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Sustainable Manufacturing: The Lean and Green Business Model 

 

Abstract: 

Over the past few years there has been an emergent trend towards integrating a lean and green approach, with a number of 

papers and books written, but most of these take an outside-in approach describing case studies from industry. This paper differs in 

that it takes an outside-in approach; describing a Lean and Green Business Model (L&GBM) developed within a major global 

engineering company. It describes the five key principles of a Lean and Green Business Model, (i) a stable value stream, (ii) 

identification of environmental impacts, (iii) measurement the environmental value streams, (iv) improvement of the environmental 

value streams and (v) continuous improvement and explains how the model applies a Kaizen approach for improving mass and energy 

flows of manufacturing environment that already possesses a basic deployment level in applying lean. Some of the key findings 

identified by the researchers highlight that (i) L&GBM has a different purpose than traditional Lean or Environmental Thinking, (ii) 

L&GBM covers the three dimensions of sustainability, (iii) L&GBM has a Lean to Green approach and (iv) L&GBM is an alternative 

approach to integrate environmental concern into operations management which creates workplace engagement in improving the 

environmental impact of the manufacturing processes by leveraging the lean attributes of involvement and empowerment to the 

environmental functions within the organization that traditionally have focused on compliance.   
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1.  Introduction and purpose  

Sustainability has become a legacy for the 21st century. It embodies the promise of societal evolution towards a more equitable 
and richer world in which the natural environment is preserved for generations to come. The quest for economic growth and social 
equity has become a major goal for most of the past 150 years. By adding concern for the carrying capacity of natural systems, 
sustainability ties together the current main challenges facing humanity.  

Although the issues embodying sustainability are more than a century old, the concept itself of sustainable development was 
described in the late 80’s, following The Brundtland Report, a report made by the World Commission on Environment and 
Development (WCED 1987). It describes the growing global awareness of the enormous environmental problems facing the 
planet, and proposes a growing shift towards global environmental action. The concern about the sustainability encouraged the 
society to support the development of a significant number of corporate practice, many applied to manufacturing business, such as 
Industrial Ecology, Industrial Symbiosis, Pollution Prevention, Cleaner Production, etc. with the ultimate goal of the supporting 
the sustainability dimensions of (1) profit, (2) people and (3) planet or the triple bottom line (Elkington 1997).  Although all these 
studies and practices have contributed to create a new world paradigm, very few were able to contribute fully to all dimensions of 

sustainability (Lozano, 2012). The term ‘Green’ is used in this paper and for the model proposed her to cover all concerns for the 
environmental impact of manufacturing and, in particular, to address the planet dimension of sustainability.  

…manufacturing is the constant game of doing more with less… therefore manufacturing managers are constantly looking for 
new approaches to increase efficiency (Hopp and Spearman 2008). With the purpose of promoting a continuous improvement 
culture within the business, the expenditure of resources for any goal, other than the creation of value for the end customer, is 
considered to be wasteful. Lean thinking is one of these strategies that are explored by manufacturing to increase performance, 
contributing to the profit dimension, by developing and respecting people. The logic of lean thinking, with the emphasis on 
eliminating the seven classic wastes (Ohno, 1988) can be redesigned and integrated to include an environmental, or green, 
dimension of sustainability, addressing all three dimensions of profit, planet and people.  

…a gram of prevention is better than a kilogram of cure… therefore using less energy, material, generating less waste is 
prevention, and so good for the environment (Bass 2007). Minimizing waste produced in manufacturing, reducing the energy use 
and using the materials and resources in a more efficient way can lead to financial cost savings and a reduction of environmental 
impacts. Therefore, integrating both concepts, lean thinking and sustainability, offers the foundation for a new business logic, 
where the pillars of sustainability, social, economic and environmental, can be understood by manufacturing and therefore support 
business goals, requirements and needs. 

The main objective of this paper is to propose a Lean and Green Business Model (L&GBM) where the environmental aspect of 
sustainability is added to the pure lean thinking concept in order to create a way of thinking that contributes to, and balances, the 
three sustainability dimensions of people, profit and planet (Elkington 1997). This model takes the Kaizen (continuous 
improvement) approach for dealing and improving mass and energy flows in a manufacturing environment that already possesses 
a deployment level in applying lean. Figure1 presents the main role of the study. 

Take in Figure 1: The main objective of the study 

This paper is based on action research developed from 2009 to 2013 by a team of lean and environmental experts from Brazil and 
UK. As an overall objective, it aims to propose a new and integrated way of thinking that:  

• Integrates the pure ‘Lean Thinking’ concepts with an environmental, or ‘Green Thinking’ dimension; 

• Contributes to, and balances, the three sustainability dimensions, or triple bottom-line of people (social sustainability) 
profit (economic sustainability) and planet (environmental sustainability);  

• Uses the Kaizen approach for managing and improving environmental flows of mass and energy in manufacturing 
environment;  

To contextualize the subject and support the problem definition, this paper will be answering the following research questions:  

• Can lean manufacturing practices be adapted and used as a strategy to achieve business environmental sustainability? 

• What different frameworks and corporate strategies are needed to support the three sustainability dimensions?  

In order to create the basis for the L&GBM, this paper explores some of the fundamental building blocks of lean thinking with 
sustainability and green concepts. It proposes the model structure and dynamics. The paper also reports the structure of the new 
model, considering purpose, principles and ways of working, discussing why it is different from pure green and pure lean 
thinking.  

Action research or participatory action research is a reflective process of progressive problem solving led by individuals working with 
others in teams, or as part of a community of practice, to improve the way they address issues and solve problems. Action research 
involves the process of actively participating in an organization change situation whilst conducting research. Action research can also 
be undertaken by larger organizations or institutions, assisted or guided by professional researchers, with the aim of improving their 
strategies, practices, and knowledge of the environments within which they practice. As designers and stakeholders, researchers work 
with others to propose a new course of action to help their community improve its work practices. According to Gil (2009) an action 
research type of study is developed in seven steps: (1) exploratory phase, (2) understanding the problem,  (3) defining the hypothesis, 
(4) project scope, (5) data collection and (6) analysis of results. Figure 2 presents the basic framework for the research structure. 



 

 

Take in Figure 2: Research structure applied for the development of the L&GBM 

Source: Developed by the authors. 

The analysis of the key findings and improvement opportunities related to the application of the L&GBM were developed in five 
different moments. Each of these moments was called an improvement cycle. The objectives of developing these improvement 
cycles are: 

• Analysis of kaizen results in terms of (1) reduction of environmental impact, (2) increase the productivity in the use of 
resources; 

• Analysis of action plan results in terms of cost reduction;  

• Confirm model prerequisites; 

• Identify other key findings; 

• Identify model improvement opportunities; 
In this study the L&GBM model was developed, tested and improved through a series of iterative testing cycles and the analysis 
of the results of each cycle. Two methods were applied for developing these analyses: (1) Brainstorm sessions with participants 
and specialists and (2) A3 analysis. Brainstorming is a group creativity technique by which a group tries to find a solution to a 
specific problem by gathering a list of ideas spontaneously contributed by its members. Brainstorming was developed and coined 
by Osborn (1963) through the book Applied Imagination. A3 is a structured problem-solving approach developed by Toyota for 
training of engineers, supervisors and managers. The term A3 derives from the paper size used for the report, which is the metric 
equivalent to 11 x 17 paper.  Toyota actually uses several styles of A3 reports: for solving problems, for reporting project status, 
and for proposing policy changes.  The A3 process helps people engage in collaborative, in-depth problem solving. It drives 
problem-solvers to addressing the root causes of problems, which surface in day-to-day work routines (Hino, 2009).  
 

2. Problem definition  

In order to contextualize the subject and support the problem definition, this paper discusses the fundamental building blocks of 
the research, such as the (2.1) the fundamental aspects of lean thinking, (2.2) the basis for green thinking and (2.3) the 

integration of lean and green to develop a model for sustainable manufacturing. This paper forwards the following 
propositions: 

• The application of pure lean promotes environmental improvement even though there is no direct intention to reduce 
environmental impact.  

• There are several examples describing the synergy between lean and green practices but none, so far, have proposed a 
different way of thinking.  

• Most of frameworks and corporate strategies do not fully contribute to the core sustainability dimensions.  

• Pure lean thinking contributes to two sustainability dimensions – (1) profit and (2) people.  

• A new way of thinking can be created by integrating to the pure lean thinking one further dimension – (3) the planet.  

 

2.1 The fundamental aspects of lean thinking  

Manufacturing is the constant game of doing more with less (Hopp & Spearman 2008). Therefore, lean thinking is one of the 
improvement strategies that have completely changed the way manufacturing has developed over the past decades. Gordon (2001) 
states that for decades, lean manufacturing has been considered the best way to run a manufacturing company.  

According to Bicheno (2000) the general purpose of lean thinking can be described in three main dimensions (1) Quality, (2) 
Delivery and (3) Cost. It means that, producing exactly what the customer wants, exactly when (with no delay) at fair price and 
minimum waste is the ultimate goal of a lean enterprise. Therefore, lean thinking focus on the optimization of production 
resources oriented by the customer – time, people, machine, space, etc, and consequently reduces wastes.  Thus, Lean Thinking 
contributes to the economic, or profit, dimension of sustainability. In general terms, lean thinking is defined and described by five 
key principles (Womack & Jones 1998): 

• Specific value: define value precisely from the perspective of the end customer in terms of the specific product with 
specific capabilities offered at a specific time; 

• Identify value streams: identify the entire value stream for each product or product family and eliminate waste; 

• Make value flow: make the remaining value creating steps flow; 

• Let the customer pull value: design and provide what the customer wants only when the customer wants it; 

• Pursue perfection: strive for perfection by continually removing successive layers of waste as they are uncovered. 



Resource productivity and closed loops provide better services, for longer periods, with less material, cost and hassle. The logic of 
lean thinking, with the emphasis on eliminating seven classic wastes, makes a customer-defined value flow continuously with the 
aim of producing less waste. Together these practices offer the foundation for powerful new business logic: Instead of simply 
selling the customer a product, it is perceived appropriate, to derive what is desired, considering the quantity, rate and manner. 
Based on the analysis of customer value, lean presents a set of tools and techniques for continuously improving processes and 
eliminating wastes (Rother and Shook 2003). 

Due to the relentless drive to reduce all forms of waste, including defects, over-processing and unnecessary transportation lean 
contributes to environmental, or green thinking, inadvertently and this paper proposes that: 

• The application of pure lean promotes environmental improvement even though there is no direct intention to 

reduce environmental impact.  

 

According to Womack and Jones (1996) one of the key building blocks of lean thinking is Kaizen – a process oriented philosophy 
that focuses on incremental improvements and standardization of the improved system as the building block for further 
improvement.  Table 1 describes the two major objectives of the Kaizen (Berger 1997): 

Take in Table 1: Two major Kaizen objectives 

Whilst Bicheno (2000) considers that lean is described in the QCD dimensions, Hines et al (2004) argues that pure lean thinking 
not only focuses in one dimension of sustainability, (1) profit, but also supports another one, the (2) people. Considering scientific 
methods and involvement of people as basis for its tools, and techniques, lean presents a robust methodology for incorporating the 
social, people dimension in a system thinking approach. In addition, ‘Respect for People’ is a key concept of TPS (Sigimori et al 
1977) suggesting that the well being of employees and their involvement in the process improvements is also central to lean. The 
soft issues of lean, which links the importance of people to the ability to sustain long-term competitive advantages, has been 
demonstrated in a number of studies (Beale and Found 2006; Carleysmith et al 2009; Found et al 2006; Lander and Liker 2007; 
Liker 2004; Liker and Meier 2007; Liker and Hoseus 2008; Liker and Convis 2012; Mann 2005).  Therefore, according to the 
authors, pure lean thinking contributes to two dimensions of the sustainability concept, such as:  

Full contribution to the profit dimension due to its core focus in eliminating the seven classic wastes and reducing costs and;  

Partial contribution to the people dimension, due to its focus on the Kaizen continuous improvement philosophy for solving 
problems and involving people, therefore this paper proposes that: 

• Pure Lean Thinking contributes to two sustainability dimensions – (1) profit and (2) people 

 

2.2 Basis for Green Thinking 

Green Thinking is rooted in sustainability, which is a systemic concept relating to the continuity of economic, social and 
environmental aspects of human society. It is however part of a wider and evolving field of corporate social and environmental 
responsibility, which in modern times has its origins in Rachel Carson’s Silent Spring (Carson 1967) and the Club of Rome’s 
‘Limits to Growth’ analysis (Meadows et al 1972). The term was first used in 1987 by the Brundtland Commission, which coined 
what has become the most often-quoted definition of sustainable development: 

Sustainable development is development that meets the needs of the present without compromising the ability of future 
generations to meet their own needs (WCED 1987). 

The field of sustainable development can be conceptually broken into three constituent parts: environmental sustainability, 
economic sustainability and socio-political sustainability. Figure 3 presents a representative scheme of sustainable development 
vectors. 

Take in Figure 3: Sustainable development vectors 

Source: Adapted from Elkington (1997) 

Sustainable development ties together concern for the carrying capacity of natural systems with the social challenges facing 
humanity (Zokaei et al, 2010). Therefore it contains two key concepts: (1) the concept of needs, in particular the essential needs of 
the world's poor, to whom overriding priority should be given; (2) the idea of limitations imposed by the state of technology and 
social organization on the environment's ability to meet present and future needs. All these definitions of sustainable development 
propose understanding the world as a system — a system that connects space and time. Therefore, the concept of sustainable 
development is rooted in systems thinking (Lovelock 1990). 

Sustainability is a big umbrella term addressing a host of issues (Hall 2010) not all of which are limited to environmental, or 
‘Green’ issues. Many writers emphasize only a few aspects of sustaining the planet in a condition to support life, but the scope of 
concerns is so broad that it’s difficult – or impossible — to think about them all at the same time. Consequently, an abundance of 
separate initiatives attack some aspect of sustainability; local recycling, alternative energy ventures, permaculture, green building 
codes, etc. 

2.2.1 Dimensions of Green Thinking 



Over the past decades, many different corporate strategies were created proposing the co-existence of industry, the business, the 
people, the natural environment and their interactions in systems thinking approach. Zokaei et al (2010) provides an overview of 
some of these key management strategies proposed to pursue sustainable development, such as Industrial Ecology (Nielsen 2007; 
Tibbs 1992) Industrial Symbiosis (Boons 2011) Eco-efficiency (Korhone 2007) Triple Bottom Line (Elkington 1997; Lenzen 
2008) Natural Capitalism (Robèrt 2002 a; Hawken et al 1999) The Natural Step (Robèrt 2002 b). 

In fact, the difficulty to make the concept of sustainability and its application clear is such that many researchers have explored it 
deeper. Glavic and Lukman (2007) present a study that summarizes the definition of sustainability and its terms. The Stern 
Review (Stern 2007) explored the economics of climate change. Lozano (2008) identifies the need for many to fully understand 
the concept, presenting a study that not only expand the concept of sustainability but also clarifies its dimensions. In a second 
study Lozano (2012) presents research that discusses how company’s voluntary sustainability initiatives contribute to the 
sustainability dimensions. Table 2, adapted from Lozano’s study, presents a list of these sustainability/corporate strategies and 
how they contribute to the sustainability three core dimensions of (1) Economic (Profit) (2) Environment (Planet) and (3) Social 
(People). With different structure and priorities, all these strategies describe conditions for sustainable systems and propose 
strategies in order to make sustainable development concept viable. 

Take in Table 2: Examples of sustainability/corporate strategies and its contribution to the sustainability dimensions 

 

The conclusion on analyzing Table 2 is that, although all these concepts have been around for much of the last 20 years, most of 
the sustainability/corporate strategies focused mainly on environmental conservation and compliance. The majority, as they are 
proposed, are not integrated, or part of, the fundamental building blocks of the manufacturing strategies that are pro-active in all 
dimensions of sustainability.  

Therefore, following this idea is possible to conclude that: 

• Lack of existence sustainability/corporate strategies that are able to contribute to the core three dimensions of 

sustainability (people, profit and planet) and that are fully integrated to the main aspects of the business. 

 

2.3 Integrating Lean and Green Thinking  

Lean sees waste as anything that is non-value added to the customer (Bicheno 2000). In the other hand, Green sees waste as 
extraction and consequential disposal of resources at rates, or in forms, beyond that which nature can absorb (Lozano 2008). An 
environmental waste is an unnecessary, or excessive, use of resources or substances released to the air, water, or land that could 
harm human health or the environment (EPA 2006). Environmental waste can occur when the company uses resources to provide 
products or services to customers and/or when customers use and dispose of products (EPA 2006).  

There has been debate in the literature whether improving environmental performance would undermine the economic 
sustainability of an organization and that many businesses could not afford the cost of meeting their environmental responsibilities 
(Florida 1996; Found 2010). However, there are many examples where improving environmental performance has improved the 
company’s profit (Maxwell et al 1993; Porter and van der Linde 1995; King and Lenox 2001; Cobert and Klassen 2006; Yang et 
al 2011). 

The US Environmental Protection Agency (EPA 2006) developed this theme and has reported some key findings: (1) Lean 
produces an operational and cultural environment that is highly conductive to waste minimization and pollution prevention; (2) 
Lean can be leveraged to produce even more environmental improvement; (3) Some regulatory friction can be encountered when 
applying lean to environmentally-sensitive processes; (4) Environmental agencies have a window of opportunity – while 
companies are embarking on lean initiatives and investments - to collaborate with lean promoters to further improve the 
environmental benefits associated with lean. 

Two recent studies discuss the synergies between pure lean thinking and environmental improvement practices. In the first, Biggs 
(2009) focused on the integration of lean thinking and environmental improvement. Some of the most important findings she 
reported were:  

• Traditional approaches to lean is capable of providing environmental benefits even though there is no direct intention to 
reduce environmental impact; 

• The lean methodology can be used to make environmental improvements as well as productivity improvements; 

• Kaizen/Continuous Improvement (CI) kaizen blitz and workforce involvement and suggestions are popularly suggested 
methods of gaining environmental benefit from a Lean implementation; 

• It is the culture of waste elimination and experimentation, problem solving and improvement of best practice encouraged 
by lean that may help companies make environmental improvements; 

• A lean approach can help make the business case for environmental impact reduction. 

In a second study, Dues et al (2012) discuss how lean practices are catalysts for greening operations. The authors discuss that the 
lean and green connection go beyond the idea of waste reduction, overlapping in paradigms such as (1) tools and practices, (2) 
supply chain relationship, (3) lead time reduction, (4) focus on people and organization (5) use of techniques for waste reduction. 



The research findings indicate that green comes as a natural extension to lean as most of lean practices are green without the 
explicit intention to be green and concludes that lean manufacturers are greener than non-lean companies.  

Following these two studies is possible to conclude that:  

• Lean thinking serves as a catalyst to green thinking. 

• Lean can be the first stage for a company to become green. 

In fact, over the past two decades the lean community has focused on operational improvements to build a continuous 
improvement. In the lean model, work is based on the principles of continuous improvement, or Kaizen. Workers are responsible 
for identifying problems found on the production line and, in contrast to mass production, are able to stop the line for such 
problems. Floor workers are arranged in teams, with a team leader performing a coordinating role in addition to assembly tasks 
(Rothenberg 2001). A benefit of pollution prevention activities is that they are often value added for the firm since they reduce 
costs through material use reduction or through the avoidance of waste management costs (Florida 1996; Found 2010)  

The next challenge for the lean community is to consciously account for the environmental issues. Gordon 2001 discusses some 
ways for integrating lean and green practices with a focus on cost reduction practices. The fundamental building block of lean 
thinking is continuous improvement, Kaizen, with its focus on problem solving and employee involvement fits with the notion of 
creating a greener industry. Therefore, the pursuit of continuous improvement, i.e. Kaizen, creates substantial opportunities for 
pollution prevention and waste and emissions reduction.  Figure 4 illustrates the positioning of Lean and Green Manufacturing. 

Take in Figure 4: Level of integration of lean and green with manufacturing processes. 

Source: Developed by the authors. 

2.3.1 Integrating Lean and Green in Practice 

Although the idea of lean thinking had not been fully explored by many in the environmental community, a number of articles 
were published where some of the lean thinking fundamentals, such as the need for people involvement (Venselaar 1995; Boyle 
1999; Stone 2000; Remmen and Lorentzen 2000; Perron et al 2006) the idea of learning by doing (Dieleman and Huisingh 2006) 
continuous improvement (Fresner 1998) and application of problem solving tools (Calia et al 2009) were identified as necessary 
for implementing environmental policies by environmental researchers indicating a connection between lean and green practices.  

To the environmental researchers that recognized the existence of lean thinking, there have been several initiatives discussing 
positive and negatives aspects of using lean to support the other dimension of sustainability, the environment, using different 
aspects and tools of lean for solving environmental problems and therefore contributing to a more sustainable business. For 
example, Chiarini (2014) identified that whilst Value Stream Mapping, TPM and other lean tools such as 5S and cellular 
manufacturing were positively associated with reducing environmental impact, there were no significant environmental savings as 
a result of Single Minute Exchange of Die (SMED). This raised an interesting debate on the typology of lean tools for different 
environmental impacts; similar to the Hines and Rich (1977) argument that there is a typology of Value Stream Mapping tools to 
identify production wastes. 

Vais et al (2006) in the study  ‘Lean and Green at a Romanian secondary tissue paper and board mill’, present the development of 
technical environmental projects for accomplishing legal requirements and the use of lean tools, such as 5S’s, Kaizen and 
autonomous maintenance for developing punctual improvements, optimizing the use of natural resources and production output.  

EPA published The Lean and Environmental Toolkit in December 2006 (EPA, 2006) to demonstrate that traditional lean tools can 
be applied to environmental wastes. This manual establishes guidelines for sing lean tools for improving material flow for the 
main flows that support the production process and that can affect the environment (such energy, chemicals, wastes, etc.).  

Following these studies is possible to conclude that:  

• There are intrinsic linkages between lean and green – not least due to the relentless focus of lean on waste 

elimination.  

• Lean tools and fundamentals are successful when used for promoting environmental improvements. 

According to Gustashaw and Hall (2008) an organization in which lean is already at the heart of its business system, and Kaizen is 
the basis for continuous improvement culture, the same strategy could be expanded for improving production energy and material 
flows. Deploying a strategy of improving the way that products and materials are sourced, manufactured, marketed and disposed 
at the end of its life-cycle means that lean thinking can be used for creating a sustainable manufacturing.  The author states that by 
lean logic, or thermodynamic environmental improvement of mass-energy balances, the holistic improvement within a factory 
system boundary can benefit greatly an existing business model. Perhaps, although this idea was stated by the authors, no 
examples where found were pure lean thinking was expanded to create a new and integrated way of thinking. The examples found 
focus only in using and applying lean tools for promoting environmental improvement.  

This idea of the existence of a new way of thinking, connecting the business thinking (such as lean) and the green dimension can 
also be sustained by analysing some pure green practices. Many researchers studied and proposed integrated approaches. Some of 
them explore the context of green manufacturing. Others explore some limitation and success factors of cleaner production, 
pollution prevention initiatives expressing the need for a strategic approach, leadership support and integration into the existing 
business models. Table 3 presents a list of examples. 



 

Take in Table 3: Articles that explore the idea of integrated approaches to connecting business thinking (such as lean) and the green dimension 

 

Building upon the existing work, some of the conclusions are: 

• Although lean and green integration was proven by many practical examples (Vais et al 2006; EPA 2006) none of 

these have explored the idea of creating a new way of thinking.  

2.3.2 Dimensions of Lean and Green 

Three components make up the ‘triple bottom line’ of corporate sustainability, a concept coined by Elkington (1998) which can be 
defined as meeting the needs of a firm’s direct and indirect stakeholders (such as shareholders, employees, clients, pressure 
groups, communities etc.) without compromising its ability to meet the needs of future stakeholders as well (Dyllick and Hockerts 
2002). 

In 1999 Hawken, Lovins and Lovins discussed that there is a great potential of integrating lean thinking with its focus on QCD 
measures with environmental sustainability. Until recently lean manufacturing and the application of lean thinking has 
concentrated on the economic and some of the social aspects of sustainability. However, the essence of lean to produce more with 
less implies that lean thinking organizations use less resource, in the form of raw materials and energy. Therefore, lean thinking is 
green once it proposes the reduction of materials, wastes and energy that are required by the production; lean is creating a new 
manufacturing paradigm, which, inadvertently, includes an environmental sustainability element. Thus a Lean and Green Business 
Model makes this explicit and includes a deliberate, intended focus on reducing environmental impact that is measurable and 
forms part of a continuous improvement strategy. 

According to Hall (2010) although lean thinking already explores some aspects of sustainability, people and profit, sustainability 
goes beyond this, including also the idea of environmental impact — mass and energy flow of everything that enters and leaves 
the system. Therefore, extending lean thinking to an integrated lean and green approach addresses the three core sustainability 
dimensions (people, profit and planet). A sustainable manufacturing business has to focus on eliminating wastes (profit) 
implementing Kaizen (people) and to explain the movement of mass and energy within and through boundaries (planet) even if 
these boundaries are only a production cell, the entire factory or the supply chain. 

• A new way of thinking can be created by integrating pure lean thinking (1) – profit and (2) people with the 

dimension of green thinking (3) planet 

Therefore, based on the discussion of the five propositions stated earlier, this paper aims to propose a new and integrated way of 
thinking that (1) contributes and balances the three sustainability dimensions (people, profit and planet) and that (2) integrates to 
the pure lean thinking one new dimension, the environmental sustainability, the green thinking, developing a model that uses the 
Kaizen approach for dealing and improving environmental flows of mass and energy in manufacturing environment that already 
possesses a deployment level in applying lean. 

2.4 Beyond Sustainability 

And what comes after sustainability? Compression thinking (Hall 2010) may answer this question. With a top-level statement that 
establishes Assure survival of life and promote quality of life using processes that work to perfection with self-correcting, self-
learning systems. No use of excess resources. No wasted energy. No toxic releases. Quality over quantity, always. compression 
thinking is based on the fact that the society is near a turning point, the end of expansion. Population is expanding on an earth 
with finite resources. Traditional thinking from the industrial revolution and financial thinking need to be changed. So, the case 
for compression is based on 4 main drivers (1) Finite Resources, (2) Precarious Environment, (3) Overconsumption, (4) 
Pushback, as in shown in Figure 5.  

 Take in Figure 5: The case for compression 

Source: Hall (2010) reproduced with permission 

According to Hall (2010) lean thinking breaks a little from traditional thinking since its practitioners are used to removing waste 
from processes, not always represented by costs. But compression thinking has to step beyond this. Physical actions and their 
consequences must take priority over financial motivations. Therefore, compression begs for fundamentally new economic 
thinking, looking behind financial transactions to see the physical reality of what society and corporations do. Also, compression 
is not pure environmental. Environmental concerns are only one reason to make systemic changes. It calls for a different mind-
set, for an integrated approach in other deal with the increasing complexity of today´s work. Figure 6 show how the three vectors 
presented by the sustainability concept are viewed based on compression thinking. 

Take in Figure 6: The three vectors presented by the sustainability concept based on compression thinking 

Following this, compression thinking brings a new way to see environmental issues. Differing from the sustainability concept, 
compression states that this should be part of bigger system, integrated into the core business model. Although compression has a 
much wider scope, it is understood that lean thinking is a way to get into compression 



3. The Lean and Green Business Model 

In order to understand the purpose, the principles and the ways of working of the Lean and Green Business Model (L&GBM) and 
to explain why it is different than pure lean and pure green, the methodology section of this paper is divided four main blocks: The 
purpose of the model, (3.1); The principles of the model, (3.2); The ways of working of the model, (3.3) and why lean and green is 
different from pure lean or pure green thinking. 

3.1 The purpose of the Lean and Green Business Model (L&GBM) 

Although, according to Bicheno (2000) the general purpose of lean thinking can be described in three main dimensions (1) 
Quality, (2) Delivery and (3) Cost, Lozano, 2008, in his article Envisioning sustainability three-dimensionally, reviews the 
concept of environmental sustainability established by several authors and states that the green thinking can be quoted as use of 
natural resources without going beyond the carrying capacities and the production of pollutants without passing the 
biodegradation limits of the receiving system. Therefore, the general purpose of environmental thinking can be described in one 
dimension (Environment) with two main focuses: (1) Producing with the maximum productivity in the use of natural resources 
and (2) with the minimum environmental impact.  

The idea of the L&GBM is using lean thinking to solve environmental problems, adding one more dimension to the traditional 
lean thinking, the Environment.  In this context, the main objectives of the model are based on the fundamental building blocks of 
environmental sustainable practices:  

• Improving manufacturing processes resources productivity by optimizing its supporting flows performance 
(materials and energy consumption and wastes generation); 

• Reduce manufacturing processes environmental impact, by reducing all environmental wastes generated by 
production.   

Following this, the L&GBM model can be defined as: 

 Producing exactly what the customer wants, exactly when (with no delay) at a fair price and with minimum waste and 
environmental impact by delivering the maximum productivity in the use of natural resources.  

It means that the lean and green thinking will be described in four dimensions, (1) Quality, (2) Delivery, (3) Cost) (4) 
Environment, linked to the three core sustainability dimension (1) Profit, (2) People and (3) Planet.  

Figure 7 presents the position of L&GBM comparing to it to pure lean and pure environmental thinking, how it integrates the 
sustainability vectors, in order drive to Compression that begs fundamentally for a new economic thinking and calls for a different 
mind-set, for an integrated approach which deals with the increasing complexity of today´s work.  

Take in Figure 7: Positioning the L&GBM 

 

3.2 The principles of the L&GBM 

In general terms, environmental thinking models, such as Industrial Ecology (Nielsen 2007; Tibbs, 1992) Industrial Symbiosis 
(Boons 2011) Eco-efficiency (Korhone 2007) Triple Bottom Line (Elkington 1997; Lenzen 2008) Natural Capitalism (Robèrt 
2002a; Hawken et al 1999) The Natural Step (Robèrt 2002b) can be generalized by four common key principles: 

• Identify environmental aspects and impacts; 

• Measure environmental impact and the use of natural resources; 

• Identify alternatives to (1) impact reduction and (2) resources productivity; 

• Continuous Improvement; 

Womack and Jones (1996) offer five key principles for defining and describing lean thinking: 

• Specific value: define value precisely from the perspective of the end customer in terms of the specific product with 
specific capabilities offered at a specific time; 

• Identify value streams: identify the entire value stream for each product or product family and eliminate waste; 

• Make value flow: make the remaining value creating steps flow; 

• Let the customer pull value: design and provide what the customer wants only when the customer wants it; 

• Pursue perfection: strive for perfection by continually removing successive layers of waste as they are uncovered. 

To operationalize the lean thinking principles, the identification of value streams is key, to make value flow at the pull of the 
customer. In lean enterprises, manufacturing processes are organized in levels of flow, where: 

• The first level is the cell level, the lowest production level in a manufacturing company organized by lean principals, 
composed by a finite number of operations/machines; 



• The second level is the factory level, value stream level, composed by several cells that are part of the same value 
stream; 

• The third level is the extended value stream level, composed by several sites (external supplier through to customer) 
that are part of the same value stream. 

The leadership, methodology and execution patterns, designed for improving value stream performance in an organization that 
applies lean thinking as a strategy for increasing manufacturing performance, are used in the L&GBM. The difference here is that, 
instead of focusing in the flow of product (that is the main goal of improving manufacturing performance) the focus here is 
optimizing the use of the value stream supporting flows performance (mass and energy flows). Following this, the L&GBM can 
be described by five key principles: 

• Identify a stable value stream (VS): Identify a stable value stream (level 1, 2 or 3). A stable value stream is a value 
stream that has improved and reduced the waste along the main dimensions of lean thinking (1) Quality, (2) Delivery and 
(3) Cost);  

• Identify the environmental impact (E): Identify in the chosen value stream the environmental aspects and impacts; 

• Measure the environmental value streams (EVS): Measure the value stream environmental impacts and the use of 
natural resources (the value stream supporting mass and energy flows);  

• Improve the environmental value streams (EVS): Identify alternatives to (1) impact reduction and (2) resources 
productivity within the value stream;  

• Continuous Improvement (CI): Set alternatives for improving the value stream supporting mass and energy flows;  

Considering what was presented, Figure 8 presents the overall idea of the L&GBM principles. 

Take in Figure 8: The principles of the L&GBM 

 

3.3 The ways of working of the L&GBM 

The basic and most important idea of the L&GBM is that lean and green approaches will be integrated fully as part of the 
continuous improvement process of a manufacturing process, where the lean philosophy and ways of working were already in 
place, as described in the session 3.2. Following this, the objects of study of the L&GBM are the mass-energy flows of the 
manufacturing processes and the expected output for model application is the achievement of improvements in these 
thermodynamic flows (Materials, Chemicals, Water, Waste, Effluent, Energy) contributing to improvement of the overall 
performance.  

One fundamental building block of lean thinking is continuous improvement, Kaizen, with its focus on problem solving and 
employee involvement, which fits perfectly with the notion of creating a greener industry. The L&GBM will be using the Kaizen 
approach for dealing and improving environmental flows of mass and energy of a manufacturing a cell and the value stream. The 
difference here is that instead of focusing in the flow of product (that is the main goal of improving manufacturing performance) 
here the focus is optimizing the use of the value stream supporting flows performance (mass and energy flows).   

 

3.4 Why the L&GBM is different than either lean or green thinking? 

Following the description of the L&GBM developed in sessions 3.1, 3.2 and 3.3, Table 4 highlights the fundamental differences 
of the L&GBM compared to pure green and pure lean thinking in terms of purpose, principles and ways of working of dealing of 
the sustainability vectors (People, Profit and Planet). 

Take in Table 4: Table comparing Lean and Green with pure lean and pure green thinking 

Considering what was presented in Table 4, L&GBM is different than pure Green Thinking due to: 

• L&GBM prioritizes the customer focus: For being L&GBM it is necessary to be lean first; Therefore a prerequisite of 
deployment level in lean is key for Lean and Green; 

• L&GBM identifies and measures environmental aspects and impacts based on value streams: Traditional green 
thinking does not focus into the manufacturing ways of working to do this; 

• L&GBM focuses on a top-down and bottom-up approach: for deploying environmental continuous improvements; 

• L&GBM prioritizes maximizing value and reducing costs: It has an environmental approach, prioritizing financial 
savings and waste reduction as well. 

Considering what was presented in Table 4, L&GBM is different to pure Lean Thinking due to: 

• L&GBM introduces into the traditional lean thinking a new dimension - the environmental concern aspect: 
Traditional lean thinking focuses on three dimensions: Quality, Delivery and Cost. L&GBM introduces the 



environmental concern, requiring  (i) minimization of the use of resources and (ii) reduction of environmental impact (iii) 
the need of environmental awareness along the flow of value;  

• L&GBM focuses on other sources of savings: Traditional lean thinking considers only reduction of the seven classic 
wastes. With the introduction of the environmental variable concern along the flow of value, other sources of wastes may 
be focused and reduced, maximizing the overall savings. 

In fact, the overall idea of the L&GBM encompasses the same principles of the lean thinking that are set in the house of lean, 
where the stability is the base, the Kaizen is it main pillar with the ultimate goal of improving performance, that in the case is 
based in three dimension, (1) Quality, (2) Delivery and (3) Cost. The difference here is that one more dimension, (E) Environment 
will be added to existing model. Figure 9 presents the idea. 

Take in Figure 9: The house of lean and L&GBM 

Source: Adapted from Rich 2006 in Understanding the lean journey 

In fact, Rich, 2006 discusses lean improvement stages from chaos to control to competitive advantage, setting the natural steps to 
be followed by a manufacturing process implementing lean principles over a period of time.  By concentrating first on stabilizing 
processes, where basic discipline, safety and morale is addressed and followed by improvements in quality, delivery performance 
and process flexibility, costs are reduced naturally, creating opportunities for further cost reduction that are realized in the later 
stages: 

Process stability (Quality + Delivery + Flexibility) →Cost reduction 

Perhaps, this logic does not take into consideration the other sources of cost that are part of the manufacturing process, the 
environmental wastes (materials and energy consumption and wastes generation) and that are not considered in the original Rich’s 
model. Therefore, the L&GBM is built based on Rich’s model, adding one extra variable to it: 

Process stability (Quality + Delivery + Flexibility) + Environment → Cost reduction 

4. Results 

The model was developed and implemented in a major, global engineering company that services the automotive and aerospace 
industries. Initially, the model was tested in two pilot cells in the automotive production plant in Brazil. These are termed 
Monobloc A and Assembly 20 that represent two stages of the manufacturing process. Table 5 presents the basic characteristics of 
the manufacturing operational cells where the L&GBM was applied. The pilot Kaizen events were developed at the end of 2008 
and 2010 and followed the five-step model. The Kaizen events each involved approximately 30 people, including all cell 
operators, leaders and managers, and maintenance people as well as environmental and lean specialists. The results of the Kaizen 
events are presented in Table 6. The main objectives of pilot testing were (1) confirm the 5 steps proposed and structure for the 
L&GBM for a cell before rolling it out for other several manufacturing cells of one manufacturing business, (2) confirm the 
prerequisites and participants, (3) analyze potential savings in terms of environmental improvements and cost reduction after 
applying the model, (4) identify model improvement opportunities, were all achieved. Therefore, the L&GBM for a cell was 
considered a good strategy for (1) improving manufacturing processes resources productivity by optimizing its supporting flows 
performance (materials and energy consumption and wastes generation) and for (2) reducing manufacturing processes 
environmental impact, by reducing all environmental wastes generated by production, the two main objectives of the L&GBM.  

Take in Table 5: Environmental and manufacturing characteristics of the pilot cells where the L&GBM was applied, including 
the application and evaluation of prerequisites 

 
Take in Table 6: Results of Kaizen event: Identification of improvement opportunities for the cell mass and energy flows. 

 
The action plans from both Kaizen workshops were not implemented totally because some of the ideas proposed by the Kaizen 
teams were considered not to be viable by technical experts following detailed technical analyses. However as Table 7 shows they 
were accepted substantially and generated significant benefits. Considering that the automotive company where the project is 
being tested has approximately 70 cells, if the model is implemented to the same extent in all cells, the L&GBM will generate a 
total annual savings of US$ 1,600,000/year for the company. Following the pilots, the L&GBM was then rolled out to other 
manufacturing cells. The rollout phase of the L&GBM was further developed in automotive manufacturing operations in Brazil in 
2011. The model applied for this phase was unchanged from that applied previously. The Kaizen events followed the same 
structure as before. In total, through 2011, seven Kaizen events were held. Each of the seven manufacturing cells had different 
characteristics in terms of prerequisites for applying the L&GBM. The important point to highlight is that the pilot testing for the 
L&GBM was considered successful and it proved the business case for the L&GBM, confirming the proposed characteristics and 
prerequisites. The L&GBM was then rolled out to other manufacturing cells, including sisters’ cells and for a value stream. 
Finally, it was applied outside of automotive and tested in plants in the US and UK. 
 

Take in Table 7: Monobloc A and Assembly 20 implementation results. 

 



5. Conclusions 

Nature follows a distinct logic. From cradle to cradle, the birth and death of each living things, the composition of the atmosphere 
and soil, the cycling of elements through air and waterways, and many other ecological assets are all the result of the evolution of 
living processes. The human species, while buffered against environmental immediacies by culture and technology, is ultimately 
fully dependent on the flow of ecosystem services and to the logic of the nature. 

Manufacturing also has its own logic. In order to achieve competitive advantage, to be a lean enterprise, producing exactly what 
the customer wants, exactly when (with no delay) at fair price and minimum waste, the process of implementation follows a 
distinct logic: Cost reduction is ultimately fully dependent of stability, a function of quality, delivery and flexibility.  

Lean and Green has its logic as well. In order not only to achieve competitive advantage but also to be a sustainable enterprise, 
producing exactly what the customer wants, exactly when (with no delay) at a fair price and with minimum waste and 
environmental impact by delivering the maximum productivity in the use of natural resources the process of implementation 
follows a distinct logic: To be lean and green it needs to be a lean enterprise first.  It means that the lean and green thinking will be 
described in four dimensions, and not only three, (1) Quality, (2) Delivery, (3) Cost) (4) Environment, linked to the three core 
sustainability dimension (1) Profit, (2) People and (3) Planet.  

L&GBM aims to (a) reduce environmental impact and (b) increase the productivity in the use of resources and observing the 
manufacturing structure, production flows and lean fundamental building blocks.  Four key conclusions were identified while 
analysing the model. They are:  

(1) L&GBM has a different purpose than traditional Lean or Environmental Thinking: It introduces a new way of 
seeing environmental problems, (a) from the green side – prioritizing the customer focus, (b) From the lean side – 
including a new dimension in the traditional lean thinking – the environment. 

(2) L&GBM covers the three dimensions of sustainability: Since traditional lean thinking embodies two dimensions of 
sustainability (people and profit) L&GBM extends this and introduces another dimension to pure lean, the respect for the 
environment. 

(3) L&GBM has a Lean to Green approach: L&GBM application should be the continuation, a second step of a 
continuous improvement / lean culture already in place. 

(4) L&GBM as an alternative approach to integrating environmental concern in operations management: Since it 
uses lean fundamentals, L&GBM translates the environmental technical language to the manufacturing world. 

In addition, the L&GBM shows that environmentally sustainable practices can be considered as an extension of lean philosophy. 
Sustainability means meeting the needs of current generations without compromising the ability of future generations to meet their 
needs in turn. Three fundamental impacts, social, environmental, and financial (or People, Planet, Profit) evolved to define 
business objectives using the original Brundtland philosophy.  

This means that lean leads us toward sustainability initiatives.  Because it is much like lean in concept and practice, sustainability 
can be thought of as lean expanded to achieve a much broader objective.  In a world of uncertainty about the economy and 
environment, where most corporate strategy do not full contribute to the three pillars of sustainability, the L&GBM demonstrates 
the case for a new and innovative way of thinking for supporting the development and the evolution of sustainable business. 
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