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Abstract: There is an increasing interest in sustainability practices for organizations. Organizations
act sustainably when they support the three dimensions \of the triple bottom line. Industry 4.0
(I40) promises to afford organizations to act sustainably. However, few empirical pieces of research
targeted the impact of I40 on the social, economic, and environmental dimensions of sustainability.
Our investigation considered the adoption of I40 in a manufacturing company which we analyzed as
a single case study. We describe the level of I40 adoption and the process through which the unit has
adopted them. Our case confirms that I40 applications support the triple bottom line through the
improvement of productivity and product quality (economic), continuous energy consumption
monitoring (environmental), and safer work environment and less intense work-load and job
enrichment (social). We contribute to the literature by identifying two trajectories of interaction
among the three dimensions of the triple bottom line in the shift from a traditional manufacturing
company to a knowledge-intense organization. In the trajectories found, the three dimensions of
sustainability influence and reinforce each other.

Keywords: Industry 4.0; organizational sustainability; triple bottom line; smart factory

1. Introduction

Owing to the rising global population, climate change, pollution, and the scarcity of natural
resources, sustainability has become a fundamental orientation for today’s organizations [1].
Organizations act sustainably when they simultaneously support all the dimensions of the triple
bottom line (TBL)—ecological, social, and economic [2,3]. Sustainability is one of the drivers of
Industry 4.0 (henceforth I40), an industry initiative that through the adoption of digital technologies
on the assembly line is changing traditional factories into smart factories [4,5]. While research has
addressed the environmental sustainability of I40 applications [6,7], researchers paid little attention to
how I40 simultaneously addresses all the dimensions of the triple bottom line [8,9]. Further research is
also needed to analyze the “ . . . interplaying and partly conflicting relationship of the triple bottom
line dimensions . . . ” in the context of I40 [10].

Our investigation considers an in-depth single case study on a manufacturing organization
producing sanitary ceramics in a smart factory adopting I40 technologies. Analyzing this case, we
explore the trajectories of interaction among I40 technologies and the TBL dimensions, answering the
following research questions: (i) “How does I40 support the sustainability dimensions in the TBL?”;
and (ii) “Which interactions among the three dimensions does I40 support?”

The remainder of the article is organized as follows. Section 2 is devoted to the related literature
regarding organizational sustainability and I40. The section also highlights the current gaps in the
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investigations of sustainability in I40. Section 3 introduces the research design. Section 4 illustrates
the single case study analysis. Section 5 illustrates the results of the case analysis discussing them
regarding sustainability and the interaction among the TBL dimensions and I40. The article concludes
in Section 6, proposing implications both for research and practice.

2. Related Literature

Our work is framed within the concept of sustainability and develops on the literature discussing
I40 applications, and the sustainability potential of I40 applications.

2.1. Sustainability

The United Nations World Commission on Environment and Development first introduced the
sustainability concept in 1987. In that year, the commission defined sustainability as an economic
development model that allows to “meet the needs of the present generation without compromising
the ability of future ones to meet their own needs” [11]. Sustainability is a multi-dimensional concept
encompassing environmental, social, and economic dimensions. Such dimensions form the TBL view
of sustainability (as shown in Figure 1) [2,3].
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Figure 1. The triple bottom line [12].

The environmental dimension of the TBL focuses on the compatibility between the trend of
use and renewal of resources in nature. Referring to organizations, this dimension is manifest in
the attitude of consuming just the natural resources that can be reproduced from nature, as well as
producing emissions that can be absorbed naturally by the existing ecosystem. This dimension is
achievable through recycling and regeneration of resources, redesign of processes and products to
minimize resource usage, replacement of non-renewable with renewable resources, and adoption of
models of the circular economy [13,14].
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The social dimension of the TBL refers to the organizational attitude to preserve and develop
human and social capital of communities within which organizations operate to create value [15].
Social sustainability encompasses aspects like job satisfaction, quality of life, social integration in
communities, solidarity, equity and justice in the distribution of goods and services, and equal
opportunities in education [10,16].

Lastly, the economic dimension of the TBL refers to the organizational attitude to create value
and to balance costs and revenues in the production and distribution of goods and services [17].
The economic dimension of the TBL is concerned with economic and financial performance dimensions
of the organization.

These three dimensions interact, overlap, and sometimes conflict. As a matter of example,
environmental sustainability could be detrimental to economic sustainability due to the extra
investments needed for cleaner production processes. However, organizations need to act holistically
to pursue all of them. Each dimension represents a necessary, but not sufficient condition for
achieving sustainability: when organizations do not support one of these dimensions, they do not act
sustainably [12,17,18]. Even though organizations mostly succeed in having synergies between the
environmental and the economic dimensions of sustainability, they are still struggling to address the
TBL [10,19].

2.2. Industry 4.0

I40 is an initiative target at innovating production processes in industries which promises to
improve sustainability in organizations. I40 applications employ a mix of leading-edge technologies to
innovate assembly lines [4,5,7]:

• Internet of Things (IoT): when we connect machines equipped with sensors and actuators to
the internet, we have the IoT. Internet-connected machines can then generate, process, and
communicate data in real-time, either to humans or to other machines.

• Robotics: robots are devices that can autonomously perform gestures or movements. Robots can
be mechanical arms or self-moving machines. Robots are designed and programmed to perform
any desired manipulation tasks (e.g., modeling, welding, gripping, spinning). Robots can be
autonomous in their operation, or collaborative with humans.

• Big Data and analytics: this term indicates the overwhelming and unstructured amount of data
generated by I40 technologies within the organization. These data are stored on servers through
cloud computing technologies [20], and are analyzed with business intelligence, machine learning,
and analytics software.

• Cloud computing: it is a set of technologies that offer organizations of IT infrastructures
capabilities as a service through the Internet. Cloud computing promises several advantages
concerning costs reduction, scalability, and flexibility [21].

• Additive manufacturing: it is commonly also called 3D printing. Additive manufacturing allows
producing high-quality physical objects by adding material rather than by mechanically removing
material from a solid block. Additive manufacturing can be used with a wide range of different
materials (e.g., plastics, metals, composite materials).

In I40 these technologies are used on the assembly line to form cyber-physical systems, where
they generate real-time data about the actions performed on production processes and make these data
available within the organization [22]. These technologies are used to create advanced manufacturing
solutions of modular and interconnected systems that offer great flexibility and performance.

Several scholars pointed at I40 as a means for organizations to support the TBL and explored how
I40 support individual dimensions of sustainability. I40 improves organizational productivity and
ameliorate work environments passing part of the hard-muscular work to machines [4,23]. I40 creates
new and sustainable business opportunities, shortening the time to market, and increasing production
flexibility and efficient use of resources [24,25]. Finally, I40 adoption also creates positive externalities
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as it encourages safety and sustainable organizational practices outside of the organization adopting
it [26].

On the other hand, scholars also stressed the negative impacts of I40. From an environmental point
of view, organizations will employ more technologies and large data center within the organization
exploiting more electricity and natural resources with a resulting increase in pollution [25]. Still, from a
social point of view, since part of the activities—including decision making—passes from the workforce
to machinery, I40 may eliminate several job roles [5,27,28].

2.3. Sustainability in Industry 4.0

There is an initial understanding of the relationships between I40 and sustainability. Table 1
shows the details of a literature search we performed over the SCOPUS database of indexed scientific
publication to review literature discussing the sustainability of I40. To enlarge the number of potential
sources found we also included the keywords internet of things, smart factories, and cyber-physical
systems (and their variations) in the query since researchers often used them as a synonym of I40 [29].
We also included in the review relevant articles cited from the literature sources found. Still, we
exploited Web of Science functionality to find recently-published articles that cite the publications
within the initial dataset [30].

Table 1. Literature search for sustainability and I40.

Item Description

Source SCOPUS database

Query

TOPIC: “industry 4.0” OR “internet of thin*” OR “smart factor*”
OR “cyber physical system*” AND “sustainability”

Refined by: LANGUAGES: (ENGLISH), Subject Area: Business,
Management and Accounting, Source Type: Journals

Hits 34

Papers retained after:
- Title and abstract selection 9

- Full-text selection 6
- Backward and forward search 16

The review portrayed an embryonal stage regarding knowledge of the topics with 16 literature
sources selected [31–34]. A primary limitation in the literature sources is that few empirical studies
targeted the sustainability impacts of I40 on the TBL [10,35]. Moreover, due to the novelty of
these technologies, several studies focused on individual technologies of I40, and not on the overall
cyber-physical system [27]. Finally, these investigations described more technical features of these
technologies rather than their organizational impacts [36]. Five elements emerge from empirical studies
of sustainability of I40.

With regards to the economic perspective of TBL, several studies report I40 leads to improvement
concerning efficiency and effectiveness through new way for producing goods and optimization of
the supply chain. Organizations using sensors in the assembly line improve economic sustainability
through improved inventory management and warehouse management [37]. There is a consensus
stating that IoT applications improve the efficiency and effectiveness of the supply chain management
reducing the inventory inaccuracy and the time to market [38–40]. Data produced by I40 are mined to
gather information for improving the product manufacturing life cycles and eventually the economic
performance of the industry [41]. Thus, I40 strengthens managerial decision-making providing
improved analytics capabilities of organizational phenomena.

The optimization of technical efficiency is related in the literature to the economic dimension of
I40 [42,43]. I40 adoption can improve economic performance by employing predictive analysis and
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predictive maintenance, which eventually help organizations in reducing errors and defects through
the assembly line [22].

With regards to the environmental perspective, the core aspect is the energy efficiency resulting
from the capability to analyze and predict production performance, and of balancing energy
consumption with the actual needs of the organization [42]. I40 enabled energy monitoring application,
which led to energy efficiency and the reduction of CO2 emissions [6]. Energy savings also positively
impact productivity within the organization [44].

One source cites the re-use of materials in a remanufacturing process enabled by IoT applications.
The data produced by the IoT sensors are analyzed with a mathematical model to achieve costs
reduction and to manage the remanufactured resources dynamically [45].

Finally, with regards to the impact on the social dimension, literature cites the creation of a safer
workplace. A safer workplace is a consequence of the reduction of safety incidents and the increased
morale of the employees [37,41].

2.4. State of the Art and Gaps in the Studies of Sustainability in Industry 4.0

Table 2 summarizes the current state of knowledge on the sustainability of I40. The literature
so far shows how I40 supports the individual dimensions of the TBL. No empirical studies found
evidence of simultaneous support to the three dimensions of the TBL, and this is a requirement for
organizations willing to act sustainably [29,46,47]. Furthermore, few studies strived to investigate the
relationships among the three dimensions of the TBL without reaching a consensus [48–50].

Table 2. I40 application and the supported sustainability dimensions.

Authors
TBL Dimensions

Economic Environmental Social

Goyal et al., 2016 Inventory management to
reduce inventory inaccuracy

Cui et al., 2017
Supply chain management to

improve the efficiency
and effectiveness

Lee et al., 2017 Warehouse management system
to improve productivity

Increase of employee
morale

Reif et al., 2009 Picking System to
improve efficiency

Zhang et al., 2018 Real-time scheduling systems Reuse of the materials

Shahbaz et al., 2012
Data mining to

improve the product
manufacturing life cycles

Shin et al., 2014 Analytics model to maintain
technical efficiency

Analytics model to predict
energy consumption

Thiede et al., 2018 Continuous energy monitor
reduces energy costs CO2 Reductions

Lee et al., 2013 Predictive analysis to reduce
production mistakes

Yuan et al., 2017 operational agility, improvement
of competitiveness

Reduction of safety
incidents

Kembro et al., 2017 Improving warehouse
operations Safety workplace

Liang et al., 2018 Improving productivity Energy saving

In the literature discussing the sustainability of I40, we observed three individual trajectories
of sustainability of I40 applications (see Figure 2). The impact over the economic dimension of the
TBL is the result of improved process flexibility and efficiency, which in turns improves the economic
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performance. The trajectory over the environmental dimension of the TBL instead leverages on the
improved quantity and granularity of data produced by the digital technology which improves the
sustainable use of resources. Finally, the trajectory over the societal dimension of the TBL leverages
increased automation thanks to the use of robotics and digitally connected pieces of machinery which
create better labor conditions.Sustainability 2018, 10, x FOR PEER REVIEW  6 of 17 
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3. Research Design

This study aims to investigate whether the adoption of I40 contributes to all the three levels
of sustainability and to investigate how the different dimensions of the triple bottom line interact
consequent to its adoption.

The paper presents a single case study analysis of a manufacturing company in the ceramic
industry [51]. The case is chosen as a revelatory one, as the company in question is the first mover
in the adoption of I40 in its competitive domain. Second, the I40 adoption within the company
coexists with the traditional production line which works in synergy with the new line. Furthermore,
the same case was analyzed before from the perspective of environmental sustainability and economic
sustainability [14]. In this research, we complemented the knowledge acquired collecting data on the
I40 adoption and further investigating the three dimensions of sustainability.

The case study triangulates different data sources. We collected semi-structured interviews with
the chief executive officer (CEO) and the chief production officer (CPO) following the track indicated
in Table 3. Guided by the CPO, we also performed observations of the production line and had the
possibility of observing operations of smart machines, control systems, and activities performed by
workers on the line. During the observation, we also interviewed workers on the production line, and
in the R&D department, following the questions indicated in Table 3. We compiled field notes after the
observations, which we added to the data we analyzed. We made use of secondary data in the form
of official balance statements of the company and newspaper articles providing information on the
economic performance of the firm. Finally, we also used the data obtained from the previous analysis
on the same case unit to perform a triangulation improving the validity of the analysis and reducing
subjectivity in empirical evidence [52,53].



Sustainability 2019, 11, 36 7 of 17

Table 3. Interview track.

Interviewee Questions

Management (CEO and CPO)

Type and extensions of adoption of I40 technologies
Motivations and conditions triggering the adoption

The sequence of actions performed during the adoption
Consequences for the production processes after the adoption of I40

Economic benefits of the I40 adoption
Environmental impacts of the I40 adoption

Social impacts of the I40 adoption
Organizational dimensions: number of employees, years of activity,

turnover level
Planned future adoption of I40 technologies

Workers

Type and nature of the work performed in the company
Experience (if any) on the production process before I40 adoption

Benefits for the worker after the I40 adoption
Changes in working conditions before and after the I40 adoption

Personal awareness of the benefits of I40 adoption
Potential threats or risks in the I40 assembly line

We collected all the data sources in a single research database which we coded following the
guidelines for the validity and reliability of qualitative inquiry [54,55]. The analysis was performed
to identify first the dimensions of the TBL touched by the innovation processes of the organization.
Second, we searched for interactions among the individual TBL dimensions, eventually identifying
trajectories of interactions among them.

4. Case Description

The unit of analysis is a manufacturing company of the sanitary ceramic industry. The ceramic
industry shows, on average, low levels of innovativeness, low technological level of products, and
resorts massively to artisan processes [14]. Production presents low efficiency, produces much waste,
and has a product defect rate higher than the average of other industries. Furthermore, the industry
consumes a prodigious amount of energy, whose costs sum up to three percent of the annual turnover.

Within this landscape, our unit of analysis is a medium-sized organization attentive towards
environmental sustainability and innovation in the product and process. It is working within a cluster
of ceramic producers, and it is in the top three most significant companies in the cluster. In five
years, the unit switched from a traditional assembly line to a smart factory design making use of
IoT technologies, robotic arms, automatic forklifts, mechanical arms activated by people, and control
information systems. The organization sided the new I40 assembly line to the traditional process,
and still uses it for products whose demand level does not justify the high fixed costs of the I40
assembly line.

The production process consists of three phases: primary, secondary, and support. The primary
phase encompasses all the activities needed to prototype and produce the goods. This phase ends with
the baking of the product. The secondary phase is represented by the reprocessing of the product in
case of mistakes; namely, to avoid impurities in the enamel. The support phase refers to the preparation
of the product for packing, and eventual shipment, and the disposal of waste produced by the process.
The unit uses I40 technologies in all three phases.

4.1. Process of Adoption of the Industry 4.0

The management of the organization decided to adopt I40 technologies to innovate the way they
produce ceramics. The unit faced the competition of companies that moved their production to low
labor cost countries. Consequently, the unit decided to respond to such competition on price with the
increase of quality in the products. The adoption of I40 technology for the assembly line was deemed
necessary to reduce the defect rate of products and to increase the quality.
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The innovation first required the redesign of the physical factory layout, as the I40 assembly line
requires more space due to the use of several large-sized pieces of machinery. Then the factory was
equipped with autonomous machines—like self-driving forklifts, robotized arms, and fully automatic
conveyors—to produce products and move them from one phase to the other. In the end, all the
machines were interconnected in a cyber-physical system and governed by a control information
system that keeps track of the data produced by the assembly line and allows the company to manage
the production process flexibly.

The unit anticipated the innovation project to the workers, and all employees attended vocational
training courses to learn how their jobs would have changed following the adoption of these
technologies. The employers’ reaction to the adoption of the I40 innovation project was positive.

4.2. Level of Current Adoption of Industry 4.0

The unit has a fully integrated assembly line in which the intervention of humans on the most
massive phases of production is minimal. The unit digitally traces the complete production process.
The traceability data concerns the lead time, the machines that processed the product, and the workers
controlling or operating the machines.

The I40 adoption also contributed to the digitalization of the design phase of the products.
The organization started to use CAD to develop new product prototypes. It has created an internal
research center that is continuously experimenting with materials and production steps to explore
improvements in the way of producing ceramics and to try to reduce the defect rate of products even
further. Still, the CPO announced that the organization is planning to use 3D printings to improve the
design phase making prototyping and testing more efficient and sustainable.

Through the assembly line, different kinds of robots take on the hard work into the process,
and workers act as supervisors. The semi-finished and finished products are placed on shelves and
moved by autonomous fork trucks through the different steps of the assembly line, eventually into the
warehouse. If the workers mark the part as defective or damaged, the trucks deliver it to a secondary
phase. Workers use their knowledge in the production of ceramics to suggest new settings for the
machine to improve the process and the quality of the product.

The unit still has a traditional assembly line in use where the workforce crafts the goods using
mechanical machinery (before the baking phase), human drivers transport semi-finished and finished
products on traditional forklifts. The traditional assembly line is in place for two purposes. First of all,
the unit uses it for products with a small demand, for which the fixed costs of the integrated assembly
line would be too detrimental for the final price. Second, it is used to train workers in the ceramic
production process and to increase their expertise in the technical aspects of the process itself. Workers
are then moved from the traditional to the integrated assembly line when they acquired enough
knowledge of ceramic production so that they can contribute to improving the process and product.

4.3. Results Achieved

This section presents the pieces of evidence on the results achieved by the company following
the adoption of I40 technologies. Following the dimensions of the triple bottom line, we distinguish
between social, environmental, and economic impacts.

4.3.1. Economic Impact

The I40 adoption impacted the ceramic organization positively. The balance sheets show a
negative trend from 2011 to 2013. In the same period, the staff decreased by about 30 employees.
From 2014 to 2017, the balance sheet showed an increasing EBITDA index (earnings before interest,
taxes, depreciation, and amortization) by 30% (see Table 4). Sales and net profit show the same trend.
The number of the employees remained stable in the last years after the transition to I40.
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Table 4. Economic performance after the I40 adoption.

Index 2011 2012 2013 2014 2015 2016 2017

EBITDA € 8.035.000 € 7.500.000 € 6.100.000 € 8.150.000 € 11.300.000 € 15.000.000 € 13.000.000
Sales € 36.860.000 € 35.495.000 € 36.335.000 € 39.293.00 € 43.280.000 € 48,585.000 € 47.480.000

Net Profit € 2.330.000 € 2.032.000 € 1.248.000 € 1.590.000 € 4.115.000 € 6.293.000 € 5.376.000
Workers 284 284 267 237 237 224 233

Regarding improvement within the production processes, the organization increased production
by 30% reducing the lead time and increasing the gamut of products offered to customers and their
quality level. According to the CEO, the pursuit of the highest quality has always been at the center of
the organizational strategy: these technologies allowed the organization to govern their production
processes, creating more practical and enduring products with a refined design.

The substitution of human workers with autonomous robots which took over all the physical
work also contributed to the reduction of defects and damaged products. Consequently, the unit has
seen a reduction of defect rate in their products from 30% down to 9%.

Lastly, following the adoption of the I40 the unit can thoroughly monitor and govern the
entire production process: the tracking of the goods was ameliorated reducing the order inaccuracy.
Information concerning the processes is continuously analyzed providing comprehensive reports on
the status of the machinery and predictions regarding future production trends.

4.3.2. Environmental Impact

Concerning the production process, the unit reduced the consumption of energy, water, and raw
materials. The production process intensively reuses materials and resources. The heat generated
by the baking phase of the production cycle is re-used for the gradual cooling of the final product,
reducing the energy consumption by the process. At the same time of the I40 adoption, the unit also
installed solar panels to produce electricity. I40 technologies continuously monitor energy production
and consumption.

The use of autonomous trucks to move products across the line reduced accidental damage of
products which also reduced waste. The use of robots instead increased the precision of the steps
performed during the production process, reducing the defect rate. The reduction of the defect rate
contributed eventually to a reduction of waste materials, and the avoidance of extra energy costs
for the necessary repair phase of damaged products. Defective products which cannot be repaired
are reused to the maximum extent possible, either as supports for the baking phase of conformant
products, or as raw materials in the same process, or as raw materials in the construction industry [14].
Furthermore, the new production process allowed the company to sharply reduce waste of chalk
molds and metals (used now only on the traditional assembly line), and muds.

Thanks to the digitalization of the entire production process, the unit is more capable of designing
and testing products. The environmental sustainability also goes outside the production process
and the product and moves to the customer. The redesigned products do not contain pollutants
and use fewer resources (i.e., water in sanitaryware) during their daily life usage compared to
traditional products.

4.3.3. Social Impact

The traditional ceramic production process is labor-intensive, and workers have a significant risk
of being injured or burned out by the exhaustive working conditions. The traditional process makes
use of chalks, paint, enamel, and other dangerous materials which increase powders in the air. These
working conditions are the cause of lungs diseases and other kinds of traumatic diseases and create
conditions for accidents. Adding to this, due to the presence of an oven that bakes products up to a
temperature of 1200 ◦C, workers usually worked in a factory with high environmental temperatures.
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Following the I40 adoption, the heavy manual labor was transferred to the I40 machines, reducing
the number of incidents, and increasing the satisfaction of workers. Furthermore, on the I40 line
workers act as supervisors and need new competencies, skills, and knowledge which they acquire
through period training and vocational courses concerning the management and problem-solving in
the use of the I40 technologies. The organization could then defend the workers’ positions, as many
employees who possessed only artisan skills in the traditional production process remained in the
company as operators. The availability of the traditional line also helps in transitioning workers to the
new assembly line because they can be trained for the new production process while they retain their
employment position. It also contributed to enriching duties of workers thanks to the extension of the
manual work towards a dimension of knowledge necessary by the workers to instruct machines on
how to operate the production to be more efficient and to avoid defects.

The I40 adoption contributed to separate all the dangerous health phases, such as the glazing
process, which have been entirely automated. The workforce can now act next to the pieces of
machinery, and far from dangerous phases, in a much safer environment.

Finally, the adoption of I40 transitioned a traditional manufacturing company into a
knowledge-intensive company. Though the employment level slightly decreased during the past
years (see Table 4), the composition of the workforce changed, and several knowledge-intensive
positions entered the company. This is the case of designers and 3D operators who work at the design
and prototype phase of the products and of researchers who work in the R&D unit of the company.
Also, daily work of staff on the assembly process embeds a level of knowledge as workers act as the
primary driver of continuous fine-tuning and improvement of the I40 assembly line by observing the
production process and the output, and by suggesting changes to the working logic of robots that
leads to process improvements in terms of efficiency or quality.

Table 5 shows the most relevant interview excerpts for the aspects discussed in the
case description.

Table 5. Interview excerpts.

Topic Source Interview Excerpt

Commitment to contribute to the
local economy CEO

We decided to implement I40 because we know how to
produce ceramics, and even because I was born here, and I

want to remain here with my factory and production.

Details of I40 adoption CEO
We had the luck to have enough space, our partner prepared
the implementation of each technology thoroughly, and we

previously communicated to employees these changes.

Improved workforce conditions CEO Employees thanked us, heavy manual labor was the critical
issue of the factory, now their tasks have changed favorably.

Improved workforce conditions Worker 1

I worked here also before the new line. Before they installed
the energy recovery system on the oven, the internal

temperature was very high. The factory was hot. Working
here in summer periods was terrible. Now the temperature

is ok throughout the whole year.

Increased production CEO This I40 application is the first in the ceramic industry. We
risked a lot, but now our production increased by 30%.

Integration among pieces of
machinery CPO

The mobile robot communicates with the mechanical arm; it
knows when the mechanical arm finishes creating the

sanitaryware and put it on a shelf. Then, it will take the
sanitaryware.

New workforce skills CPO

We hired this young worker. Now he is working in the
traditional factory acquiring the necessary craft skills. Then,
after a preparation course, we will employ him in the new

factory as a supervisor.

New workforce skills Worker 2

I am supervising these four machines which are now
producing washbasins. The work I do now is less manual

and more mental. I can activate and deactivate the machine,
and I try to figure out if there is a better way to let it work
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Table 5. Cont.

Topic Source Interview Excerpt

Additive Manufacturing CPO We are designing the implementation of the 3D printing to
improve our production and our sustainability.

Reuse of resources CPO
We reuse both the water and the heat. It is possible since the
two plants are very close. We also recycle damaged products.

We tried to recycle all that enters the production phase.

New roles for workers CPO
Now, the worker is close to the mechanical arm. He knows

how to craft the product. In case of mistakes of the
mechanical arm, he can detect them and halt production.

New workforce skills CEO Only the employees know how to improve the processes, we
appreciate their feedback.

New workforce skills R&D staff 1

I am making tests to figure out which are the best conditions
for baking the ceramic to improve the quality.

We will program the robots on the assembly line according
to the parameters I will find.

Knowledge intense activities CEO
The experts of the research center currently measure the

material that we will employ in the next production process
using this small oven, which simulates the real oven.

5. Discussing the Sustainability of Industry 4.0

This section presents the benefits regarding the sustainability of the I40. We firstly describe all
the impact on the TBL of the I40. Afterward, we show how the I40 support the three dimensions of
the TBL.

5.1. Industry 4.0 Impact on the Triple Bottom Line

To evaluate the impact of I40 adoption on sustainability, we showed in Figure 2 the I40 trajectory
that aims at supporting the TBL. Our analysis also confirms all the trajectories previously identified in
the literature.

Regarding the economic dimension, the I40 adoption allowed to improve the production thanks
to more efficient and flexible processes [22,43]. In our unit of analysis, I40 led both to an increase in
the level of production, and the quality of the final product. The organization could then exploit the
premium price on the market thanks to the high level of quality. The organization achieved much
higher revenues and dealt with new market segments that are served by different products more
aligned to specific consumers’ needs. Accordingly, the improved economic sustainability positively
influences the social dimension with higher paid taxes and the environmental dimension with increased
efficacy concerning resources used by production processes.

Regarding the environmental dimension, our unit acted environmentally friendly—for instance,
producing photovoltaic energy and reducing energy consumption—also before the I40 adoption.
Though I40 does not directly contribute to environmental sustainability, it improves these practices
thanks to increased data precision on continuous energy consumption monitoring [6,45].

Regarding the social dimension, our unit of analysis put the workforce in the center of the
innovation. The workforce enjoyed I40 adoption both for a safer work-environment and for a less
intense work-load. In line with the literature, this had a positive impact on accidents and worker
burn out. However, in our case, I40 adoption also offered opportunities for enriching the jobs of the
workforce, making the job more gratifying and less alienating. The workers are not just operators
of robots. They are part of a continuous feedback system where they suggest how to improve the
programming of machines to improve the processes and the products—the nature of the work in
the production line has shifted towards a knowledge-intensive rather than labor-intensive tasks.
This transformation is also evident by the R&D capabilities that the unit built internally, exploited
to improve products and processes continuously, and to improve product design and prototyping
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capabilities thanks to the use of CAD designers. Both the R&D personnel and the CAD designers were
not in staff before the I40 adoption.

Answering the first RQ, besides confirming the trajectories identified in the literature, we find
that I40 offers the possibility to strengthen the social dimension of sustainability thanks to the shift
from labor-intensive to knowledge-intensive tasks.

5.2. Interactions between the TBL Dimensions in Industry 4.0

In our case, the I40 application allowed the organization to support the entire TBL thanks to the
shifts from a traditional manufacturing organization to a knowledge-intense organization. The three
dimensions of the TBL are also supporting each other.

With regards to the interaction between the economic and the remaining dimensions, the I40
adoption allowed to improve the quality of products boasting a premium price on the market, with
which organization contrasted competitors that are producing low-budget products. Accordingly, the
I40 adoption avoided the delocalization in countries where the workforce has low wages, as well as
safeguarding the environment with cleaner production.

The high quality levels reached by the production process need a continuous improvement
of processes, which is made possible by the role of workers who are part of a socio-technical
system which continuously supervises the production to suggest improvements. Such continuous
commitment warrants continuous employment opportunities for workers in companies and sustains
economic performance.

The continuous improvement on the end side is also addressed concerned with the environmental
dimension by the support that I40 technology offers to reduce the impact on natural resources, with a
more precise measurement of the materials used, while improving financial performance (Table 4).
Such improved control over materials opens the opportunity for reuse of resources, recycling, and
reduction through the production process, in turn also supporting economic sustainability.

Table 6 presents the drivers of I40 that support the TBL. Answering our second research question,
the trajectories we found encompass a virtuous cycle where economic, social, and environmental
sustainability support each other, with the latter positively influencing the former.

Table 6. I40 drivers support triple bottom line dimension.

I40 driver support TBL Dimensions

I40 Driver Economic Dimension Environmental dimension Social Dimension

More Efficient
Production and Higher

Quality Products
Contrasting competitors Reduction in usage of natural

resources

Production plant based in
Italy; higher job satisfaction

and taxes paid

I40 Workers
Reduction of production
mistakes and accidental

damages

Reduction in usage of natural
resources

Knowledge-based task;
work environment safer;

workforce as the innovator

Research Center Saved Energy and less
production waste Prevent production mistakes Workforce hired

Concluding and discussing the relationship between technology adoption and the TBL, in our
case study, the use of I40 technologies supports the entire TBL with the three dimensions strictly related
to each other. We condense this impact on two trajectories that explain how the three dimensions of
sustainability interact in I40 adoption (see Figure 3).
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On the economic side, in our case, we found that I40 leads to increased production efficiency,
higher quality products, and competitive advantage. This combination of economic factors is present
in two trajectories.

In the first trajectory, the competitive advantage leads to increased social sustainability by
defending the employment levels and paying more taxes on the value delivered. On the environmental
side, the I40 adoption leads to reduced resources usage.

In the second trajectory, the investments in R&D produce new job employment opportunities
supporting the social dimension of the TBL. These conditions enable the economic benefits highlighted,
which eventually lead to reduced resource usage on the environmental side.

6. Implications and Conclusions

The exploration of how I40 application supports the three dimensions of the TBL was the primary
motivation of our study. We presented an investigation regarding an I40 application in the ceramic
manufacturing organization performing a single case study. We first highlighted the process of the I40
adoption, focusing on the changes within the production processes. Then, we investigated how I40
adoption supports the economic, environmental, and social dimensions of sustainability. Accordingly,
we showed (Table 6) the improvement of the TBL defining how I40 application leads to them. We
furthermore presented two trajectories of interaction among the three dimensions of TBL in the
adoption of I40. In our study, we confirmed the relevance of the factors affecting the individual
dimensions of the TBL, but we extended the understanding in the literature by describing how the
different dimensions of the TBL interact following I40 adoption.

Though empirically validated, we based the results of our work on a single revelatory case study.
Further research is required to study the impact of I40 adoption on the manufacturing industry by
analyzing case units which differ regarding size and industry from the one studied here.

6.1. Implications for Practitioners

This study increases the knowledge and awareness concerning the TBL, which is an achievable
goal even in practice. Indeed, we analyzed a case study of I40 adoption in a manufacturing context.
This study can act as a guideline for similar organizations, which may aim to act sustainably through
the benefits of I40 adoption regarding quality, improved use of resources, and continuous improvement.

Based on the results of the case, the first implication for practice concerns the central role of
the workforce within the processes of innovation and sustainability. More knowledge is required in
the workforce so that they can deal with these technologies and govern the production process in
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which they are used. Organizations aim to instill the systemic relationship between robotized pieces of
machinery and human resources which leads to continuous improvements in the production process
and the consequent improvement of the quality of the product.

Under this point of view, our case shows that the transition to I40 does not automatically
imply the reduction of employment level. Furthermore, there is still the possibility to foresee
continuous employment of workers who possess traditional artisan skills by turning them from
operators of mechanical machines to supervisors and main agents of continuous improvement of the
production process.

A second implication concerns the leadership and vision of the organization as drivers for I40
transition. In our case, the sustainable adoption of I40 technologies was guided by the CEO’s objective
to remain competitive on the market without delocalizing or moving to low-cost production processes.
The transition has been driven by a purposeful internal innovation process which turned out to be
sustainable as sustainable principles guided it.

6.2. Implications for Researchers

During the interviews, the management stressed the importance of pursuing sustainable goals
since the design phase of the I40 adoption. Accordingly, this implies that the I40 adoption leads to the
fulfillment of the TBL exclusively when organizations design it for this purpose [29]. This evidence
even underpins the reason why a lack of empirical studies failed to support the TBL. Most of them
put the attention exclusively on the economic dimension, underlining the impact on the remaining
dimensions as a positive externality [6,56]. This raises the implication to study antecedents of I40
adoption to shed light on how they influence the actual adoption, and the impacts they have on
the TBL.

In addition to this, supporting the social dimensions, the results of our work contradict the
statement that I40 leads to technological determinism, allowing managers to lay off their workforce
through the employment of leading-edge technology [27]. In our case, this initiative allowed
the workforce to enrich its skills as well as getting improved environmental work conditions.
Some scholars have advocated that I40 applications—especially robotics—are no longer to be
considered socio-technical systems [57–59]. In our case, we instead confirm that human resources and
robotic pieces of machinery are part of a sizeable socio-technical system, which also encompasses the
knowledge dimensions of the work and the R&D effort that are necessary to improve work conditions
and product quality.

The last implication would be on the need to study the knowledge dimension of I40
application further. In our case, I40 adoption transforms a traditional manufacturing industry into
a knowledge-intensive activity. The data generated by digital technologies support the benefits
concerning sustainability. These data are the digital traces of actions performed by machines and
human resources. However, these data could also constitute forms of knowledge spillovers that
could flow to technology vendors and system integrators. Further research should investigate the
interaction between the socio-material action of workers and the physical action of machinery and the
consequences concerning knowledge production and leakage.
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