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Nowadays, Lean Manufacturing, Industry 4.0, and Sustainability are important 
concerns for the companies and, in a general way, for the society, principally, the 
influence of the two production philosophies, Lean Manufacturing and Industry 4.0, 
in the three main pillars of sustainability: economic, environmental, and social.

To better understand the relation between these production approaches and the by 
different sustainability’s criteria, it will be presented a study based on a structural 
equation model, with six hypotheses, to quantitatively measure the effects of Lean 
Manufacturing and Industry 4.0, in Sustainability.

These results can contribute as an important decision support for the industrial 
companies and its stakeholders, even because some results diverge from 
mainstream opinion.
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I. Introduction

At present, Lean Manufacturing (LM), Industry 4.0 (I4.0), and Sustainability are important concerns for
companies and in a general way for the society. The influence of the two production philosophies, LM and
I4.0, in the three main pillars of sustainability—economic, environmental, and social—for industrial
companies situated in Iberian Peninsula (Portugal and Spain) is the main objective of this work.

More precisely, the principal reasons and motivations to develop this study are related with:

(1) There is no existing study using the structural equations modeling technique for both production
philosophies (LM and I4.0) and the pillars of sustainability;

(2) because the knowledge of these potential correlations can influence important decisions for the
industrial companies and its stakeholders.

In fact, the topic of this work concerns all parts of society minimally affected by the outcomes of LM and,
more recently, with I4.0. In relation to this, the uncertainty is large, and few concerns are now appearing
from different sides of the society, e.g., related with the future of the employment.



I. Introduction

Lean Manufacturing (LM)

Lean manufacturing (LM), or lean production, in time philosophy, Toyota
production system, or more often just “Lean”, is a philosophy which considers
the utilization of resources for any goal with value creation for the end consumer.
It targets the elimination of wasteful activities involved in the value system [1,2].

LM is supported by a set of well-known tools to operationalize its goals, either at
a strategic level or at an operational level, and the basis of the philosophy
considers the human being as an import issue in all its decisions.

Unfortunately, nowadays the companies that introduce LM practices tend to
forget this human aspect, and principally focuses on waste reduction, a side that
has brought well known results for the production systems.



I. Introduction

Industry 4.0 (I4.0)

The Industry 4.0 or I4.0 for short [3–6], is starting to revolutionize communities requiring a significant
upgrade not just in terms of technology. With the advent of exponential technology and high speed and big
data processing capabilities, high levels of digitalization regarding all kind of processes in companies are
also required.

These processes have to become supported by appropriate infrastructures, such as: IoT, IIoT, RFID, CFS,
and Cloud, [3–10] along with additional fitting hardware and software means for enabling a full vertical and
horizontal integration of all companies’ functions, from the administrative level down to the shop floor.

Additive manufacturing [9] and collaborative robots [11], for instance, are expected to play a crucial role in
this direction, but also suitable organizational structures and business models, and along with appropriate
production and decision methods and supporting tools are going to be necessary to enable a successful
ingress on I4.0.

Moreover, according to [6,12] the principles of Industry 4.0 are the horizontal and vertical integration of
production systems driven by real-time data interchange and flexible manufacturing to enable customized
production.



I. Introduction

Sustainability

The concept of sustainability has received increasing global attention from the public, academic,
and business sectors. The World Commission on Environment Development (WCED) defined
sustainable development as “development that meets the needs of the present without
compromising the ability of future generations to meet their own needs” [14].

Putnik and Ávila in their special issue of governance and sustainability [15] reinforce the
importance of the theme and even give the character of ubiquity in the word ‘sustainability’.

Nidumolu et al., in 2009 [16] explains why sustainability is now the key driver of innovation
according with their study of sustainability initiatives of 30 large corporations.

Almeida et al., in 2016 [17] says even that it is common to ignore the interdependence of the
sustainability pillars for short periods of time, but history has shown that before long, mankind is
reminded of it through some types of alarms or crisis.



II. Literature Review

Lean Manufacturing and Sustainability

Several organizations have successfully achieved better results and higher
competitiveness through LM implementation; however, others have not, as they
were unable to sustain medium- and long-term results [26].

Companies that have adopted LM to improve their results also want to be seen
as socially responsible. Sustainability is considered the new LM frontier [27].
Productivity and cost-saving are necessary for the economic survival of
organizations.

However, these tasks should be achieved in a sustainable way, by mitigating
negative environmental and social impacts and contributing to a sustainable
society [28].



II. Literature Review

Lean Manufacturing and Sustainability

Influence of Lean Manufacturing in Economic Dimension



II. Literature Review

Lean Manufacturing and Sustainability

Influence of Lean Manufacturing in Environmental Dimension



II. Literature Review

Lean Manufacturing and Sustainability

Influence of Lean Manufacturing in Environmental Dimension



II. Literature Review

Industry 4.0 and Sustainability

It is expected that I4.0 will drive companies, for instance industrial
ones, to more favorable economic situations, though massive
savings to be reached by reducing operators or manpower, by
saving energy, and by doing work effectively and efficiently, and by
reducing production time and improving productivity, among other
beneficial situations [11,40,55,56].



II. Literature Review

Industry 4.0 and Sustainability

Influence of I4.0 in Economic Dimension of Sustainability
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II. Literature Review

Industry 4.0 and Sustainability

Influence of I4.0 in Environmental Dimension of Sustainability



II. Literature Review

Industry 4.0 and Sustainability

Influence of I4.0 in Social Dimension of Sustainability



II. Literature Review

Main Remarks from State-of-the-Art Research

The main remarks that should be pointed out are the following:

• The first remark is that none of the researchers in their works did
cover all the considered main influence criteria exposed in Tables
1–6;

• The second remark is that none of the works analyzed treats this
subject through SEM;

• The third remark is that some criteria’s influence are more
considered than others, namely, for few of them were not found any
reference.



III. Research Model

General Model



III. Research Model

Survey and Data Collection



III. Research Model

Survey and Data Collection

The survey was applied in industrial companies located in Portugal
and Spain, and it was collected 252 validated answers in a total of
306 answers obtained.



IV. Evaluation Model
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V. Results Discussion and Practical Implications

Practical Implications

In terms of practical implications for the companies and their
stakeholders, this study assures:

• that it is not confirmed that LM is related to Sustainability, when
faced with a decision-making process to implement LM.

• the existence of relation between I4.0 and Sustainability, meaning a
stronger knowledge to further decide about I4.0 implementation
and its implications in sustainability.



VI. Conclusions

As a global conclusion, the results obtained through the study
carried out enable to state that exists a relation between I4.0 and
Sustainability, and a not confirmed relation between LM and
Sustainability.

These conclusions can contribute as an important decision support
for the industrial companies and its stakeholders, even because not
all the results are in line with other opinions and studies.

Moreover, this can mean that companies have now a stronger
knowledge to further decide about the implementation of LM and
I4.0, and its implications in Sustainability.



VI. Conclusions

The results of this study are limited by the region object, in this case
the Iberian Peninsula, and for industrial companies. For that reason,
further studies should consider other countries.

Also, because social sustainability is an important concern for the
future of society, namely, concerning the influence of I4.0, more
variables will be considered in the presented model to evaluate more
deeply its influence in the ambit of social sustainability.
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