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Abstract: The primary aim of this paper was to present and analyze practical solutions of Industry
4.0 as applied in the Re Alloys company. The research question was whether the implementation of
the digitization process based on Industry 4.0 resulted in changes to the organizational structure of
the company and whether this brought about an improvement in the energy and material efficiency
of the company. The research method used in the paper was the case study method. In view of the
project’s results, we concluded that implementation of the new solution based on digitalization caused
increased energy and material efficiency, often forced by external factors stemming from the operation
of competitive markets. Technological changes also require the application of IT technologies and
communication systems in managing production. Access to this information is also a chance to gain a
competitive advantage.
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1. Introduction

Today, industrial production is driven by global competition and the need to quickly adapt to
ever-changing market requirements [1–3]. Modern production was built on the experiences of the
first industrial revolution, streamlining the operations of manufacturing plants; the second revolution,
introducing electricity to industry; and the third revolution, automating uniform tasks for production
workers [4–6]. The fourth industrial revolution—Industry 4.0—differs from its predecessors in that
it applies to all areas of life [7], including the dangerous phenomenon of an ageing population and
the consequent decline in the workforce [8–11]. This revolution is also connected with the fact that
the opportunities for increasing the profit of industrial production are exhausted despite the use
of the “lean” manufacturing concept and outsourcing [12–15]. Industry 4.0 determines changes in
production—from mass production to personalized production—which make the production processes
more flexible and provide the means to meet the individual needs of different customers more
effectively [16].

In the digital age, an organization should adjust their production and logistics systems to meet
new technologies. Business has evolved to improve in effectiveness and cost-efficiency. Production
systems should be customer-centric and should drive agility within the business. To meet these
objectives, the implementation of Industry 4.0 is needed. We can distinguish the following reasons for
why the conception of Industry 4.0 is so important [17–20]:

• Cost efficiency;
• Agility and flexibility of the production system;
• Customer-centric production systems, with customization of products.
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In the Industry 4.0 environment, producers should better understand the patterns of consumption
and based on that, be able to adjust the product to the specified requirements of the end-users [21,22].
We can distinguish many technologies used in the Industry 4.0 concept. They may affect the methods of
projecting, manufacturing, and delivering products to customers. The main technological conceptions
supporting digitalization and servitization in Industry 4.0 are the following:

• Adaptive robotics [23,24];
• Cyber-physical infrastructure embedded systems [25,26];
• Additive manufacturing [27,28];
• Cloud technologies [29];
• Visualization technologies, such as virtual reality and augmented reality [30,31];
• Simulations [32,33];
• Data analytics and artificial intelligence [34];
• Industrial internet—communication and networking [35];
• RFID (Radio-frequency identification) and RTLS (Real-time locating system) technologies [36];
• Cybersecurity [37];
• Sensors and actuators [38];
• Mobile technologies [39].

The main objective of Industry 4.0 is to increase automation so as to contribute to the operational
efficiency and effectiveness of the company [40–43]. Industry 4.0 is based on the integration of new
technical solutions. Particularly important, in this case, is the process of combining smart machines
and systems, as well as changes in the production processes [44].

The aim of applying innovative solutions in the Industry 4.0 concept is not only to bring about
technological change but also to implement new ways of working and a new role for employers in the
industry [45]. In Industry 4.0, it is essential to connect machines and equipment via the Internet and
digitalize all production processes [46,47]. An essential aspect of implementing this new concept of the
industry is to make it easier for smart factories to anticipate, identify, and solve issues [16].

Particularly important issues related to new, smart solutions based on Industry 4.0 are energy
efficiency, material efficiency of production, and organizational changes in the company. The literature
contains research on the relations between the implementation of Industry 4.0 solutions and changes in
the company organizational structure [42,43,48], energy consumption [49–51], and increasing material
efficiency [40,41]. The energy efficiency analysis proposed by Duflou is interesting in this respect [51].

Due to the importance of the problem of Industry 4.0 and, in particular, the digitalization of
processes in organizations, we wanted to analyze the effects of these activities on the example of a
particular organization. Based on this, we established the main aim of the paper [23,26,29], which was
to present and analyze practical Industry 4.0 solutions applied in the company Re Alloys.

We also established a research question connected with the primary aim. The research question is
whether the implementation of a process of digitalization based on Industry 4.0 resulted in changes in
the organizational structure of the company and whether it brought about improvements in the energy
and material efficiency of the company.

2. Literature Review

Industry 4.0 is based on the integration of new technical solutions. Particularly important in this
case is the integration process of intelligent machines and systems and the changes in the production
processes. The aim of the implementation of the Industry 4.0 concept is not only technological change,
but also the implementation of new ways of working and the new role of employers in the industry [1–7].
In Industry 4.0, the connection of machines and devices via the Internet and the digitalization of all
production processes is crucial [9–13]. An important issue in smart industry implementation is to
enable factories to be sufficiently smart to be able to predict, identify, and resolve problems [14–16].
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Industry 4.0 is not only a technological revolution. It is also now connected with the problem of
linking different devices together for achieving traceability and trackability. We can distinguish the
following dimensions of the Industry 4.0 concept [52–54]:

• Internet of Things—the ability to conveniently access data from anywhere and exchange data
between devices. All production systems become interconnected. There are real-time flows
between all elements of the supply chain.

• Common digitalization—the process of ensuring digitalized, constant communication between all
people and all devices and between people and devices themselves.

• Autonomous manufacturing systems—creating intelligent factories that organize production
processes autonomously and can react flexibly to changes to the requirements of the manufacturing
processes. Smart factories perform virtually the entire production processes themselves with
minimal human input.

• Customization of the product—delivering a customized product to the customer, precisely
according to their orders.

• Robotization—implementation of flexible production sockets, based on industrial robots, using
robots adapted to cooperate with humans.

• Implementation of architecture based on cyberphysical systems.
• Widespread use of disruptive innovations—these can allow a rapid increase in the efficiency and

effectiveness of the socioeconomic and operation system in an organization.

Digitalization can be defined as restructuring of all the social and business processes around digital
communication. It is an integration of digital technologies into business practice by the digitalization
of all possible processes [55].

The use of digital technology in an industrial organization can lead to many changes in their
business model [56]. In this paragraph we will describe the importance of implementing digitalization
into an industrial organization. Turning many innovations into reality quickly is essential. To do this,
the flexibility of the production must be increased. This can be achieved by the digitalization of the
processes and by implementing state-of-the-art hardware and software solutions and the real-time
evaluation of production data. The main aim of the implementation of digitalization in production
firms is to increase productivity. This can be achieved by shortening the time between the development
of the product and faster delivery to the customers on the market [57]. Increasing productivity also
leads to greater flexibility, a better quality of product and processes, energy savings, time-savings,
and so on. Implementation of the new, digitalized solutions in an organization can increase the
competitiveness of the organization on the global market [58].

In the literature, there are many studies that indicate the positive effects of digitalization on energy
consumption [59]. The implementation of digitalization in an organization can achieve increased
energy efficiency. Digitalization also leads to an increase in labor and energy productivity.

The digitalization of the enterprise requires strong leadership. In this case, the collaboration
of stakeholders is needed. Another critical factor is connected with personal data security and the
avoidance of fraud [60]. Many of the effects achieved by the digitalization of processes also require
organizational changes—for example, changes to the organizational structure. Using digitalization,
we can conceptualize the operational performances of the organization [61]. The flexible working
system and bidirectional flow of information can be a trigger for innovative solutions in the case of the
product, process, and even the improvement of the entire production system [62–64].

To judge the successful adaptation of the Industry 4.0 concept, we considered three features:
horizontal integration of the chains of value; vertical integration of the manufacturing systems or
service systems and the network; and end-to-end engineering of the whole value chain [54].

The concept of Industry 4.0 was developed in the second decade of the 21st century in Germany.
Industry 4.0 consists of using automation and digitization processes in industry to transform existing
factories into self-controlled and self-adaptive social and technical systems (Smart Factories), allowing
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for the creation of intelligent value chains. This has already received many scientific studies [65–67]
and implementations in many countries, becoming a global megatrend [68]. These challenges shape
the new model of modern business and production that was defined by Lee, Lapir, Bagheri, and Kao as
a 5M system in the context of Industry 4.0 [46]. On the one hand, it is integrated with the infrastructure
based on the 5C functional model, and on the other hand, it is based on entirely new paradigms
created on the basis of innovative trends and megatrends understood as directions of social, economic,
environmental, political, cultural, and legal changes [69–75]. The Industry 4.0 concept also has an
influence on environmental concerns [76].

The concept of Industry 4.0, although initialized in Germany [77,78], is spreading around the world,
and the countries implementing the idea define it differently. In the United States and English-speaking
countries, it is called the industrial Internet. In others, it is called the Internet of Things or a smart
factory [79]. Apart from the non-uniform term, the terminology used for Industry 4.0 is not consistent
either. The variations depend on how individual business circles interpret this term [80]. In the United
States, it is seen as the integration of people with things and things among themselves, combining the
analysis of large data sets with the Internet of Things [81,82].

In France, the concept of “Industrie du futur” is based on the cooperation between industry
and science. It is built on five pillars, namely: (i) state-of-the-art technologies, including additive
manufacturing, virtual factories, the Internet of Things, and augmented reality; (ii) support to French
companies to adapt to the implementation of new technologies; (iii) intensive training of workers;
(iv) strengthening international cooperation on industrial standards; and (v) promoting the French
industry of the future [83,84]. In China, on the other hand, the concept consists of a comprehensive
modernization of the Chinese industry, taking direct inspiration from the German concept of Industry
4.0 and adapting it to its own needs [85,86].

In Taiwan, the concept was named Productivity 4.0 [87]; the concept is also implemented in
India [88], where it is named Skill India [88,89]; in Japan, it is named the IVI The Industrial Value Chain
Initiative [90]; in the UK, it is named the High-Value Manufacturing Catapult (HMV Catapult) [91–93];
in Spain, it is named Industria Conectada 4.0. [94–96]; and in Poland, it is named Przemysł 4.0.

This diversity of interpretations of the Industry 4.0 concept in the scientific literature is seen
by many researchers as collectively describing changes in technology and the organization of value
chains [97–103]. These innovations, referred to as the Fourth Industrial Revolution (Industry 4.0),
include the consolidation of information systems and the integration of people with digitally-controlled
machines that make extensive use of wireless networking and digital technologies, such as virtual
reality, augmented reality, and Big Data analytics [104–107]. They support the implementation
of Industry 4.0 as they include real-time systems, controlled production, just-in-time supply, and
perform AC (autonomic computing) processing based on self-managing computer systems, which are
self-configuring, self-protecting, self-healing, self-optimizing, and process and analyze Big Data.

As indicated by Terziyan, Gryshko, and Golovianko [108], and Hermann et al. [97], the era of
Industry 4.0 offers, above all, a new vision for the functioning of a company: the production of products,
provision of services, management of assets, and business activity. Pereira and Romero [109] and
other authors [110–116] added that Industry 4.0 represents a huge potential for many areas. The
implementation will affect the entire value chain, improve production and engineering processes,
improve the quality of products and services, and optimize the relationship between customers and
organizations, while bringing new business opportunities and economic benefits and changes in
educational requirements, and transforming the current working environment [117–121].

The concept of industry 4.0 is in accordance with the main goals of the European Green Deal. The
digitalization of industry is an indispensable part of Industry 4.0 as an essential pre-condition to reach
the climate targets set in the Green Deal. Sustainable manufacturing needs to be enabled, so as to
ensure better use of the infrastructure and energy and better logistics and transportation. All these
goals can be achieved when particular organizations implement Industry 4.0 principles connected



Sustainability 2020, 12, 5776 5 of 21

with the digitalization of the production processes. The implementation of the Industry 4.0 concept
can be a valuable aspect in establishing a European data economy.

The strategy of the organization should be based on the growth of high-quality data incorporation,
which can be obtained through digitalization [122–129]. Such a great and multi-faceted impact of the
fourth industrial revolution on the Re Alloys steel company makes it necessary to analyze the most
critical areas of its operation in terms of the benefits resulting from the application of the Industry 4.0
concept and investigating whether the implementation of the digitalization process resulted in changes
to the organizational structure of the company and its energy and material efficiency [130].

3. Materials and Methods

The research presented in this article was carried out at the Re Alloys steel company, which
specializes in the production of ferrosilicon and silicon-based alloys. This company is the leading
producer of ferroalloys in Europe. Re Alloys belongs to the Luma Holding Capital Group (Warsaw,
Poland) which includes companies from the metallurgical industry, ventures, and automotive sectors
in its portfolio. The primary research method used in this article was a case study analysis.

The steel industry worldwide, and in Europe and Poland, is still high energy, material, and cost
intensive. This was confirmed by numerous studies showing that 60% of the total costs were feedstock,
influenced by coke, energy, and iron ore prices. The European and Polish policy on reducing carbon
dioxide emissions forces the implementation of technological investments in smelters and charges them
with the additional costs of environmental protection. Polish statistics show that the steel industry is
still the most energy-intensive; that is, it has a high ratio of final energy consumption to value-added
(Table 1; Figure 1).

Table 1. The energy intensity of industries in Poland, 2011–2017 (kgoe).

Industries 2011 2012 2103 2014 2015 2016 2017

Food 0.190 0.191 0.183 0.181 0.165 0.172 0.176
Textile 0.048 0.047 0.052 0.049 0.044 0.043 0.040
Timber 0.352 0.357 0.416 0.360 0.372 0.362 0.344
Paper 0.382 0.374 0.448 0.413 0.405 0.421 0.426
Chemicals 0.827 0.781 0.838 0.742 0.655 0.575 0.651
Minerals 0.618 0.599 0.571 0.506 0.447 0.461 0.462

Steel 1.054 1.049 1.172 1.057 1.138 0.99 1.092

Machine building 0.028 0.026 0.029 0.025 0.025 0.024 0.023
Means of transport 0.044 0.043 0.047 0.043 0.43 0.046 0.041
Other 0.072 0.066 0.079 0.075 0.071 0.071 0.073
Industrial processing 0.199 0.189 0.195 0.180 0.168 0.167 0.168

Source: [131].

The main reason for applying the Industry 4.0 concept to the Re Alloys company was to reduce
the production costs and thus increase its market competitiveness. An attempt was also made to adapt
the overall equipment effectiveness (OEE) method to the area of truck management to increase the
production efficiency. The consequence of these activities was the implementation of a project, No.
ReA-1/8/2018: Optimization of key areas of the company’s business activity in terms of monitoring
the location of assets and supervising the casting process in real-time (Vizum Factory) [132]. The
implementation period, i.e., 2018–2021, was divided into two stages: 2018–2019 and 2019–2021.

The theoretical objective of this project was to verify the accuracy of the indications of particular
radio technologies and sensor and location systems, as well as the accuracy of asset position calculation
based on the evidence of appropriate location technologies in the real environment. The practical
objective of the project was to continuously monitor the position and operation of 44 internal transport
vehicles in order to analyze the possibilities of optimizing their use and to test the impact of monitoring
devices on the power supply system of the monitored asset [132].
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The primary information about the organization where the research was conducted is of relevance;
in Figure 2, a historical background of the company is presented.
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In Figure 3, key numbers regarding the company are presented, and in Figure 4 information about
its market position is shown. In Figures 5–7, we collected information regarding the macroeconomic
context of the Re Alloys operations.

Sustainability 2020, 1, x FOR PEER REVIEW 7 of 21 

 

In Figure 3, key numbers regarding the company are presented, and in Figure 4 information 
about its market position is shown. In Figures 5–7, we collected information regarding the 
macroeconomic context of the Re Alloys operations.  

 
Figure 3. Key numbers regarding Re Alloys. Source: own study. 

 
Figure 4. The market position of Re Alloys. Source: own study. 

 

Figure 5. The global ferrosilicon markets. Source: own study, based on CRU business intelligence 

Figure 3. Key numbers regarding Re Alloys. Source: own study.



Sustainability 2020, 12, 5776 7 of 21

Sustainability 2020, 1, x FOR PEER REVIEW 7 of 21 

 

In Figure 3, key numbers regarding the company are presented, and in Figure 4 information 
about its market position is shown. In Figures 5–7, we collected information regarding the 
macroeconomic context of the Re Alloys operations.  

 
Figure 3. Key numbers regarding Re Alloys. Source: own study. 

 
Figure 4. The market position of Re Alloys. Source: own study. 

 

Figure 5. The global ferrosilicon markets. Source: own study, based on CRU business intelligence 

Figure 4. The market position of Re Alloys. Source: own study.

Sustainability 2020, 1, x FOR PEER REVIEW 7 of 21 

 

In Figure 3, key numbers regarding the company are presented, and in Figure 4 information 
about its market position is shown. In Figures 5–7, we collected information regarding the 
macroeconomic context of the Re Alloys operations.  

 
Figure 3. Key numbers regarding Re Alloys. Source: own study. 

 
Figure 4. The market position of Re Alloys. Source: own study. 

 

Figure 5. The global ferrosilicon markets. Source: own study, based on CRU business intelligence 
Figure 5. The global ferrosilicon markets. Source: own study, based on CRU business intelligenceSustainability 2020, 1, x FOR PEER REVIEW 8 of 21 

 

 
Figure 6. The ferrosilicon long-term supply gap in selected regions. Source: own study, based on 

CRU. 

 

Figure 7. The global ferrosilicon long-term global supply gap. Source: own study, based on CRU. 

Crude steel production, including the production of both carbon and stainless steel, is the key 
indicator of demand for ferrosilicon. Europe is the second-largest producer of steel after China 
(Figure 8). 

 

Figure 8. Crude steel production in selected regions. Source: own study, based on CRU. 

Customer relationships reach back to the beginning of the last century. All major European steel 
producers are currently long-standing end customers of Re Alloys products (Figure 9). These 
customer relationships extend to partnering in the development of new ferroalloy products for use 
in advanced steel offerings to the automotive and aerospace industries. 

Figure 6. The ferrosilicon long-term supply gap in selected regions. Source: own study, based on CRU.



Sustainability 2020, 12, 5776 8 of 21

Sustainability 2020, 1, x FOR PEER REVIEW 8 of 21 

 

 
Figure 6. The ferrosilicon long-term supply gap in selected regions. Source: own study, based on 

CRU. 

 

Figure 7. The global ferrosilicon long-term global supply gap. Source: own study, based on CRU. 

Crude steel production, including the production of both carbon and stainless steel, is the key 
indicator of demand for ferrosilicon. Europe is the second-largest producer of steel after China 
(Figure 8). 

 

Figure 8. Crude steel production in selected regions. Source: own study, based on CRU. 

Customer relationships reach back to the beginning of the last century. All major European steel 
producers are currently long-standing end customers of Re Alloys products (Figure 9). These 
customer relationships extend to partnering in the development of new ferroalloy products for use 
in advanced steel offerings to the automotive and aerospace industries. 

Figure 7. The global ferrosilicon long-term global supply gap. Source: own study, based on CRU.

Crude steel production, including the production of both carbon and stainless steel, is the key
indicator of demand for ferrosilicon. Europe is the second-largest producer of steel after China
(Figure 8).

Sustainability 2020, 1, x FOR PEER REVIEW 8 of 21 

 

 
Figure 6. The ferrosilicon long-term supply gap in selected regions. Source: own study, based on 

CRU. 

 

Figure 7. The global ferrosilicon long-term global supply gap. Source: own study, based on CRU. 

Crude steel production, including the production of both carbon and stainless steel, is the key 
indicator of demand for ferrosilicon. Europe is the second-largest producer of steel after China 
(Figure 8). 

 

Figure 8. Crude steel production in selected regions. Source: own study, based on CRU. 

Customer relationships reach back to the beginning of the last century. All major European steel 
producers are currently long-standing end customers of Re Alloys products (Figure 9). These 
customer relationships extend to partnering in the development of new ferroalloy products for use 
in advanced steel offerings to the automotive and aerospace industries. 

Figure 8. Crude steel production in selected regions. Source: own study, based on CRU.

Customer relationships reach back to the beginning of the last century. All major European steel
producers are currently long-standing end customers of Re Alloys products (Figure 9). These customer
relationships extend to partnering in the development of new ferroalloy products for use in advanced
steel offerings to the automotive and aerospace industries.
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Re Alloys is significantly below the strict European Union emission limits—it is IPPC Directive
and BAT (Best Available Techniques) compliant. Information regarding the level of Re Alloys emissions
is presented in Figure 10.
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Figure 11 shows information regarding the revenues and profitability of Re Alloys, and Figure 12
shows information about the production of the organization connected with headcounts. Re
Alloys management has consistently increased the efficiency of production and operations since
the company’s privatization.
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Several Industry 4.0 initiatives are currently ongoing in the areas of asset and resource tagging.
Indicative results point to further asset and staff optimization potential, which can be leveraged for
planned production expansions (including a new furnace). The Industry 4.0 initiatives include:

• Implementation of a target-based bonus system for all staff.
• Strengthening the controlling framework, including monthly KPI (Key Performance

Indicator) reviews.
• Centralization of the purchasing activities across the group.
• Ongoing CIT (Corporate Income Tax) optimization (special economic zone) and a “split-payment”

VAT (Value-Added Tax) shield.

4. Results—The Practical Application of the Industrial 4.0 Concept in Re Alloys

To monitor the use of mobile assets in a company in both open and closed spaces, the Vizum
Optitrack system was built. This system consists of three modules: Vizum Workforce—for crew
monitoring, Vizum Vehicles—for vehicles monitoring, and Vizum Tools—for tools supervision. Vizum
is based on Microsoft Azure secure cloud computing and is available as “Software as a Service” (SaaS)
and “Infrastructure as a Service” (IaaS). The communication between cloud computing and IoT devices
(smartphones, Vizum Assistant, Vizum Zone, and Vizum Box) is realized within the Internet connection
using the MQTT (MQ Telemetry Transport) protocol. Additionally, to ensure maximum communication
reliability, the Vizum Optitrack system is integrated with the Orange Live Objects service, which
enables communication of cloud computing and IoT devices via the MQTT protocol realized directly
in the software layer of the Orange operator’s infrastructure worldwide. The Vizum Workforce allows
for the monitoring of employees in active (two-way communication with the employee) or passive
(one-way communication) mode [132].

The active mode performs monitoring by means of a smartphone with a dedicated mobile
application carried by the employee or by means of a dedicated Vizum Assistant device. The passive
mode, on the other hand, performs monitoring by detecting so-called unmanned tags carried by
employees whose presence is detected in the control zones designated on the company premises by
means of Vizum Zone devices. The Vizum Workforce application can operate in an exclusive mode
on a smartphone, i.e., the employee has no physical possibility to use any functionality of the device
except those offered by the application: for instance, after the employee logs in to work, the application
displays reminders with information important for the employee when their reaction is needed.

This application also enables the company to locate an employee: (i) in an open space, with
repeatable accuracy of ±10 m using a GPS or equivalent signal offered by a given smartphone (e.g.,
Glonass); or (ii) in enclosed spaces (rooms) within control zones with a signal accuracy of ±5 m,
determined by the unmanned Vizum beacon BT transmitters sending the signal in Bluetooth technology
or ±1 m, determined by the Vizum beacon UWB transmitters sending the signal in ultrawide band
technology. The application also allows for testing the state of the device’s movement (the detection
of sudden impacts and accelerations, or random tests of an employee’s reaction), and in case of
motionlessness (high acceleration or lack of an employee for a random test), it sends an alarm signal to
the Vizum Workforce system.

This application also allows for voice contact with mobile phones and employees that can be
found in the company-wide address book or the one designed for a specific group of employees (e.g.,
contacts to individual team leaders and shifts of the company fire brigade for groups of employees
working on different shifts). As part of its improvement, at a later stage, the application is planned to
expand with a dedicated device called the Vizum Assistant, enabling, in cooperation with the Vizum
Tools module, the detection of tools and accessories that the employees have with them and checking
if they have a full set of the required equipment.

The system is also capable of conducting random and continuous surveys of employees’ OHS
(Occupational health and Safety) knowledge in the context of their type of work and places visited in
the plant with feedback on the trend of the employees’ OHS knowledge level sent to their superiors [49].
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Vizum Workforce is complemented by a Vizum ID tag (card or key fob). This is used for unmanned
identification of a worker to determine their presence and the time they stay in a given zone, as well as
for detecting the state of the card immobility, which is reported in the system as an emergency alarm
(fainting, an accident, or a card left by a worker against factory regulations) [132].

On the other hand, Vizum Vehicles enables the monitoring of the operation of the trucks in two
spaces: outdoor and indoor. In the outdoor space, using a GPS signal, it is possible to locate a truck
with an accuracy of ±5 m. In the indoor system, the halls and rooms are equipped with iBeacon
transmitters (Bluetooth technology) operating on the principle of a radio beacon (propagation of its
identification number while the position of the transmitter in the Vizum system is defined in the plant
layout), and signals from the accelerometer and gyroscope determine the position of the truck with an
accuracy of several meters. If necessary, Ultra-Wide Band (UWB) technology is used where a higher
position of accuracy (1 m) is required [132]. This solution allows for the monitoring of the operation of
the truck: the distance travelled, effective working time, presence in individual zones at a given time,
event log (stop, start-up), and the current location of the truck. The system also allows for detecting
the state of its loading with the charge and monitors the quality of furnace filling. For the purposes of
the project, the software of the control panel was devised for both furnaces 22 and 23, as shown in
Figure 13.Sustainability 2020, 1, x FOR PEER REVIEW 12 of 21 
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Due to the use of deep-learning technology, the control panel allows for visualizing the area
around the furnace in search of objects and people. Using neural network algorithms, the dispatcher
can monitor, in real-time, the position of the truck filling the furnace, the degree of its filling in a given
sector (1–2 m), and undesirable behaviors in the vicinity of the furnace (e.g., employees leaving certain
permitted zones or entering a prohibited zone, loss of consciousness, and falls).

The control panel also facilitates the management coordination of the current operation of the
furnace shop floor and the efficiency of the employees’ work through insights into the detailed
employee log that shows the daily charts of the employees (periods of work and breaks, time and place
in which they start and end work, and the time and place of preliminary and final warnings regarding
potential risks) and the comparison of individual work and safety parameters between different groups
of employees. Together with the human resources department, this allows collective reports to be
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compiled for groups of employees containing information about their work, safety, and breaches of
applicable rules (including permitted and forbidden zones and the number and length of breaks) [132].

5. Discussion

As a result of the first stage of the Vizum Factory Project implementation, the functioning of Re
Alloys’ infrastructure was rationalized. The optimum number of trucks necessary for the production
process was determined. Their number was reduced from 44 to 36 at the beginning of the project’s
implementation, which already made it possible to reduce the fixed costs related to the use of the
company’s machinery. Their functioning in the open and closed space was improved by installing 39
iBeacon transmitters and configuring 70 control zones on the company premises: 40 inside buildings
and 30 outside [133].

The implementation of solutions included in the project and originating from the concept of
Industry 4.0 also resulted in changes in the organizational structure of Re Alloys, as presented in
Figure 14.
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The organizational structure was flattened. Production, furnace building, and operating furnaces
were submitted to the quality control department, which reports directly to the technical director. With
this, the conditions for the operation of a learning organization were created.

The next point of analysis conducted after the completion of the first stage of the project was
to assess the economic effectiveness of the implemented solutions, especially those related to energy
and material consumption, which generates over 60% of the metallurgical production costs. Their
rationalization after the implementation of the company’s own Industry 4.0 tools was to increase
the competitiveness of the Re Alloys company on the market. After completing the first stage of the
implementation of the project in 2019, an improvement in energy efficiency in relation to 2018 was
noted. In the cases of furnace 22 and furnace 23, the efficiency was improved by 0.58% and 5.87%,
respectively. Such a significant difference in the energy consumption for furnaces 23 and 22, was due to
the fact that the latter furnace did not operate at full capacity during the audited period. The situation
is comparable to other research [49–51]. The detailed data are presented in Table 2.

Table 2. Electricity consumption: furnace 22, FeSi75 [t] and furnace 23, FeSi75 [t], 2016–2019.

2016 2017 2018 2019

Furnace 22, FeSi75 [t]

Energy Consumption
(MWh) 109,296.0 98,074.2 98,151.0 97,576.1

Furnace 23, FeSi75 [t]

Energy Consumption
(MWh) 105,960.3 116,832.6 124,879.2 117,538.6

Source: [133] (During 2016–2017, furnace 23 did not work full-time).

During the period considered, a decrease in the consumption of raw materials used for production
was also observed: by 2.3% for furnace 22 and 5.3% for furnace 23. This is further detailed in Table 3.
A comparable decrease in raw material consumption was observed by [40,41].

Table 3. Raw material consumption: furnace 22, FeSi75 [t] and furnace 23, FeSi75 [t], 2016–2019.

2016 2017 2018 2019

Furnace 22, FeSi75 (t)

Raw Material
Consumption 49,630.86 44,624.82 44,390.33 43,357.76

Furnace 23, FeSi75 (t)

Raw Material
Consumption 48,002.27 58,652.29 56,117.36 53,139.81

Source: [133] (During 2016–2017, furnace 23 did not work full-time).

The implementation of solutions included in the project and coming from the concept of Industry
4.0 also resulted in changes in the organizational structure of Re Alloys.

The largest problem of the smelters was the charges for CO2 emissions (the carbon dioxide
responsible for climate change). Today, this is approximately EUR 30 per ton on average. The effects
obtained by saving energy and materials in Re Alloys are part of the climate and energy policies of
the European Union and Poland, which assume a 20% reduction in CO2 emissions and a 20% use of
energy from renewable sources. The results of the first stage of the project implementation inspired the
managerial staff to include the remaining five furnaces operating on the premises of the smelter in the
second stage of the project. This stage also provides for rationalizing the method of filling the furnace
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so that its operation is stable, which will allow for further improvement of the energy and material
efficiency of production.

It is equally essential for the creators of the project to further increase the work safety of the
smelter shop floor. Due to the implementation of Industry 4.0 tools, it will be possible—in cooperation
with Protektor S.A., a leading manufacturer of protective, safe, and professional footwear—to create
the project BR POIR.01.01.01-00-0194/19, with the aim to create a complete system for improving work
safety and testing the working time with the use of footwear worn by employees. The footwear will be
factory-fitted with Vizum Footwear IoT modules that will continuously broadcast an employee ID
signal detected by Vizum Zone devices within the control zones on the plant premises for at least 24
months after activation. Additionally, the IoT module installed in the shoe will enable the detection of
an employee’s immobility to send a signal in response to a potential threat to the user.

The digital transformation and new technologies of Industry 4.0 used in the project at Re Alloys also
give the managers and employees the opportunity to further develop their new skills and competences,
which facilitates the adaptation of business models important to the steel industry. This is expected to
improve competitiveness and productivity through the increased interconnection, cooperation, and
sharing of assets.

6. Conclusions

In the analyzed case study, we assumed that the implementation of the new solution based
on digitalization caused increased energy and material efficiency, often forced by external factors
stemming from the operation of the competitive markets: Chinese, Indian, Russian, and Turkish. Today,
this is crucial, due to the mounting pressure to reduce costs induced by competition and environmental
issues. Production companies are recommended to implement the new standards of Industry 4.0, such
as production process digitalization or cloud computing, in order to improve production processes.
This may boost their efficiency and bring positive financial results. A novelty in the article is the
digitalization in a new sector—the steel industry—where the production process is still rarely fully
digital. Therefore, it is critical that all the fields essential for the steel industry are identified: economic,
political and legal, environmental, technical, and technological, as well as socio-demographic fields.

Technological changes also mean the application of IT technologies and communication systems in
managing production. Access to information is a chance to gain a competitive advantage. Innovation
and digitalization are vital for the development of metallurgy, and for companies such as Re Alloys.
Steel companies in Poland amass information and data, though they only use approximately 1–2%
of this information. The greater use of information in production management is an opportunity for
more cost-effective production (production cycles analysis, set-up time metering, etc.). During the
implementation of the project in Re Alloys, particular attention was paid to the need for the integration
of IT and operating technologies and the extent to which such integration met the requirements of
resistance to cyber-security in the broad sense. A growing number of cases of cyber-security breaches,
which take advantage of production machinery weaknesses in the network, had adverse effects on the
company’s efficiency. This entails a loss of confidentiality, integrity, and access to data, which, in turn,
significantly affects the business competitiveness.

We applied a case study method, which was the result of project implementation in an organization,
and was justified and representative, due to the repeatability of the many technical aspects of the
production processes in the branch, as the same feeding system solutions were used. We believe that
implementation of the presented solution in other companies, utilizing the same or similar technological
processes, is a huge window of opportunity for them to join European and Polish policy in reducing
their carbon dioxide emissions (EST). This is important, as the obtained environmental effects of
reduced emissions of CO2 (and other pollutants) result from a decrease in energy consumption, which
can be achieved through a change in the machinery efficiency regulation manner and the application
of energy-saving solutions.
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