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Abstract – Industry4.0 is a popular  topic in today's 
ecosystem. Many businesses that have high 
profitability, sustainable unlimited lifetime and high 
efficiency will be able to integrate Industry 4.0 
technologies, which emerged in Germany in 2011, into 
their businesses and meet changing customer demands. 
On the other hand, they will be able to gain competitive 
advantage with this new technology. The concept is 
defined as a process in which an advanced level of 
automation is applied over a virtual network, the 
machines make decisions by communicating with each 
other, the data collected with the help of sensors are 
stored in the cloud system through these virtual 
networks, and used by all stakeholders integrated into 
the system when needed. In this study, it is aimed to 
explain what the Industry 4.0 technologies 
conceptualized in 2011, the concept of smart 
production and the benefits of these technologies to 
businesses. 
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1. Introduction

On the basis of opinion differences in all of the 
industrial revolutions that have been realized until 
today, the question of “Where do these revolutions  
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take humanity?” has remained a question mark in the 
minds of all shareholders. 

In addition to dynamics that trigger industrial 
revolution is a product of an idea which always 
wants more. They are described as opportunity and 
effort to increase efficiency and hold organization 
cost at minimum [1]. While the trigger factor in the 
mechanization that began with the 1st Industrial 
Revolution was the invention of steam-powered 
machines, the use of this energy in the machines 
contributed to the increase of efficiency with the 
discovery of electricity in the 2nd Industrial 
Revolution. The development of information 
technologies contributed to the emergence of new 
approaches. 4th Industrial Revolution caused the 
reinterpretation of known several truths. This 
technological revolution first appeared in Germany 
and differs from other revolutions with its structure. 
This revolution [2] that has a structure, covering the 
development of new generation technologies and 
their integration into system in which physical and 
cyber world coexist, is an ecosystem in which people 
work in a more strategically oriented areas. Machines 
and robots are used in the production; devices have 
the ability to make decisions with algorithmic 
calculations.  

We are faced with a lifestyle that turns into the 
world of several smart devices, from smart homes to 
smart cars that connect with each other, make life 
more comfortable for people, with ecosystem, 
technologies of internet of things. Production 
businesses also have their share of all these 
developments. Businesses that aim to be sustainable 
show great interest to these new technologies, which 
enable to make private, flexible production, in order 
to keep up with this change. With these new smart 
manufacturing technologies to be acquired, 
businesses will provide themselves big advantage 
within the competition by both increasing their 
productivity and decreasing their costs. The 
adaptation of developed countries, in which labour 
costs are high, will cause increase the differences 
with the developing countries within the level of 
income. When considered from this point of view, 
the adaptation of developing countries, which have a 
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voice in the production with the contribution, 
provided by a downward move in the labour costs, to 
these new technologies, has become more significant 
in order to protect their existing workloads. 
 
2. Literature 
 

In this chapter of the study, Industrial Revolutions 
revealed by new technological developments and 
differences between these developments are analysed 
with literature review. In addition, findings, obtained 
from several studies in the literature review, enable 
us to determine benefits of new technologies for 
businesses and people. The appearance aim of all 
Industrial Revolutions is to increase the efficiency of 
production activities of inventions during their own 
period [3]. When considered within these results, 
case, which is accepted as the first leg of change, is 
the change which started in England in the middle of 
18th century. Later, this change expanded to Europe 
then the entire world [4]. Before the discovery of 
machines, textile was accepted as the sector, in which 
production rate was highest, in the production sector. 
It was United Kingdom, at the highest level in this 
sector at that time, which enabled rapid transition to 
mechanization in the textile sector [5]. When all 
Industrial Revolutions considered, while the need for 
labour force decreased with every revolution, the 
need for qualified worker always increased and the 
abilities of workers gained importance rather than the 
number of workers [5]. It is generally accepted that 
Industrial Revolutions go through four stages, it is an 
unquestionable fact that new technologies have 
accrued to previous technologies with transitions 
between revolutions and engineering applications 
have been vital in every industrial revolution. 
Contents and periods of four industrial revolutions 
are explained in Table 1. 

 
 

Table 1. The Chronology of Industrial Revolutions [6] 
 

 
 

 During the 1st Industrial Revolution, 
mechanization showed increase after the use of coal 
instead of wood and bio fuel and the discovery of 
steam-powered machines [7]. With the use of steam-
powered machines in textile sector, several changes 
have emerged [8]. These developments in the 
industry brought increase in the supply of 
commercial goods with intense mass-production 
which emerged after the revolution. This ended up 
with decrease in unit costs and abundance of supply. 
Concordantly, significant decreases in prices 
happened [9]. 

The period, called Industry 2.0, included a time 
period, started in 1870 and continued to 1989. The 
most important issue in this period was the used of 
electricity in the production [10]. This new discovery 
enabled machines to be used more ergonomically and 
efficiently. Therefore, countries that gained strength 
by means of electricity specialized in chemistry, oil, 
plastic and steel sectors [11]. 

After two revolutions, if we consider the 
realization of the third industry and whose 
development triggered this revolution, concepts like 
Information, Bio-Technology, Nano Technology and 
communication technologies were accepted as the 
pioneers of revolution [11]. 

Third Industrial Revolution enabled the discovery 
of PLC (programmable logic control) with the 
digitally programming of Modicon automation 
systems in 1969. These developments made possible 
to obtain flexible and efficient productivity [8]. 

The concept of Industry 4.0, defined as a new 
ecosystem in 2011, aims to enable businesses to 
analyze big data real-timely and make strategic and 
operational decisions by having flexible production 
processes [6]. According to Özel, the aim of 4.0 is to 
enable lower production cost and make production 
faster, cheaper and also more qualified and less 
wasted by using robots that are connected with each 
other. Similarly, the aim is to analyze data, perceive 
the process with sensors, and additionally realize the 
needs in the production. In the development from 1st 
Industrial revolution to industry, in 4.0  goods are 
produced in a more people-oriented way in today’s 
production facilities, reaching today’s requirements 
of production processes and having smart production 
facilities as sustainable business facilities, which 
impel  its importance [6]. This development in the 
industry revolution is the use of cyber systems and 
physical systems together.  

 
3. Industry 4.0 Technologies 
 

Industry 4.0 does not have a homogenous structure 
which is limited with internet technologies. Besides 
being a situation in which goods, produced by 
production systems interconnect and physical data is 
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retrieved to digital field, it is seen as the whole 
technology in which revolution technologies can 
communicate, analyze and enable these findings to 
transit from physical to digital and digital to physical 
by using them to maintain smart actions in the 
physical world [12]. Integration provided with the 
internet constitutes the foundations of industry 4.0. 
With this integration provided including 
technologies, businesses will be able to obtain 
flexible solutions, optimize production and gain 
advantages in the competitive environment, as well 
as making decisions. [6].   

The necessity of three basic characteristics in order 
to use these technologies include  the digital 
integration of engineering throughout horizontal 
integration, vertical integration and production 
system networks through all value chain [13]. 
Industry 4.0 technologies are presented in Figure 1. 

   

 
 

Figure 1. Industry 4.0 Technologies 
 

3.1. Internet of Things 
 

Due to this new technological concept, named as 
internet of everything, machines and devices have the 
ability to communicate with each other over-the-net 
[14]. When considered within the internet of things 
and services, and functionality in businesses, this 
communication helps factories to become smart 
environment by creating networks that include all 
production processes [6]. 

Internet of things provides three basic 
opportunities. , First of them is to obtain data 
regarding consumer effect with new contextual data 
sources, which reflect things around, and by 
combining several data with smart analytics. The 
second opportunity is to make solving problems 
possible by increasing creativity with both end-to-
end automation and association of human-machine 
with these devices which are in communication and 
coordination in a way that increases effectiveness 
and efficiency. The last one is to enable new 
interactive things to emerge in order to provide value 
for humanity [15]. 

3.2. Cyber Physical Systems 
 
With exponential information processing that 

enables getting stronger, new interrelated technologic 
systems to increase in transmission, storage capacity 
and also continuous progress in the information and 
communication technologies are some of the cyber 
physical systems features. In other words, 
communication between physical world and cyber 
worlds and all of the structures that include 
integration are defined as cyber-physical systems 
[16]. The most important feature of cyber-physical 
systems is defined as enabling nimble and dynamic 
needs of production, taking efficiency to higher 
degrees besides effectiveness of all industry. Cyber 
physical systems refer to the integration of physical 
processes and calculation.  

 
3.3. Horizontal and Vertical Integration 

 
Vertical integration requires cross connections and 

digitalization at different hierarchical levels in 
business units within the organization. Hence, 
vertical integration initially renders transition to 
smart factories, which are small and different in 
numbers, have efficiency at an acceptable level, 
make production possible to adapt to more demand, 
have high flexibility, and possible [13].  

By means of Industry 4.0, in which vertical and 
horizontal integration are realized, it is possible to 
quickly answer to changes and problems in 
production processes, smoothing of production 
especially to consumer and customized goods,  
increase resource productivity, obtain optimization in 
global supply chain. In addition, it is possible for 
businesses to reach more flexible structure and 
needed changes that can be met with simple interface 
updates. 

 
3.4. Big Data and Data Analytics  
 

To mention advantages which are provided to 
today’s business world from Industry 4.0 
technologies within the context of big data, data can 
be produced with the help of machines and devices 
and recorded within the cloud-based systems [17]. 
Business managers or consumers can easily acquire 
this data when there is a need for it. It is foreseen that 
the size of data on the network will refer more than 
just purchasing product in the upcoming years.  

Analysis methods that benefit from big data 
groups, finding new application area in production 
itself, not only increase the quality of production but 
also make possible maintenance and repair of 
equipment to be made more easily with energy 
conversion.  
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3.5. Cloud Computing 
 

When considered with the production, cloud 
computing is argued as a production method that is 
binding shared, distributed production resources to a 
line with a sharing logic by increasing productivity, 
creating cyber-physical production lines that 
decrease production costs and contribute to providing 
optimum resource [18]. This technology is seen as 
the most important technology that will provide the 
occurrence of smart factory networks that realize the 
transformation of traditional business model for 
manufacturing industry, have influence on the 
transformation state of business strategy to coherent 
form, and support the occurrence of an important 
coordination [19]. 
 
3.6. Artificial Intelligence 
 

Artificial Intelligence is defined as a cognitive 
science that has wide research practices in the fields 
like processing display, processing natural language, 
and learning robotic machine [20].  What is expected 
from artificial intelligence is creating a rational result 
regarding the issue as well as presenting solutions to 
possible problems, making instant decisions as if 
being a human by having a mind at human level [5]. 
In the production areas, artificial intelligence takes 
smart production to high level in many ways. 
Advanced analytical tools in machines can analyze 
the data collected from censors for monitoring and 
estimating engine troubles, overloads or other 
problems. This provides a predictive maintenance 
opportunity that helps to prevent stopping times, 
caused by unpredicted breakdowns [21]. 

 

3.7. Additive Manufacturing 
 

Additive manufacturing, named as “3D print” in 
the literature, is defined as a system that creates a 
physical object by printing layer on layer from a 
three dimensional digital drawing or model. It is an 
exact opposite application of subtractive 
manufacturing in which layers are removed by pieces 
until desired form of a material is finally reached 
[15]. This technology that decreases substantially 
production costs will create an important awareness 
in terms of production and innovation for developing 
countries. This technology will make a big 
contribution to the transformation of creative ideas 
and designs into real models, last products and 
prototypes by bringing changes and innovations that 
break ground in the production technologies [7]. 

 
 
 
 

3.8. Augmented Reality 
 

Augmented reality contributes to the integration 
of information, revealed by additional computers into 
the real world. Most of the latest augmented reality 
practices are the adaptation of computer graphic 
users to their environment. Augmented reality will 
have application areas in activities such as assembly 
and disassembly, information management, 
education, examination, and assignment. This 
technology enables accessing information at another 
level and type of use by increasing virtual sense of 
information [22]. 

 
3.9. Cyber Security 
 

Cyber security is defined as keeping under control 
of data security. Devices are being active   on the net 
means that they remain unprotected in a danger 
environment. Security that cannot be provided can 
result in data loss and inability to provide 
information security. Information security, holding 
the control matters significantly within the context of 
technical, legal and human-centred security in 
response to threats that can emerge during activities 
such as creation, processing, storage and even 
destruction of information in the organization in 
which it is produced or out of organization. The 
purpose of cyber security systems is to ensure the 
security of companies, as well as to ensure that 
physical communication is carried out in the most 
appropriate environment. 

 
3.10. Smart Factories and Smart Production 
 

Increasing demands to customized goods and 
services and frequent market fluctuations cause 
disruptive difficulties to provide management and 
control of production processes. The integration of 
Industry 4.0 technologies to vertical integration 
transforms traditional factory into more flexible and 
reconfigurable production system, in other words, 
smart production facility [13]. In order to prevent 
possible disruptions, smart factories are defined as 
new smart manufacturing systems that cover 
regulation in data management and practice-based 
future advanced manufacturing technology. The aim 
of smart factories is to put  into production 
ecosystems that produce goods that have high 
production efficiency, do not sacrifice quality and at 
the same time have low cost and resource 
consumption, have an environment perception in 
which industrial devices act together with network 
technology that can be reached from everywhere. 
[23] state that people, machines and resources keep 
in touch with each other like a social wax in smart 
factories and they know how they should be used in 
detail.  They argue that they actively support 
production process of these systems [6]. 
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Kang et al. argue that smart production, accepted 
as a new paradigm in the fourth industrial revolution, 
accepted as the last revolution in the manufacturing 
industry is the latest technology that is to support 
making real-timely effective and right decisions by 
means of convergence with the introduction of 
various data processing technologies and existing 
production technologies [24]. In their studies, Frank 
et al. analysed the smart production in six main 
dimensions. These are vertical integration, 
virtualization, automation, traceability, flexibility, 
and energy management.  

 
3.11. Why Smart Production? 
 

The term of smart production is especially used to 
refer to digital production network [6]. In order to 
produce more than one small party goods in smart 
production, more different types of resources can be 
together in the system. While switching between 
different types of goods, necessary resources and 
connecting way to these resources can be 
restructured automatically and online. There is a 
structure in which machines have interactive high 
speed connections with products, information system 
and working group [13]. In their studies regarding 
how Industry 4.0 technologies affect production 
efficiency in organization, [25] state that these 
systems and technologies connect with each other by 
using standard internet-based protocols. In addition 
to that, they argue that they can restructure 
themselves by detecting errors; they can collect data 
from machines by censors and internet connectivity, 
and provide faster and more flexible and efficient 
processes in order to produce high-qualified goods 
with lower costs.  

In smart production systems, the technologies and 
services of internet of things and cloud systems work 
relationally and conjointly with physical systems. In 
other words, physical things and virtual structure are 
built one within the other. Within the self-
organization of system with connections, provided in 
this structure, it enables physical things to make 
connections and contact with each other and to be 
self-organized. Smart structures, integrated into 
smart production can produce huge data. This 
obtained data can be transferred with possessed 
virtual network, big data can be retrieved from 
system when needed with cloud computing and they 
can be used as an important data during making 
decisions [13]. In smart production, products find the 
way which is necessary throughout production 
processes by themselves and easily defined.  

In their studies, [26] state that a production process 
will be possessed with 30% faster, 25% more 
efficient transformation to smart production in 
production systems with the use of Industry 4.0 

technologies. In their studies, [27] state that 82% of 
organizations that apply smart production 
technologies production processes have continuous 
efficiency increase in the production. 49% of them 
encounters fewer product defect and customer 
satisfaction of 45% of them has developed in a 
positive way.  

 
4. Conclusion 
 

Today, changes, arisen with the effect of 
uncontrollable environmental factors force 
organizations, in which people are, to keep up with 
change with every new technology wave since pre-
agricultural times and affect organization in this way. 
Business environment that experiences breaking 
point with the first Industrial revolution, increase in 
the demand with industrial production, increasing 
population and urbanization, trigger the change trend 
and this provides several innovations to be 
experienced at certain time from past to present.  

Fourth industrial revolution makes the line 
between human and technology less visible by 
increasing the interaction of physical and digital 
worlds. The effect of these changes on working types 
of people and value, produced by organizations will 
cover all economies and industries and the future of 
business will be redesigned. Several organizations in 
the developed countries around the world prefer 
countries, in which labour force is cheap, for many 
operations towards production as a force of 
competitive price policies and in order to keep 
production costs at low level. Consumer in the 
position target group prefers to diversification of 
supply chains for the protection of brand image with 
the delivery risks, which can be arisen because of the 
singularity of supply chain. Industry 4.0 technologies 
will be able to enable, even partially, some 
production operations in their countries by affecting 
positively labour costs of developed countries [1]. 
From this point of view, developing countries like 
Turkey should not ignore the face-off possibility with 
the risk of losing the cheap labour force advantage. 
That developing countries take position as opposed 
to the advantages of developed countries, provided 
by the integration of Industry 4.0 technologies and 
smart production technologies, making production 
processes smart, and at the same time applying these 
technologies in practice by using Industry 4.0 
technologies that enable them to use production 
processes in a proper and competitive way, reaching 
thus great importance. The realization of a 
coordinated transformation with industrial enterprises 
in our country, when considered factors like cost and 
efficiency expectations of digitalization in this period 
during which several uncertain ties were experienced 
and countries preferred more protectionist foreign 
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trade policies in the international trade because of 
fight against epidemic; the importance of Industry 
4.0 technologies and smart production is not only 
understood but also the of use them in the field has 
become an important issue.  

Companies put up a fight to decrease the 
production costs, increase production efficiency, 
support industrial growth, change the structure of 
labour force and as a result of these; take the power 
of competition of itself and the area in which it exists 
to a higher level;  create investment and marketing 
strategies in the issues like technological innovation, 
the employment of qualified worker that underlie the 
bases of Industry 4.0 [28].It is pointed out in many 
studies that technologies such as cyber physical 
systems, internet of things, artificial intelligence, 
technologies of the Industry 4.0 provide advantage to 
organizations to understand the necessities in future.  

The adaptation level of countries and companies to 
technological transformation that develops 
irrepressibly has the characteristics of guidance 
regarding their future position. Digital 
Transformation in Industry Platform, which 
supported by several organizations and  business 
world organizations such as TUSIAD (Turkish 
Industrialists' and Businessmen's Association) in 
Ministry Of Science, Industry and Technology, 
Turkish Union of Chambers And Exchange 
Commodities, Aegean Region Chamber of Industry 
contribute, was established in order to support the 
transition of Turkey into Industry 4.0.  In addition to 
these organizations, by increasing collaborations 
between business world and universities within the 
scientific research the encouragement of business 
world regarding these technologies will contribute to 
applications by increasing the familiarity of 
technologies. Compared to past years, many studies 
regarding Industry 4.0 technologies are made by 
academes in our country. Most studies were made as 
a literature study. These studies will be made in the 
direction of empirical studies to add new values to 
literature, and they will also contribute positively to 
development and transformation as a result of 
tangible data in the business world. 
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