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Abstract 
 
The purpose of this study was to investigate how work 

with Lean and environmental aspects affect one another, 
and if possible and beneficial from a business point-of-
view, how they could be integrated into a single model. 

It was found that several of the fundamental concepts 
concerning Lean and environmental aspects support one 
another. Further, Lean has the potential to improve the 
environmental performance of a company, and can con-
tribute to the environmental work by its proactive ap-
proach, structured way of operating and long-term way 
of thinking. The environmental perspective can contribute 
to Lean with its more holistic view; additional cost sav-
ings and improvements might be found when looking at 
the operations from an environmental point-of-view.  

The study showed that it is not only possible to inte-
grate Lean and environmental work, but that it also has 
the potential to be beneficial from both a business and an 
environmental standpoint. Integration can reduce the risk 
of sub-optimization, and synergies can be achieved. With 
this knowledge, the authors composed a model for how 
Lean and environmental work can be practised and inte-
grated. 

 
Keywords: Green Lean, waste, value, manufacturing, eco 
design, streamline, flow, sustainable, just in time, EMS 

1. Introduction 

This paper is based on the authors’ master thesis [1] 
which was performed at Linköping University, Sweden.  

Lean production, also known simply as Lean, is a pro-
duction philosophy that during the last decade increas-
ingly has become a more attractive production philosophy 
for decreasing costs and increasing customer satisfaction 
by improving customer service and obtaining more effi-
cient production flows. At the same time, different stake-
holders are demanding an increased environmental 
awareness and an active environmental profile. 

Several authors have pointed out that the introduction 
of Lean has the possibility to directly improve a com-

pany’s environmental performance, mainly due to Lean’s 
focus on reducing waste [2]. This is, however, to be con-
sidered more or less as unintended spillover from the pro-
duction philosophy. Furthermore, there are studies show-
ing that the opportunity for further improvements and 
cost savings are likely to remain undetected if the busi-
ness is seen from a strict traditional Lean perspective [3, 
4]. Including an environmental perspective into Lean 
could thus have the possibility to produce both financial 
and environmental gains. 

Larson & Greenwood [4] find that combining Lean 
and environmental methods is not only possible, but also 
provides possibilities to gain competitive advantages and 
environmental sustainability. Furthermore, they mean that 
combining the two methods would strengthen the Lean 
method on aspects where it has been considered weak; 
the life-cycle perspective and awareness of environmental 
risks. In their study, the U.S. Environmental Protection 
Agency (EPA) [5] found the following advantages of 
combining the two approaches: 

• Reduced costs  
• Improved process flow and reduced lead times 
• Lower regulatory non-compliance risk 
• Meet customer expectations 
• Improved environmental quality 
• Improved employee morale and commitment 

2. Objective 

As described in the introduction, previous research has 
given examples on how Lean and environmental work 
can be combined. However, a more summarizing and 
comprehensive picture regarding how the two approaches 
affect one another, and how they can be combined to 
reach synergies and economical benefits, was not found.  

Hence, the purpose of this study was to investigate 
how the work with Lean and environmental aspects affect 
one another. If applying the two principles together was 
shown to be both possible and beneficial from a business 
point-of-view, the authors would propose how these two 
concepts could be integrated into a single model. 
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On a more detailed level it was of interest to investi-
gate the following research questions: 

• RQ1 – Which potential effect might Lean and envi-
ronmental work have on each other? 

• RQ2 – Which potential strengths and weaknesses 
can be identified with Lean and environmental work 
from a business and economical point-of-view? 

• RQ3 – How, if possible, can Lean and environ-
mental aspects be combined to strengthen one an-
other and lead to synergies? 

It was found to be important that the result of the study 
could be of practical use for companies wishing to use 
environmental work and Lean in their organisation, as 
well as being theoretically grounded.  

3. Method 

A combination of literature studies and interviews 
were used to fulfil the purpose. The literature study pro-
vided an overview of previous research and theories in 
the areas of Lean and environmental aspects. Theories 
and previous research in the two mentioned areas were 
studied. Focus was set on research regarding the methods 
from a business point-of-view, as well as how the two 
methods affect each another.  

The knowledge gained from the literature study was 
used to form questions and research areas to be used in 
the interview study. The interviews had two main pur-
poses: to give a more practical, business-related view on 
the theoretical learning from the literature study; and to 
fill potential blind areas where previous research and 
theories ’were not found to give sufficient answers.  

Four Swedish enterprises, which work according to the 
Lean principles and also have an active environmental 
profile, were interviewed about their way of working with 
the two approaches, as well their views on an integration 
of these. The companies interviewed were chosen to rep-
resent small, medium-sized and large companies in order 
to make sure the result from the study would not be valid 
only for a certain size of company. 

Previous research from different studies and theories 
was compared and combined with what was learned in 
the interviews. The results were analyzed from the view 
of the research questions. 

4. Results and discussion 

4.1. How Lean and environmental work affect 
each other 

In general, the interviewed companies regarded Lean 
as having a positive influence on their environmental 
work, even though none of them had carried out an 

evaluation on how their work with Lean affected their 
environmental key performance indicators (KPI).  

According to Kidwell [3], many of the basic ideas 
within Lean might have a positive impact on the envi-
ronmental performance, even if they were not the main 
purpose of the philosophy. This observation is also con-
firmed by all of the companies that were interviewed in 
this study.  

In a case study at Boeing, Lean was revealed to have 
several impacts on the environmental work and perform-
ance [6]: 

1. Lean produces significant resource productivity im-
provements with important environmental im-
provements and sustainability implications. 

2. Lean produces a robust waste elimination culture. 
3. Lean thinking brings powerful financial incentives 

to resource conservation and pollution prevention 
improvement. 

Despite evidence of significant resource productivity 
and environmental benefits resulting from Lean, there are 
signals that opportunities for additional environmental 
improvements are sometimes left untouched. There are a 
number of “blind spots” where the Lean approach is not 
sufficient to reach the desired environmental performance 
for a company. Lean does not typically include considera-
tion of environmental risks and life-cycle environmental 
impacts. If these blind spots are filled, the environmental 
improvements resulting from Lean implementations can 
be enhanced. [7]   

Tice et al. [8] argue that the driving forces behind 
Lean often are stronger than those behind environmental 
work. A consequence of this is that it might be easier to 
get decisions on actions related to improvement of envi-
ronmental performance, such as minimization of waste, if 
it deduces from the work with Lean compared to if it 
would have been part of the ’company’s environmental 
work. This would in turn be due to Lean’s more results-
oriented goals than those of the environmental work. 

Previous research has shown that Lean is likely to also 
have some negative impact on a company’s environ-
mental performance. One example is the small batch sizes 
that are applied in Lean, which can lead to higher air 
emissions [9]. The frequent batch shifts can also lead to 
an increased use of detergents [10]. Furthermore, the Just-
in-Time (JIT) principle can lead to an increased number 
of transports and thus greater environmental impacts [11, 
12]. This is however contradicted by Tracey et al. [13], 
Garreau et al. [14], and Christensen [15] and McKinnon 
[16], who argue that transportation costs, and hence envi-
ronmental impact, does not in practice increase for the 
overwhelming proportion of companies working accord-
ing to Lean principles. This is confirmed by the interview 
study in which several of the respondents pointed out that 
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they found other methods to meet the JIT principle with-
out the transportation costs actually increasing, i.e. by 
actively planning and monitoring the activities. It can thus 
be concluded that parts of the tools of Lean can poten-
tially have a negative impact on the environment. This 
means that Lean therefore could hamper the company’s 
current environmental efforts, but as the company’s envi-
ronmental impact is often correlated with its costs, there 
are strong incentives for firms to adopt various measures 
to mitigate, or almost completely eliminate, the additional 
impact that the work with Lean would potentially pose. 

There is also a risk that some possibilities for im-
provement and cost savings are not discovered if the op-
erations are seen strictly from a Lean perspective. For 
example, it is likely that environmental savvy people may 
conclude that a more expensive but less environmentally 
hazardous substance will be more cost effective in the 
long run because it generates less hazardous waste that 
has to be disposed of, whereas an employee working with 
traditional Lean might not have the competence to spot 
these opportunities. Thus, environmental work may have 
a positive impact on Lean in the sense that adding an en-
vironmental perspective to Lean can minimize or elimi-
nate the above-mentioned risk. [3] 

A common problem with environmental work is that 
companies tend to go back to “business as usual” after an 
environmental project. Long term advantages, such as 
productivity improvements resulting from the project, 
thereby risk not being fulfilled. Therefore, it is important 
to include environmental improvements into the daily 
work and the company’s overall strategy in order to reach 
a dynamic process of continuous environmental im-
provements. [17] 

4.2. Strengths and weaknesses 

One of the strengths of Lean is that the method is con-
crete and based on well-defined tools and principles, 
making iteasy to understand how tasks and routines are to 
be managed. The process approach helps to create a 
common goal. It becomes apparent that the business 
should be optimised as a whole, as opposed to individual 
departments seeking to maximize their own profit without 
working for the best interests of the entire company. One 
advantage of Lean that is worth mentioning in this con-
text is its focus on measuring outcomes and indicators, 
i.e. what gets measured gets managed. 

An important element of Lean is that the work takes 
place in cross-functional teams where people from differ-
ent parts of the organisation and with different skills work 
together. This provides the opportunity to learn from one 
another and to reach solutions that perhaps would not 
have been accomplished if a group had been formed with 
people who think alike and have the same or similar skills 

and background. The philosophy also contributes to a 
proactive approach in which action and change is not just 
carried out when necessary. The continuous improve-
ments have the potential to lead to future stringent regula-
tory requirements being met in advance, as well as to save 
money. 

One weakness of Lean is that, despite the process ap-
proach that aims at reducing the risk of sub-optimisation, 
it primarily focuses on the production part of the life-
cycle. Thus, an organisation working with this approach 
risks sub-optimisation of costs from a life-cycle perspec-
tive [4, 7]. When companies actually have limited time 
and resources, efforts should be placed where they con-
tribute the most, which is not always in the production 
phase. 

Another potential weakness of Lean is that JIT can 
lead to increased shipments, as pointed out by Whitelegg 
[11] and Bleijenberg [12]. This is, however, not perceived 
as a problem by the interviewed companies as transport is 
strongly linked to costs. By planning and managing the 
transports the amount can be as low as, and often even 
fall short of, the levels reached without JIT. 

Larson & Greenwood [4] point out that Lean can lead 
to a lack of consideration of ecological risk, and that the 
environmental problems that the companies’ activities 
may cause risk remaining undetected. This has not only 
environmental consequences, but also short and long-
term economic ones. Various environmental fees are 
costly, fortreatment and disposal of wastes as well as for 
emissions. Emissions can also be regarded as a form of 
waste, since materials and processes are consumed with-
out the creation of customer value. 

One advantage of environmental work is that it en-
sures a life-cycle approach. This gives the opportunity to 
identify those parts of the life-cycle that have the most 
impact on the environment, and focus the resources on 
these areas in order to maximize the profitability. One of 
the interviewed companies had recognised the importance 
of ensuring a life-cycle perspective in the evaluation of 
their environmental impact. They noted that the far great-
est impact on the environment came from the use phase, 
i.e. when their product was in use by the customers. By 
reducing the impact and costs during the use phase, they 
were able to raise the price of the product and thus in-
crease their income. 

Another advantage of the environmental approach, 
from a business point-of-view, is that the integrated ap-
proach provides a new opportunity to open one’s eyes to 
things that perhaps would not otherwise have attracted 
attention. Examples are functional sales [18] and various 
forms of end-of-life treatment or design for remanufactur-
ing, which according to Sundin [19] can be both eco-
nomically and environmentally beneficial. 
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One weakness of the environmental aspect is that the 
driving forces are rarely associated with the company’s 
business performance. Rather, it has been a requirement 
from the authorities or other stakeholders and enthusiasts 
within the company which gave rise to company’s envi-
ronmental work. As one of the interviewed companies 
recognize, the environmental work risks becoming an 
isolated “sidecar” without any apparent connection to the 
rest of the business. 

One difficulty with environmental work is the lack of a 
definition of environmental work. Gehin et al. [20] point 
out in an article that the recent growing interest in ecol-
ogy has led to an increasing need for an adequate termi-
nology to ensure that people will be working towards the 
same goal. Issues such as what environmental work really 
is, which tools you can use or why the environmental 
work is required do not always have an apparent answer. 
There is thus no distinct structure or definition of what 
environmental work really is. This means that different 
people have different views about the subject, which con-
siderably complicates the work and communication 
around it. 

Ammenberg and Sundin [17] show that there is a risk 
that companies will return to “business as usual” after an 
environmental project. They argue that this could be 
eased by integrating environmental projects into daily 
operations and the continuous improvement process. 
Thus, a disadvantage of environmental work is that it is 
likely to have a limited effect if it occurs in isolation 
rather than integrated with the rest of the daily work. [17] 

5. Conclusions 

The Green Lean approach that is presented below is 
not yet scientifically verified, so the authors cannot with 
certainty say that an implementation of the model will 
contribute to improving a company’’s financial and envi-
ronmental performance.  

The reader of this paper is kindly asked to note that the 
version presented in this paper only gives a general pic-
ture of the Green Lean approach; for a a more detailed 
version, please contact the authors. 

5.1. Combining Lean and environmental aspects 

By combining the strengths and weaknesses presented 
in the previous chapter, the aim is to improve the 
strengths and minimize the weaknesses. This has been 
summarized in the ten points below, which hopefully will 
lay the foundation for an explicit approach that integrates 
Lean and environmental work, one which could be called 
the Green Lean approach. 

5.1.1. Create a distinct approach for Green Lean – 
Lean has been found to be a fairly practical approach, 
with distinct tools and a structured approach. This differs 
from the concept of environmental work that is more ab-
stract and lacking a distinct definition. Therefore, compa-
nies may choose to integrate environmental activities into 
their existing Lean concept. It is also possible to build a 
completely new approach from scratch, perhaps especially 
suited for companies that are not yet working with Lean.  

5.1.2. Optimize from a life-cycle perspective – Green 
Lean should be influenced by the environmental approach 
in the sense that the focus is broadened to include the en-
tire life-cycle. This may lead to sub-optimizations being 
avoided and a global optimization being achieved. This, 
in turn, can lead to cost savings and new business oppor-
tunities being identified. By ensuring a life-cycle perspec-
tive and exploring what creates value for the customer, 
the company may for example come to the conclusion that 
it is the function rather than the product itself that the cus-
tomer sees as value. A life-cycle perspective might also 
cause the company to realize that a product’s end-of-life 
phase may be profitable to manage. 

5.1.3. Create a distinct target image in which envi-
ronmental aspects are included – Combine Lean and 
environmental aspects into Green Lean, where the high 
degree of concretization is combined with the high com-
mitment that is often linked to environmental work. It 
would thus be apparent both how and why the work 
should be performed. 

5.1.4. Identify the function of the environmental ac-
tivities in the organization – The process approach of 
Lean facilitates the identification of value-creating activi-
ties, and makes it easy to link individual activities and 
practices to different parts of a product’s value. Each per-
sons or task’’s contribution to the production is clarified. 
The environmental work tends not to have the same ap-
parent linkage to the product and the value-creating ac-
tivities. One of the first steps companies should take to 
work with Green Lean is to identify the usefulness (or 
potential usefulness) of the environmental work in the 
business. 

5.1.5. Link the environmental work to the business 
results – Management often puts a lot of energy and 
commitment into issues that are strongly linked to finan-
cial performance. Through the interview study it was 
found that all four interviewed businesses considered the 
incentives to work with Lean as being strongly linked to 
the organization’’s finances. Environmental issues, by 
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contrast, have traditionally not had the same distinct link-
age to business results, and have therefore not been con-
sidered as a priority by the management. Issues that are 
prioritized by management are often perceived as impor-
tant by the rest of the company, which is confirmed by 
our interviews. To raise the interest for environmental 
issues in the organization as a whole, it is thus important 
that management shows an interest in the subject. A me-
thod to achieve this could be to link the environmental 
performance strongly to the business results. Environ-
mental indicators should be measured and monitored over 
time, and linked to the overall financial performance. 

5.1.6. Optimize as a whole – There is not necessarily any 
intrinsic value from a business perspective to convey an 
interest amongst employees for the environmental work of 
the organization. Visualizing the environmental impact on 
the company’’s finances could instead be a means to 
achieving the goal of an organization that is optimized 
from a holistic perspective.  Mapping the work and proc-
esses can provide information about which activities cre-
ate direct value, which parts do not directly create value 
but are useful for the rest of the organization, and what 
activities involve a cost but no real benefit. This allows 
for more efficient environmental work in a way that is 
beneficial to the company’’s overall work. 

5.1.7. Use the environmental work as a means of com-
petition – Lean’s positive impact on environmental per-
formance is something that has the potential to be used for 
marketing purposes or to improve a company’s reputation. 
Our view is that businesses are generally poor at commu-
nicating their work with Lean. By utilizing the sound en-
vironmental properties of Lean, it can also be used for 
marketing purposes. To do this in a credible way, it is 
important to be conscious about how the company’s envi-
ronmental work is linked to their work with Lean. 

5.1.8. Measure KPIs from a life-cycle perspective – A 
combination of Lean and environmental work, where 
adapting the Lean focus on measuring performance, and 
the focus of the environmental perspective on seeing 
things from a life-cycle perspective, would be advanta-
geous. This has the potential to increase the chances that 
the activities are seen from a holistic perspective, which 
in turn increases the chances that for example improve-
ment work is focused on areas where it will have the 
greatest impact. 

5.1.9. Clarify the environmental impact of the proc-
esses – In many situations it is difficult to intuitively un-
derstand how a process or the work of an individual af-

fects the environment, and how they or the process con-
tributes to the overall environmental impact. Without in-
vestigating this relationship clearly, it is difficult to take 
action in the daily work to improve the environmental 
performance. A step in the process towards improved en-
vironmental performance is therefore to clarify what im-
pact each process step has. To do this, the structured 
process approach and tools of Lean can be utilized. 
Through the use of various Lean tools, the processes are 
decomposed to a level that is more substantial and under-
standable. 

5.1.10. Take the ecological risk into consideration – It 
was noted earlier that Lean often pays little or no attention 
to ecological risk, which can lead to environmental as 
well as economic consequences. With the environmental 
perspective that allows environmental risk analysis it is 
possible to detect and prevent these risks. The risk of un-
anticipated costs related to environmental risks can thus 
be reduced. There are a number of methods which, de-
pending on the situation, may be more or less suitable to 
use. A company could use the process mapping from the 
Lean toolbox to identify risks on the basis of a series of 
specific distinct steps. It is, however, important that this is 
extended to include the entire life-cycle. Another sugges-
tion is to use Life-cycle analysis (LCA). As a complement 
or substitute to LCA, Environmental effects analysis 
(EEA) may be used. This allows for risk analysis even 
when quantitative data are not available. 

5.2. Reflection 

In light of the research conducted on the integration of 
work with Lean and environment aspects, the authors 
have high hopes that Green Lean has the potential to be 
the basis for the improvements that have been provided. 
That does not, however, mean that an uncritical stance 
towards the developed model has been taken. In the 
study, it has been discussed that the narrow focus of Lean 
would be seen as a weakness. However, this could also be 
seen from the opposite direction: that the limitations of 
the focus in traditional Lean can make it easier to concen-
trate on the present part of the life-cycle, and thus better 
identify improvement opportunities. Within the Green 
Lean-model the focus has been raised to include larger 
parts of the life-cycle, which could lead to the possibility 
of an in-depth review of the relevant part of the process 
being impaired. This is therefore a challenge with Green 
Lean, one which has to be overcome for the implementa-
tion and future work to be successful. 
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5.3. Future research 

This study has only dealt with companies that have 
some form of physical production. It would, however, be 
interesting to see how the Green Lean approach would 
function and which alterations would have to be made if 
it had been altered for application in a service-related 
business. 

Furthermore, it should be noted that the Green Lean 
approach developed in this study has not been scientifi-
cally verified and tested. The authors’ hypothesis is that 
the Green Lean approach has the potential to lead to both 
higher economic and environmental performance, com-
pared to when traditional Lean and environmental work is 
managed separately. This remains to be tested and veri-
fied or rejected. 
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