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Abstract

The decline of environmental sustainability is undoubtedly one of the biggest problems, if not
the most severe one that threatens our planet. In the past decade, to overcome this global issue,
industries were regulated, events and conferences were organized, objectives have been made,
but the high cost of green practices and the massive increase rate of production made all these
efforts insufficient, in the other hand, the fourth industrial revolution could potentially provide
suitable solutions to achieve high environmental sustainability. The question that could be
raised herein is; are the firms planning to align Industry 4.0 with environmental sustainability?
The present research contributes to the environmental sustainability literature by studying the
vision that companies in Europe have on Industry 4.0 and the main objectives that they want to
achieve from this transformation. Furthermore, relying on a statistical study, the research iden-
tifies the differences between large companies and SMEs in Europe, when it comes to the in-
corporation of environmental sustainability objectives within their Industry 4.0 strategy.

Keywords: Environmental sustainability, Industry 4.0, Large companies, SMEs
JEL Codes: Q56, 014

1. Introduction

The Industry 4.0 remarking the new era of industrial production, the roots of Industry 4.0 are
driven from the time when the manufacturing process was depend totally on human and animal
physical force, the transition from this situation into machinery, new chemical factories and
iron manufacturing processes, development of waterpower, maximizing the use of steam
power, and finally the development of machine tools is considered as the first industrial revo-
lution. The iron and textile sectors presented crucial roles in the first industrial revolution as
well (Mohajan, 2019). The second revolution was shaped due to the invention of many new
technologies, such as the internal combustion engines, electricity, the chemical industries, al-
loys, petroleum, and other electrical communication and chemicals technologies (the telegraph,
radio, and telephone), and running water with indoor plumbing (Gordon, n.d.). Followed by the
third revolution which is best seen as the combination of digital manufacturing and personal
manufacturing: the industrialization of the Maker Movement, the concept “third industrial rev-
olution” refers to a comprehensive upheaval, which was already referred to by other authors as
an “efficiency revolution”, “green capitalism” and a fundamental transformation towards
“green industrial revolution” (McKinsey, 2011). The most important question that could be
raised here is why even if the third industrial revolution was a promising movement to help the
organizations to adopt green practices and reduce the fingerprints on the environment; the re-
sults seem to be the exact opposite? In the last couple of decades, industrial activities have
harmed the environment like never before, according to Donovan Alexander in 2020, human
activities are the main cause of hundreds of extinctions in the last two centuries, versus the
millions of years that natural extinction occurred. As we progress through the 21st century,
human activities have changed the world in unprecedented ways. Industry 4.0 can play a major
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role to balance the cost/reward of the engagement in environmental sustainability if it is pre-
sented in the “right way”. Transforming the traditional factories into a smart production chain
and business processes and deploying smarter devices and machines may present numerous
advantages such as manufacturing productivity, resource efficiency, and waste reduction
(Tortorella—Fettermann, 2018). On the other hand, the development of smart factories and au-
tomation will potentially results a high increase rate of production that would be associated with
a high level of energy consumption and resource as well as elevated gas emission and pollution
(Beier et al., 2017; Liu—Bae, 2018). What can be concluded is that Industry 4.0 is a powerful
tool that might support organizations to meet global environmental restrictions without missing
the internal financial objectives, to achieve that, several papers and studies have to be made to
highlight the potentials of industry 4.0 in this context. Therefore, this article provides quantita-
tive research to examine the current perspectives and aspirations of companies In Europe that
they expect from Industry 4.0, also the paper examines the correlation between the size of com-
panies and the expected outcome of the investment in Industry 4.0.

2. Methodology

Is it clear that the Industry 4.0 can potentially provide high technological facilities that can
contribute to achieve environmental sustainability, the study aims to assess the differences be-
tween SMEs and large enterprises regarding the underlying reasons when investing in industry
4.0 in Europe. The main objective is to find if there is more tendency to invest in industry 4.0
to achieve environmental sustainability depending on the size of companies. In order to achieve
the research objective, the following methodology has been adopted:

Step 1: Questionnaire preparation

At the beginning of the questionnaire, the participants were asked if they are users of industry
4.0, the next question is always according to the previous answer, for example, if they answer
NO, the next question is, do you think of investing in industry 4.0 in the future? If the answer
is still no, the survey ends, if it is yes, then they will be asked about the challenges and the
reasons why they want to invest in it (the part that we are interested in). to study the objectives
that they would achieve from this investment, the underlying reasons questions were operation-
alized using 6-point Likert scales, from 0 (not interested in this objective) to 5 (one of the main
reasons of the investment).

The participants were not asked personal questions or questions about their company,
since all the relevant information are available in the database that will be explained in detail in
the next step, the only mandatory question is to provide their email to correspond it with the
related person in the database. The link to the questionnaire can be found at the end of the
article.

Step 2: Emails and raw data collection

The data collection process was made with the help of freelancers through the website Fiverr,
the method used to collect the emails and the requested information is called lead generation,
in which the data is collected from LinkedIn or the official website of the companies. The cri-
teria that have been followed for the collection of emails are that the Location of the companies
should be UK — Germany — France, and Netherlands. These countries have been chosen for the
fact that they are considered leaders in Europe and first investors in industry 4.0. The Email
owner should occupy one of the following positions: Production manager — Plant manager —
Supply chain manager — Logistics manager — IT agent — CEO (only for SMEs). The data con-
tained the following information: The company name — Location — Industry — Name of the
email owner — Position — Email — LinkedIn — Employees number. The sheet contained more
than 1000 emails.
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Step 3: Mails sending

Since there is a huge amount of data, the mails sending was automated relying on a website
called Integromat, in which you can enter an algorithm (scenario) that will be executed by the
website. The variables that were changing in each mail are the name of the contact and his
position. The mails were sent between the 1% and 25 of July 2021.

Step 4: Data collection and analysis

The data were collected via google form in which we received 206 answers with a response rate
of 18%, which can be seen as low, but taking into consideration that none of the participants
were contacted prior to the survey, the response rate is acceptable. The data analysis and inter-
pretation were made through SPSS.

3. Results

From the 206 answers, 117 considered as large companies 57% and 89 are SMEs 43%. The
responders’ positions are 47% Supply chain managers, 16% IT managers, 12% Logistics man-
agers, 11% CEO, 10% plant managers and 4% others. For the company’s location: 38% Neth-
erlands, 29% Germany, 14% UK and 19% France.

The results show a high interest in investing in the industry 4.0 for large companies com-
pared to SMEs as the pie charts below show larger.

In our research, we are studying the differences between SMEs and large companies when
it comes to the objectives of investment in the Industry 4.0. If the responsible of a company
answer with yes to the question “Do you consider your company as a user of Industry 4.0? “Or
the question “Does your company have any plan to invest in Industry 4.0 in the future?” (If the
answer of the first question is no), then the participant will get a set of choices that represent
the potential reasons to invest in the 14.0, the participant should rate each answer from 0 to 5.
The list contains 13 choices, only 5 answers are related to environmental sustainability, these
answers were distributed randomly with the other choices, for example: Improve reverse logis-
tics (reproduction of used goods, return of packaging...). Then the mean of the 5 questions was
calculated to get one ordinal variable (dependent variable) that we will base our study on.
According to Bruce Weaver and Karl L. Wuensch, correlation won’t answer the researcher’s
question when they want to examine the differences between two groups in a given situation,
in our case, we want to examine if the size of the company affects the underlying purposes to
invest in the industry 4.0. The mean comparison is the most suitable method in this situation;
we have chosen the T test to analyze our results.

Group Statistics

Size N Mean Std. Deviation Std. Error Mean
Sustainability SMEs 63 2,4032 0,60614 0,07637
Large companies 82 3,3232 0,87819 0,09698

We can see that the valid answers for SMEs are 63 and 82 for large companies, these are
the companies that consider themselves as users of Industry 4.0 or they are planning to invest
in it in the future. We can already notice that the “mean” of the large companies is larger than
the SMEs with 0.92 which is significant, and there is a high difference in the standard deviation,
which means that the variations of our two groups might be different. Let’s look at our T test:
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Independent Samples Test

Levene's Test for Equality of
Variances tHestfor Equality of Means
95% Confidence Interval of the
Mean Std. Error Differencs
F Sig 1 df Sig. (2-tailed) Difference Difference Lower Upper
Sustainability  Equal variances 11,380 001 712 143 000 -,92000 12935 -1,17569 - 66430
assumed

Equal variances not -7.483 141 512 000 -,52000 12344 -1,16402 - 67507
assumed

First, we must verify our null hypothesis which is the variances of the two groups are
approximately equal, we can verify that with Leven’s test equality of variances, we set our level
of significance to 0.05. As we can see in the table, the significance level is lower than 0.05,
which means that we will reject the null hypothesis and assume that the variances are not equal.
Relying on these results, the second line of the table “Equal variance not assumed” will be taken
into consideration.

According to our tables, we can see that there is a significant difference (t (141.512) = -
7.453, p <0.05) in the score with the mean score for large companies (M = 3.3232 / SD=
0.87819) was higher than SMEs (M = 2.4032 / SD = 0.60614).

The magnitude of the difference in the means (Mean difference = 0.92, 95% CI: -1.16402
to -0.67597) was significant. Hence, we can accept our hypothesis that the large companies
include environmental sustainability goals within their strategy when it comes to investing in
Industry 4.0.

4. Conclusion

Our study reveals several results regarding the investment in Industry 4.0 in Europe, the first
thing is that, unlike the theory and the advertisements, companies are still facing multiple chal-
lenges to include new technologies in their strategy, especially for SMEs with a rate of 36%.
Furthermore, most of the SMEs who are investing or interested to invest in Industry 4.0 have
no interest to achieve any environmental sustainability, the main questions that could be raised;
are this technological revolution will create a bigger gap between the large companies and
SMEs? Can the SMEs keep up with the new EU regulations regarding their fingerprints toward
the environment?
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