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Abstract: 
Due to an increase in energy price and pollution plus environmental regulations, companies start to adopt green 
policies. In fact, companies are encouraged by governments to develop strategies to achieve more sustainable 
operations. Based on this literature review the contribution of Lean Manufacturing on environmental perfor-
mances will be discussed, a survey of 50 different automotive companies based in Morocco, shows how they are 
carrying out manufacturing and environmental practices. The result of this study shows a positive impact of ad-
vanced Lean Manufacturing’s tools on the environmental performance and contribute to the present literature 
on environmentally friendly Manufacturing. The findings and proposals of this paper can be a beginning step for 
Moroccan companies to completely use their capability of environmental practices and improve their manufac-
turing productivity performance while identifying trends in organizational development.  
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INTRODUCTION 
In a context of high competition, companies aim to be 
more competitive to ensure their position in the market. 
Thanks to Lean Manufacturing companies have reduce 
their wastes efficiently and increase their profitability, 
however nowadays with new environmental concerns, 
companies start focusing also on sustainable develop-
ment to respect the actual & future legislation and adopt 
environmentally friendly policies. 
Many countries have started campaigns to promote sus-
tainable development framework insisting on use of recy-
cled material with reduced energy consumption. Morocco 
is one of the emerging countries that have adopted this 
strategy, whose primary objective is to accelerate the 
gradual transition to the global green economy, especially 
since the COP22 has been held in Morocco. 
On the one hand, Lean Manufacturing can be defined as 
doing more with less, based on the Toyota Production Sys-
tem, it focuses on eliminating activities that consumes re-
sources without creating value, called wastes. Russel & 
Taylor [1] define waste as anything other than the mini-
mum amount of equipment, effort, materials, parts, space 
and time that is essential to add value to the product. 
From the other hand, sustainable development is defined 
as meeting the needs of the present without compromis-
ing the ability of future generations to meet their own 

needs [2]. Sustainability and environmental issues are 
rapidly emerging as one of the most important topics for 
strategic business, management, manufacturing and 
product development decisions.  
However, there is a need to understand if Lean practices 
may lead to sustainable development. 
In our literature review, the relationship between one or 
some of the Lean practices and the environmental perfor-
mance will be analyzed with a focus on Moroccan auto-
motive industry. Regarding the outcome of this studies, 
most of them pointed out that there is a positive relation-
ship between Lean Manufacturing practices and the im-
provements in the environmental performance.   
 
LITERATURE REVIEW  
Lean Manufacturing is derived from the Toyota Produc-
tion System (TPS), whose founder is Taiichi Ohno [3], in 
our literature review, the contribution of these tools to 
the environmental performance will be studied. 
 
Lean Manufacturing 
The objective of Lean Manufacturing is to improve the 
performance of the processes by exploiting the methods, 
techniques, and practices already available to the manag-
ers of industrial production. Viewed from a more practi-
cal, more concrete angle, the approach is essentially 
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based on the active resolution of the recurrent problems 
of industrial production, whatever the field of activity. To 
achieve its goals manufacturing companies, use a variety 
of tools and methods of Lean Manufacturing. These are 
included in Table 1: SMED (Single Minute Exchange of 
Die), TPM (Total production, Maintenance), 5S, Poka-
Yoke, and others [4, 5]. 
 

Table 1 
Lean Tools 

Lean waste reduction tools and technique 

5S 
Value Stream Mapping (VSM) 
Kanban 
Kaizen 
Poka-yoke 
Single Minute Exchange of Dies (SMED) 
Total Productivity Maintenance (TPM) 

 
The concept, which allows the improvement of produc-
tion processes is Lean Manufacturing .The main objective 
is to eliminate of all waste generated on the production 
and consequently reduce the transit time of the material 
by the process known as lead time.  
Lean Manufacturing contributes on the reduction of man-
ufacturing costs and the increase of productivity as well as 
the reduction of the transit time from ordering to sending 
the finished goods to the customer. Taiichi Ohno, in his 
research [4] related to Lean Manufacturing, presented in 
Table 2 seven types of waste: overproduction, inventory, 
mistakes, quality defects, waiting, over-processing, un-
necessary transport and unnecessary movement. Cur-
rently, seven types of waste are enriched by yet another 
– untapped potential employee's [5, 6]. 
 

Table 2 
Type of wastes on manufacturing 

Form Description 

overproduction the waste of making too much too soon 
human  
resources 

not using people's minds and getting them  
involved  

transportation  
Do not unnecessarily move products  
or materials  

inventory 
All the access products and material that  
are not being processed  

motion 
 All movement of equipment not done  
in the easiest possible way  

corrections mistakes and errors that take time to fix 

over-processing 
Investing more into a product than customer 
values 

waiting 
idle production time where processes  
are not optimally synchronized  

Source: [7]. 

 
Environmental practices  
There are two types of Environmental practices: active 
(proactive or prevention) and passive (reactive or control) 
[8].  
Active practices mean all the practices that contribute to 
a change on the structure of the process and affect the 
use of more environmentally friendly resources [9], in or-

der to reduce environmental impact. The practices con-
tribute on reducing material use and avoid waste and re-
pairing costs , thus they constitute a value added for the 
company [8]. In this active approach, companies have 
added environmental objectives into their tactics and 
strategy [10]. 
On the other hand, passive practices involve the hole pro-
cess that perceives, catches, and disposes of the emis-
sions caused by the production process, without any 
structural interference [11]. those practices could be cat-
egorized as operational-level activities since they do not 
interfere in the organization structure. Ind addition, pas-
sive practices are in general required by external regula-
tion from the government, the market and repeated me-
dia exposure among others [8, 12].  
As explained before, passive practices resolve environ-
mental problems to follow the external regulations with-
out intervening in the structural organization, although 
active practices include environmental objectives that 
merge with the tactics and strategy of the company. 
Therefore, operational-level practices have a close rela-
tionship with a passive approach and tactical & strategic-
level practices with an active approach. Gonzalez-Benito 
[13] concluded that the integration of proactive measures 
at different levels and functions of the company will con-
tribute on the definition of the relationships between en-
vironmental and manufacturing practices. 
It is assumed that companies will improve their environ-
mental performance by applying these environmental 
practices. Carvalho et al. [14], States companies can 
achieve a bigger competitive advantage by making their 
businesses more environmentally friendly. By reducing 
environmental risks and impacts, environmental manage-
ment practices may improve the ecological efficiency and 
competitiveness of a company [15, 16]. 
 
Studies linking Lean Manufacturing and environmental 
performance 
According to King and Lenox [17] demonstrated Lean 
Manufacturing can reduce the pollution costs. Their hy-
potheses were confirmed by the result of their studies 
from 1991 to 1996 on some US companies: Lean Manu-
facturing have a positive impact on the environmental 
practices. 
Chiarini [18] analyzed five European companies that pro-
duce motorcycle components and use Lean and environ-
mental management. 
The environmental impacts of the production processes 
of the five companies were observed and assessed before 
and after the implementation of Lean tools: Value Stream 
Mapping (VSM), 5S, cellular manufacturing, Single Minute 
Exchange of Die (SMED) and Total Productive Mainte-
nance (TPM). 
The examination of the quantitative results shows that: 
VSM is used to map the environmental impacts of produc-
tion processes. 5S can help to reduce the oil leakage and 
improve waste management. Cellular manufacturing will 
lead to a decrease in electricity consumption. Further-
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more, TPM can help reducing several impacts of the ma-
chines, for example:  oil leakage, dusts emissions and 
chemical smoke into the environment 
Faulkner & Badurdeen [19] developed in the satellite dish 
industry a new concept called sustainable value stream 
mapping (Sus-VSM) methodology. VSM is one of Lean 
practices, this method has been used to improve produc-
tion system through process mapping. However, in their 
research, they have added environmental aspect for ex-
ample: time, energy, materials, and water. These aspects 
were integrated to the VSM. 
Despite VSM is a visual tool that identify waste in manu-
facturing processes, where the main objective is to know 
Lean oriented production practices and develop plans to 
improve future performance, this study [19] has inte-
grated economic, environmental, and social aspects of 
VSM with a focus on the manufacturing stage[20] Also, 
Pampanelli [21] proposed Lean and Green Model, this 
new model integrated the Lean thinking into environmen-
tal sustainability. The model used a Kaizen approach to 
improve energy flows in Lean Manufacturing environ-
ments. 
The model was designed for, and was limited to the cell 
level, which is the first entrance of a manufacturing busi-
ness that supports the principles of Lean thinking model. 
To validate this model, a major global engineering com-
pany that services the automotive and aerospace indus-
tries was taken as a case study in Brazil in 2011. 

The important results of their study were that the model 
reduced environmental impact of the production pro-
cesses and contribute on increasing the productivity as 
well as reducing resources use from 30 to 50% on average. 
In addition, there is a potential reduction of the total cost 
of energy flow in a cell by 5-10%. [22]. 
From the same perspective, Ng [23] presented a new met-
ric called “Carbon-Value Efficiency”. This approach is the 
result of integration the Lean and green manufacturing. 
Thanks to this method that was applied in a case study of 
metal stamped parts products , the results showed that 
Carbon-Value Efficiency can be improved by 36.3%, lead 
time has been improved by 64.7% and reduction in carbon 
footprint by 29.9% [22].  
In addition, Thanki [24], adapted an analytical hierarchy 
process method to examine the impact of some Lean tools 
(TPM, Kaizen and 5S) and green practices (ISO 14001, 3R 
and DFE) on overall performance of Indian SMEs. As a con-
clusion of his study, the most significant practice of Lean 
was total productive maintenance (TPM) and the most 
critical criteria for Leanness were On-time delivery/qual-
ity control. Furthermore, ISO 14001 was the most im-
portant green practice and a reduction in emissions/en-
ergy consumption were the most critical criteria for 
Greenness [22]. 
In the same context, Chiarini [18]; Vinodh [25]; Cherrafi 
[26] stated some Lean principles/tools and sustainable 
benefits of each one. This is cleared as shown in Table 3. 

 
Table 3 

Environmental benefits of Lean principles 

Source: [17, 22]. 
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The Environmental Protection Agency EPA [27] discussed 
a correlation between the seven Lean wastes and the en-
vironmental impacts they can create as shown in Table 4. 
 

Table 4 
Environmental impacts linked with type  

of manufacturing waste 

Waste type Environmental impact 

Defects 

Raw materials consumed in making defective 
products. 
Defective components require recycling or dis-
posal. 
More space required for rework and repair, in-
creasing energy use for heating, cooling, and 
lighting. 

Waiting 

Potential material spoilage or component dam-
age causing waste. 
Wasted energy from heating, cooling, and light-
ing during production downtime. 

Overpro-
duction 

More raw materials consumed in making the 
unneeded Products. 
Extra products may spoil or become obsolete 
requiring disposal. 

Movement  
and trans-
portation 

More energy use for product transportation. 
Emissions from transportation. 
More space required for work-in-process (WIP) 
movement, increasing lighting, heating, and 
cooling demand and energy consumption. 
More packaging required to protect compo-
nents during movement. 

Inventory 

More packaging to store WIP. 
Waste from damage to stored WIP. 
More materials needed to replace damaged 
WIP. 
More energy used to heat, cool, and light inven-
tory space. 

Complexity 
and over 
processing 

More parts and raw materials consumed per 
unit of production. 
Unnecessary processing increases wastes, en-
ergy use, and emissions 

Source: EPA [27, 28]. 

 
METHODOLOGIE OF RESEARCH  
Quantitative data method collection has been used for 
this study, the main objective of this research is to give a 
depth understanding of organizations in Morocco related 
to Lean Manufacturing and environmental performance 
[16]. This study includes 50 from automotive sector, more 
than 100 manufacturers were contacted. The choice of 
automotive industry was predetermined to confirm that 
companies have already used one or some Lean tools. 
The companies surveyed are in the region of Tangier and 
Kenitra in the north of Morocco where almost all automo-
tive company are located. 
 
 

Managers that inquired into manufacturing and environ-
mental practices inside their company were selected for 
data collection using open- ended surveys. 
Initially, all the respondents were interviewed to ensure 
the same understanding and comprehension of the study 
physical business characteristics such as company age Fig. 
1 (a) and size (number of employees) Fig. 1 (b) were also 
indicated [16]. 

 

 
Fig 1 Age (a) and Size (b) of manufacturing companies 

 
Due to the type of the study, a non-probabilistic purposive 
sample was used. 
Hence, this paper present empirical evidence about how 
manufacturing companies in the automotive sector in 
Morocco carry out production management and environ-
mental practices rather than attempt to draw statistical 
generalization from the results [16]. 
It should be specified that this study only focuses on the 
type of practices used and does not examine their imple-
mentation process. Fig. 1 outlines some interesting data 
from the sample. 
From this data we can notice that 90% of automotive com-
panies are under 20 years and only 10% are above, in fact 
the majority of companies have started their implemen-
tation when Renault automotive constructor has settled 
in 2008 and started their production in 2012 and after that 
with the establishment of second constructor Peugeot-
Citroen in 2018. For the size of companies, 74% have more 
than 250 of workers, this can be explained due to the type 
of industry which required a lot of workforce. 

 
RESULTS OF RESEARCH  
This part of the study shows the empirical results reviews 
the environmental and manufacturing practices found in 
the companies that were assessed. 

 
Manufacturing practices 
All the companies use one or more Lean Manufacturing 
tool, this is a singularity related to the automotive sector. 
As conclusion from the Fig. 2, the most used tools are 5S, 
Kaizen and Poka Yoke, these practices are easy to imple-
ment in companies and do not require a big investment, 
the results can be seen almost immediately.  
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Fig 2 Count of Lean Manufacturing tools in companies 

 
The least used tool is TQM, this result is due to common 
mix with the ISO 9001, that in general all automotive in-
dustries have this certification in addition to ISO IATF, it’s 
an interesting starting point for total quality, while it does 
not fully cover the principles of TQM, it nevertheless facil-
itates the adoption of new compatible points of view. 
Advanced manufacturing practices can be illustrated as 
the activities settled or the processes approved by a com-
pany to achieve its objectives by implementing well-
known manufacturing tools. These manufacturing prac-
tices include manufacturing resource planning, flexible 
manufacturing systems, group technology, total quality 
management (TQM), just-in-time delivery (JIT), Lean pro-
duction (LP), concurrent engineering, continuous im-
provement, etc. [16]. From our data, we identified which 
companies apply five or more manufacturing practices 
and classified them by company size in Fig. 3.  
 

 
Fig. 3 Manufacturing companies 

 
From company size perspective, large companies (89) are 
more committed applying advanced manufacturing prac-
tices than the smaller companies did. The logic here is that 
large companies need a common framework to spread a 
shared corporate culture for continuous improvement 
practices.  
 
 
 
 
 

Note that there is a directly proportional relationship be-
tween company size and the use of advanced manufactur-
ing practices [16]. 
 
Relation between Lean and environmental wastes   
Fig. 4 shows the types of wastes, the most three im-
portant wastes that were raised are defects, unnecessary 
movement and waiting, based on the EPA [27], defectives 
parts generate a consumption of raw materials and re-
quire recycling or disposal, if they will be repaired they will 
require more energy and space for rework. 
Waiting can cause potential material spoilage and damage 
generating wastes and require recycling or use of energy 
during production downtime, unnecessary movement will 
require more energy use.  
The prediction based on this is that the consumption of 
raw materials, the use of energy, waste generation and 
recycling will be the most important environmental 
wastes on these companies.  
To confirm our hypothesis, the Fig. 5 shows the environ-
mental wastes, the excessive use of energy and waste 
management are on the top, a correlation between the 
type of Lean wastes and the environmental ones can be 
deduced. 
 

 
Fig. 4 Count type of wastes in companies 

 
 

 
Fig. 5 Count of environmental wastes of companies 
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Relationship between manufacturing and environmen-
tal management practices 
King and Lenox [17], admit the existence of potential com-
plementarities between manufacturing and environmen-
tal practices, and thus companies should consider apply-
ing these practices in parallel. 
According to Yang [29] environmental management is 
partially an extension of advanced manufacturing prac-
tices, continuous improvement, and supplier manage-
ment because a significant segment of environmental 
programs is based on the pillars of manufacturing prac-
tices [16].  
In this situation, it is accepted that companies with ad-
vanced manufacturing practices have established a dura-
ble active participation in environmental management 
within their organizations, and vice-versa [13].  
In this case study, Fig. 6 shows that 80% of companies with 
advanced manufacturing practices have developed tacti-
cal and strategic environmental management practices 
(i.e., active environmental approach). In addition, 100% of 
the same companies (i.e., companies with advanced man-
ufacturing practices) have operational environmental 
practices. Note that a company could apply operational-
level practices, tactical and strategic-level practices at the 
same time [16]. 
 

 
Fig. 6 Environmental practices with Lean Manufacturing prac-
tices in companies 

 
These results show that companies with advanced manu-
facturing practices present a more proactive approach in 
environmental development regarding other companies. 
That is, 80% of these manufactures have developed tacti-
cal and strategic practices inside their companies, while a 
large majority apply operational-level practices [16]. 
The Fig. 7, shows number of responders related to the im-
pact of Lean Manufacturing on environmental perfor-
mance.  
 

 
Fig. 7 Relation Between Lean Manufacturing and environmen-
tal performance 

 
The majority 70% acknowledge the positive contribution 
of Lean Manufacturing towards environmental perfor-
mance. The respondents’ opinion leads to a conclusive re-
lationship between the two concepts. On the one hand, 
the interviewers admit that the evolution of both con-
cepts is linked and correlated. Although they may share 
some disparity in focuses, because one being on produc-
tion/service optimization in a cost-effective manner and 
the other being on environmental improvement, with a 
much deep approach than just the economic benefit. 
On the other hand, they think there is a relation between 
the practical output they generate both concepts. Re-
spondents believe in the existence of synergies between 
Lean Manufacturing and environmental performance but 
there is mixed while it comes to link the seven wastes of 
Lean Manufacturing and environmental performance 
[26]. 
The Fig 8 shows the relation between the responses of in-
terviews and the existence of active environmental prac-
tices in their company.  
 

 
Fig. 8 Relation between Lean Manufacturing and active/pas-
sive environmental practices 
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The organizations with actives environmental activities 
are more likely to believe (83%) in the relation between 
the Lean Manufacturing and environmental performance. 
However the rest (53%)of the interviewers does have ac-
tives environmental performances still believe that there 
is no relationship , this can be explained as these findings 
are also consistent with the study by D'Amico [30], which 
argues that there is a low level of disclosure of environ-
mental information by company employees because of in-
correct environmental management inside companies 
[16]. 
The implementation of actives practices such as environ-
mental department, helps companies to better work with 
collaboration of engineering department and continuous 
improvement department to relate the application of 
Lean Manufacturing tools on the environmental perfor-
mance. 
 
DISCUSSION  
The automotive industry is playing an important role in 
the economy of Morocco and providing employment op-
portunities and better conditions of work. The study ex-
plains whether Lean Manufacturing influences environ-
mental performances in Moroccan automotive industry 
or not. The findings reveal significant positive effects of 
Lean Manufacturing on sustainability benefits. These re-
sults give the evidence that Lean Manufacturing can be 
explored for achieving the sustainability [31]. 
The result of the survey also agrees with most of the liter-
ature, which indicated a positive relationship between 
Lean Manufacturing and environmental performance [17, 
18]. 
The positive relationship of Lean Manufacturing and envi-
ronmental performances is already established from the 
previous works [16, 23, 26] which this study further con-
firms in Moroccan automotive companies. The findings 
acquire greater significance, as Morocco is one of the de-
veloping countries in which automotive companies are 
playing a crucial role, and where government authorities 
are promoting sustainable development. 
The findings in this paper are crucial and relevant than the 
earlier works conducted in this field precisely because 
Lean Manufacturing has a positive link towards the social 
benefits [31]. 
Based on the previous studies and both Tables (3 and 4) 
presented above, the conclusion regarding the impact of 
Lean Manufacturing on environmental performance [32] 
as shown in Table 5. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 5 
Effect of 7 wastes Lean on environmental Performance 

Lean  
waste 

Impact Benefit 

O
ve

rp
ro

d
u

ct
io

n
 

Perform a task that does 
not meet any demand 
or customer require-
ment. 
Generate extra waste 
and emission. 

Without overproducing 
the consumption of en-
ergy and the use of raw 
material will be reduced 
as well as the generation 
of overstocks that can 
became wastes 

O
ve

r-
p

ro
ce

ss
in

g Over-processing leads 
to use extra parts and 
raw material to produce 
the same part, generat-
ing more waste and en-
ergy consumption 

Improving processing to 
use the necessary mate-
rials for production con-
tribute on reduction of 
wastes and emissions 

W
ai

ti
n

g 

Waiting contribute to 
over-use of energy such 
ass electricity and heat-
ing can cause damage 
for some special part. 

Reduce lead time which 
will contribute to a bet-
ter energy use 

Tr
an

sp
o

rt
at

io
n

 

transportation leads to 
extra consumption of 
energies and therefore 
extra emissions 

Optimizing transporta-
tion leads to reduction 
cost and less energy use 

In
ve

n
to

ry
 

A bad inventory can 
generate outdated and 
non-conforming parts 
that will become wastes 
and should be thrown in 
addition of having big in-
ventory demand the use 
of additional energy. 

by having less product 
inventory sitting around, 
organizations can use 
their plant space more 
efficiently (saving heat-
ing and cooling de-
mands) whilst also con-
suming less packaging 
and raw materials, 
Lower levels of inven-
tory also reduce the risk 
of waste due to obsoles-
cence and undiscovered 
defects 

D
ef

ec
ts

 

Defects parts generates 
wastes and demand the 
use of extra energy or 
material for repair or 
new production. 

minimizing product de-
fects means organiza-
tions are using fewer 
raw materials to manu-
facture products, which 
equals less energy con-
sumption 

M
o

ti
o

n
 

motion requires more 
space increasing heat-
ing, cooling, and lighting 
demands, it can also in-
crease the time to pro-
duce a product resulting 
in increased energy re-
quirements 

reducing any effort of 
lifting things unneces-
sarily or the needing to 
walk an excessive dis-
tance back and forth to 
find tools or complete a 
task means organization 
will use less energy 

Source: [32]. 
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CONCLUSION 
After examining the relationship between Lean Manufac-
turing and its impact on environmental performance 
some important conclusions can be summarized.  
Not only most of these studies confirms the relationship 
between one or some of the Lean practices and the envi-
ronmental performance. In addition, these studies were 
applied to different business environments. Among these 
environments are USA, Europe, India, Brazil and Spain. 
Even though, Lean tools are nowadays considered stand-
ard tools. However, the study shows that these tools con-
tribute to reduce costs as well as to help companies to be 
environmentally friendly. 
With the ever-increasing energy demand, energy costs 
will evolve in the future and regulations will be stricter. 
Only factories committed to green will overcome these 
changes. It is therefore becoming increasingly important 
for the companies to assess their energy consumption 
through regular audits and to adapt sustainability. 
When these tools and techniques are used correctly, they 
will have a positive and widespread impact on the profits 
of companies after their implementation.  
The survey contribution done in Moroccan automotive in-
dustry represent a beginning stage  for new studies that 
can be done in Morocco in other industries, similar re-
search are necessary to expand the current manufactur-
ing theory into a more integrated approach on resource 
productive manufacturing.  
Thanks to data collection from the semi-structured inter-
views realized with a group of companies, this study has 
established and investigate the manufacturing and envi-
ronmental practices within automotive factories  
In this study, different aspects (i.e. size, manufacturing 
practices and environ-mental practice level) were used to 
classify and determine  the actual status of environmental 
management in the manufacturing field in a region which 
can be considered representative of the most advanced 
regions in Morocco. 
This study is a starting point for future research’s in the 
same region and contributes to the actual discussion in 
the literature on environmentally friendly manufacturing 
by demonstrating that companies could efficiently engage 
in proactive participation in environmental management 
inside their organizations if they use advanced manufac-
turing practices . 
Conclusively, although this study brings some evidence re-
garding environmental management withing manufactur-
ing companies, future studies should consider other 
methodologies that contribute on the adoption of proac-
tive environmental activities. Researchers and academics 
should continue investigating the interrelationships be-
tween the practices described in this paper.   
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