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Abstract. A fourth industrial revolution is prophesied, and there is a potential for 

the industrialized world to proactively adapt suitable practices. Despite the large 
interest from both industry and academia, a drawback with the vast literature on 

initiatives that tap into the fourth industrial revolution, Industry 4.0 and alike, is the 

fuzziness when it comes to terminology and content. The terms are mixed up, and 
sometimes used interchangeable and the constituent parts are not fully described. 

The purpose of this paper is to present the content of initiatives related to the fourth 

industrial revolution in a structured manner. This is expected to support 
understanding for the content of the fourth industrial revolution and thereby 

facilitate the transformation. The results presented in this paper is based on a 

traditional literature review. In total 13 relevant review papers were identified. The 
identified papers were analyzed, and a framework was developed including 

technologies and design principles. In total, eleven technologies and twelve design 

principles were identified for Industry 4.0. The most frequently occurring 
technologies were Cyber physical systems, Internet of Things, and Big data. The 

most frequently occurring design principles were Smart factory, Service orientation 

and Sustainability and resource efficiency. A categorization of the content into 
technologies and design principles clarify and structures the content of Industry 4.0. 

The developed framework can support academics in identifying, describing, and 

selecting Industry 4.0 scenarios for further investigations. For practitioners, the 
framework can give a basic understanding and some guidance in their 

implementation journey of Industry 4.0.   

Keywords. Industry 4.0, Smart manufacturing, Smart factory, Cyber physical 

systems, Internet of things 

Introduction 

The industrialized world is facing a fourth industrial revolution. For the first time, this 

revolution is prophesied, meaning that we can proactively apply and adjust suggested 

practices [1]. The fourth industrial revolution is expected to significantly change the 

technical, economic and social systems in industry [2]. The fourth industrial revolution 

is characterized by a high level of complexity and network integration of product and 

production processes [3]. Manufacturing industry has already begun its transformation, 

and as one example the German government launched the project Industrie 4.0 to tap 

into the fourth industrial revolution [4]. Industrie 4.0 is described as a new paradigm for 
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improving productivity and flexibility through digitalization and is expected to deliver 

fundamental improvements to the industrial processes involved in manufacturing, 

engineering, material usage, supply chain and life cycle management [4]. Since 2011, 

when the project Industrie 4.0 was launched at the Hannover Fair, the fourth industrial 

revolution is sometimes referred to as Industry 4.0. Several similar initiatives have been 

launched, such as Smart Manufacturing in US and Smart Factory in Korea [5, 6]. The 

different initiatives have many similarities and are often used as synonyms to denote the 

fourth industrial revolution [5, 6]. For this paper, we apply Industry 4.0 as a common 

term for various initiatives related to the fourth industrial revolution. 

Despite (or maybe because of) the large interest from both industry and academia, a 

drawback with the vast literature on initiatives that tap into the fourth industrial 

revolution, Industry 4.0 and alike, is the fuzziness when it comes to terminology and 

content. The content of these initiatives has been described as for example technologies 

[3, 6-8], building blocks [9], design principles [7, 10, 11], components [11], tools [12] 

and similar terms. The terms are mixed up, and sometimes used interchangeable and 

furthermore, the constituent parts are not fully described. There is still no consensus on 

terminology and content of these initiatives [3].  

Initiatives that intends to describe the fourth industrial revolution and the involved 

technological advancements are fuzzy. The fourth industrial revolution might be in a near 

future, organizations need to prepare themselves to embrace this potential, to remain 

competitive in the fierce and competitive market. Since the content of the initiatives 

themselves are unclear, organizations are struggling to identify and implement activities 

related to the understanding and transformation to the fourth industrial revolution [7, 10].  

The purpose of this paper is to present the content of initiatives related to the fourth 

industrial revolution in a structured manner. This is expected to support understanding 

for the fourth industrial revolution and thereby facilitate the transformation. To achieve 

the purpose two research questions are formulated:  

RQ1: What are the components of Industry 4.0? 

RQ2: How can the components of Industry 4.0 be structured to support the 

transformation? 

The rest of the paper follows a traditional structure. Initially we present the selected 

research methods and logic applied for the analysis. Thereafter the content of Industry 

4.0 is revealed with a theoretical framework. Finally, the findings are discussed, and 

conclusions are drawn. 

1. Methodology  

This paper is based on a traditional literature review [13]. The literature review search 

was on Industry 4.0 with synonyms in the search engine Scopus. The search was limited 

to, document type; review, language; English and year from 2015 - 2019. The first search 

resulted in 154 papers. Next step was a screening of title and abstract for eligibility, that 

the papers where focused on several components of the initiative not just on a certain 

component. During this process snowballing techniques were also used on papers that 

seemed interesting [14]. In total 13 relevant papers were identified. These 13 papers went 

through a content analysis [15].  

      From the content analysis it could be established that Industry 4.0 is considered to be 

an unclear term [7, 10] and there is no consistent classification of components of the 

content of Industry 4.0. Source triangulation was used in the content analysis to ensure 



the validity of the components [16]. The component had to be represented in more than 

one paper to be included, twenty-three components were found. Some components 

resembled each other, and these were gathered into one component, e.g. cloud computing, 

cloud manufacturing and the cloud or e.g. service orientation and new business models 

etc. 

     It should be added that the original references were traced for the 23 components 

found in the 13 papers. This was also done to be able to elaborate further on the 

components.  

All 23 components were structured based on a framework divided into two 

categories, technologies and design principles. The number of occurrences of the 

technologies and design principles in the 13 reviewed papers were also analyzed. This 

was done to give an indication of the most frequently occurring technologies and design 

principles. For the components that resembled each other, and gathered into one 

component, e.g. cloud computing, cloud manufacturing and the cloud, duplicated 

references were not counted. The technologies or design principles with the same number 

of occurrences were sorted based on alphabetic order. 

2. Revealing the content of Industry 4.0  

Several of the reviewed articles [1, 7, 9-11, 17] described the components of Industry 4.0  

in terms of technologies and/or design principles. Based on this, a framework was 

developed based on these two components. Technologies describe the advanced digital 

technological innovations that, if used, can ascent the new digital industrial technology  

[1, 18]. Design principles address the issue of fuzziness in Industry 4.0 by giving a 

systemization of knowledge and describing the components of this phenomenon [7, 10, 

19]. The design principles allow manufacturers to anticipate the adaptation progress of 

Industry 4.0, and give them the “how to do” knowledge in developing suitable methods 

and solutions required for Industry 4.0 transition [7]. In this chapter the content of 

Industry 4.0 is described with the framework 

2.1. Technologies of Industry 4.0   

The technologies are sorted based on frequency of occurrence in the reviewed papers, 

see table 1 for an overview and source.  

Cyber physical systems (CPS) [3, 5-11, 17, 20-22] is closely linked to Internet of 

things (IoT), described below. In addition to the IoT, CPS enables the fusion of the 

physical and the virtual world, through the integration of computing and physical 

processes [4]. CPS integrate imaging and control functionalities into the relevant systems. 

With this technology systems can respond to any feedback generated e.g. performance 

data of a machine. Which allow instant control and check of process feedbacks for the 

sake of generating needed outputs [11]. Lee et al. [23] suggested the 5C framework for 

realizing CPS; (1) smart connection level, (2) data-to-information conversion level, (3) 

cyber level, (4) cognition level, and 5) configuration level. In short, CPS consist of two 

important elements; A network of objects and systems communicating with each other 

over the internet with a designated address and, a virtual environment that is created by 

computer simulation of objects and behaviors in the real world  [11]. CPS is also referred 

to as Cyber-physical production system (CPPS) [8, 9]. CPS/CPPS are often used 

interchangeably [8]. CPPS is an applied form of CPS in production [24].  



Internet of things (IoT) [3, 5-11, 17, 20, 22] enables physical objects to communicate 

with each other and further to share information and to coordinate decisions [25]. IoT is 

the inter-networking of physical devices, vehicles, buildings, and other items embedded 

with electronics, software, sensors, actuators, and network connectivity that enable these 

objects to collect and exchange data [26]. IoT is also commonly referred to as Industrial 

Internet of Things (IIoT) [5, 12], which addresses the industrial application of IoT [27]. 

IIoT not only refers to the network of the physical objects in industry but also includes 

the digital representations of products, processes and manufacturing infrastructure such 

as 3D models or physical behavior models of machines [28].  

Data is being generated continuously by everything in the surroundings. Every 

digital process and social media exchange produce data, transmitted by systems, sensors 

and mobile devices. Big data [3, 8, 17, 20, 22] or big data analytics [5-9, 11, 12, 22] is 

a technology that can analyze large data sets including real-time data that are difficult to 

analyze with traditional methods [11]. Data analytics generally deals with turning the 

volume, variety, velocity and veracity of data into actions and insights within a 

manufacturing system [29]. Big data analytics can enable organizations to gain better 

value from the massive amounts of information they already have. Furthermore, it can 

identify what is likely to happen next and what actions should be taken to achieve the 

optimal results [30].  

Cloud computing [3, 5, 7-9, 20, 22] provides manufacturers with cloud-based 

software application, web-based management dashboard and cloud-based collaboration 

[31]. This enables the integration of distributed manufacturing resources and 

establishment of a collaborative and flexible infrastructure across geographically 

distributed manufacturing and service sites [31]. Cloud manufacturing (CM) is also 

mentioned as a technology of Industry 4.0 [6, 8, 9] and is driven by cloud computing 

[29]. CM is a customer-centric manufacturing model that exploits on-demand access to 

a shared collection of diversified and distributed manufacturing resources. CM can form  

temporary and reconfigurable production lines that enhance efficiency, reduce product 

lifecycle costs, and allow for optimal resource loading in response to variable customer 

demand [32]. Some articles also use the term Cloud [9, 11, 12]. The cloud allows delivery 

of information much faster than standalone systems, quick updates, up to date 

performance models and other delivery options [11]. It is a mechanism for sharing 

information with collaborators. The cloud is characterized by its speed, which allows 

administrators to store data in the cloud and implement new systems to monitor and 

control processes through digital platforms [33]. 

With the use of internet, manufacturer strive to establish a direct link to consumers 

to strengthen their competitiveness [34]. This can be achieved with the technology 

Internet of Services (IoS) [3, 5-9, 11, 17, 21, 22]. Through sensor-based products 

information about product usage and condition is transferred to the manufacturer. This 

information can be used e.g. to charge the customer based on the usage of the product, 

or to deliver proactive and preventive maintenance of the product [35]. This technology 

pursuit a similar approach to IoT, however, it is applied to services instead of physical 

entities [17]. IoS can facilitate Product-as-a-service (PaaS) business model, which will 

be further described below in the design principle service orientation.  

Augmented reality (AR) [6-9, 11, 12, 17, 20, 21] is an enhanced version of reality 

were live, direct or indirect, views of the physical real-world environments are enhanced 

with overlaid computer-generated images [11]. AR is commonly used in real-time 

operation monitoring, fault diagnostic and recovery and training, related to industrial 

products and processes [36]. 



Automation and industrial robotics [5-9, 12, 17, 20, 21]  promise numerous benefits 

such as reduced part cycle time, lower defect rate, higher quality and reliability, reduced 

waste and better floor space utilization [37].  Automation is about achieving a process or 

procedure performed with minimal human assistance, with support from software, 

machines and robots [38]. Robots can carry out difficult things and operate in dangerous 

and unfavorable conditions [11]. The demand for industrial robots has increased due to 

the ongoing trend toward automation among manufactures [7]. 

Simulation and modeling techniques [6-9, 12, 20, 21] aims for simplification and 

economic favoring of the design, realization, tests and running a live operation of 

manufacturing systems [39]. It evaluates the changes and behaviors in the configuration 

of machines, process flow and plant designs. It tests the effectiveness of the changes 

without them being realized, ensuring success under certain conditions, or rejecting the 

step of the operation [40]. Simulation and modeling enable manufacturers to prevent 

errors at an early stage that might otherwise result in substantial costs, it can also be used 

e.g. to optimize a manufacturing plant during ongoing daily operation [1]. 

Additive manufacturing or 3D printing [6-9, 12, 20] is a manufacturing technique in 

which parts are built by melting thin layers of powder and adding one layer of material, 

either plastic or metal, on top of another, based on the geometry of a Computer-Aided 

Design (CAD) modules [37]. Additive manufacturing enables manufacturers to produce 

prototypes and proof of concept designs, which simplify and speeds up the processes of 

new product design and manufacturing [1]. The technology also allows to obtain small 

samples without wasting material, which results in savings [41].  

 A sensor [5, 17, 20, 21] or sometimes referred as smart sensor [6, 8] is the most 

basic technology for collecting and controlling data in real-time [6]. This technology is 

one of the most important technologies at the device or hardware level in realizing IoT, 

CM, and CPS [6].  

Virtual reality (VR) [6, 8, 9, 20, 21] creates a simulated environment that can be 

similar or completely different from the real world. It is possible to look around the 

artificial world, move around in it, and interact with virtual features or items [42]. VR is 

commonly used for educational purposes [42].  

2.2. Design principles of Industry 4.0 

The design principles are sorted based on frequency of occurrence in the reviewed papers, 

see table 1 for an overview and source.  

Smart factory [3, 5-11, 17, 21, 22] is a key feature of Industry 4.0 when 

implementing IoT and CPS, this allows the creation of an intelligent environment along 

the entire value chain, enabling the performance of flexible and adaptive processes [4]. 

The environment in a Smart factory consists of an integrative real-time 

intercommunication between every manufacturing resource, sensors, machines, robots, 

humans, products etc. Implementing the Smart factory can increase the manufacturing 

efficiency and respond to highly complex market requirements [43]. Smart factory is also 

known as lights out factory, the most prominent feature is that they do not need human 

interference to work, hence the lights can be out [11]. In these factories, production is 

carried out entirely with robotic systems [11].  

The emergence of new technologies in Industry 4.0 have changed the way products 

and services are sold and provided. Which affects traditional businesses models and 

brings new business opportunities [44] to the market. Such as Service orientation [3, 5-

7, 9, 11, 17, 21, 22],  also referred to as New business models [3, 6, 7, 11, 12, 17, 22]. 



Manufacturing as a service (MaaS) and Product-as-a-service (PaaS) are new types of 

business models. MaaS rests at the foundation of the use of IoT and cloud computing 

and the interconnectivity between manufacturers. With these technologies it is possible 

for the companies to communicate their manufacturing needs and capacities 

automatically, this can shift the physical product as the primary goods to the production 

capacity of manufacturers, known as MaaS [45]. The PaaS business model rest at the 

foundation of IoS and Smart products to monitor when and how the products are used. 

Products are offered as a service or virtualized experience. Instead of a single direct 

payment, customers can subscribe to the product and pay e.g. a monthly fee[7].  

When implementing Industry 4.0, Sustainability and resource-efficiency [5-9, 11, 

20-22] should be in the focus of the design of industrial manufacturing processes. The 

realization of sustainability and resource efficiency enables efficient coordination of the 

product, material and energy all throughout the product life cycle [46]. This is a 

fundamental framework for a successful product [21]. 

Industry 4.0 is all about collecting real-time, and real-world data through a range of 

different dimensions, from factory, product, business partners etc. this Real-time 

capability [3, 6-11]  is supported by IoT [23]. Although, it is not just about collecting 

data it is also to analyze in real-time and make decision in line with the results [47], as 

described in the technology big data analytics. Furthermore, the design principle 

virtualization described below is also heavily dependent on real-time data. 

The design principle Decentralization [3, 7-10, 21] is the movement away from one 

large administrative center that disperse functions and powers across an organization. 

Decentralization enables different components in Industry 4.0 to work independently and 

make decisions autonomously, e.g. machines do not depend on human interference to 

work, even with exceptions, interferences and/or conflicting goals. The machine would 

still remain aligned with the path toward the single ultimate organizational goal [1, 8]. 

Self-regulating systems and intelligent control mechanisms such as CPS enable 

decentralization. The embedded computers, sensors, and actors allows for monitoring 

and controlling the physical world autonomously, making automated decisions based on 

performance data [10, 21]. 

The design principle Interoperability [3, 6-9, 11] is about the ability of two systems 

to exchange data, share information, to understand each other and to use functionality of 

one another [48]. To implement Industry 4.0 interoperability must be achieved between 

systems [49]. The architecture of interoperability can be divided in four levels: 

operational, systematical, technical, and semantic interoperability [3]. 

Modularity [3, 7-11] concerns the shift from linear manufacturing and planning, 

rigid systems and inflexible production models towards an agile system that can adapt to 

an ever-changing circumstances and requirements [1]. Modularity involves the entire 

production and manufacturing levels to the changing requirements of the market by 

replacing or expanding individual modules [8]. 

The working tasks will look different in Industry 4.0, employees will need to have 

other skills and the skills need to be developed to cope with new tasks [7, 50]. Industry 

4.0 will demand for new skills and it is required by society and organizations to create 

opportunities for education of the required skills [51]. Hence, companies that aim for 

Industry 4.0 should focus on Skills development [5-7, 11, 17, 21] of their workforce [7, 

50]. It is also expected that Industry 4.0 will create numerous job opportunities, 

especially related to informatics and mathematics and computer engineering [7]. The 

new required competency fields need to be included in curriculum designs in academic 



program [12]. To sum it up, more skilled staff will be required in technological fields to 

address Industry 4.0 requirements [51]. 

The design principle Virtualization [3, 7-11] can enable a replication of a digital 

twin of the entire value chain by merging sensor data acquired from the physical world 

into virtual or simulation-based models e.g. factory or product [40]. A virtual twin of a 

factory can enable testing different scenarios e.g. to optimize the functionality of 

production lines without disrupting the physical factory [1]. Virtualization is heavily 

dependent upon the real-time capability to be able to have and accurate digital twin [52]. 

Within Industry 4.0 environment, “things” are connected through the internet or 

amongst themselves to create a fully interconnected industrial networked environment 

across the supply chain. With the high number of interconnected things in Industry 4.0 it 

requires secure, safe and reliable communication to ensure that any decisions and actions 

are made based on dependable and properly authorized information [53]. The design 

principle Cybersecurity [6-9, 12] should incorporate security mechanisms that provide 

confidentiality, authenticity, integrity, access control etc. These mechanisms can be used 

to prevent computer and network intrusions and attacks. Furthermore, a cybersecurity 

architecture should have autonomic detection and response to cyberattacks with 

prevention techniques in order to achieve effective and robust cybersecurity systems [54]. 

Smart products [3, 7-9, 17] is the new generation of physical products that can with 

different types of sensors embedded to them, communicate with the environment, collect, 

store and transfer data, during their life cycles [55]. Smart products are characterized by 

several key features such as computation, data storage, communication and interaction 

with their environment, being able to identify themselves, storing data about their 

production process and providing information about further steps regarding production 

and maintenance [55]. These type of product can facilitate Product-as-a-service (PaaS) 

business model [1], described above. 

The design principle System integration [7, 12, 17, 22] refers to the process of 

bringing together the component subsystems into one system to ensure that the system is 

able to deliver the intended functionality [7]. There exist three different types of 

integration, End-To-End, Horizontal, and Vertical integration. End-To-End Engineering 

Integration refers to the integration of a continuous and consistent product model that 

can be used in every stage. In a product-centric value creation process, a chain of 

activities is performed e.g.  customer requirement expression, product design and 

development, production engineering etc. The product model should be possible to use 

in every stage [22]. In the fields of production and automation engineering and IT, 

horizontal integration refers to the integration of the various IT systems used in the 

different stages of the manufacturing and business planning processes that involve an 

exchange of materials, energy and information both within a company (e.g. inbound 

logistics, production, outbound logistics, marketing) and between several different 

companies (value networks) [4]. Vertical integration refers to the integration of the 

various IT systems at the different hierarchical levels within a company (e.g. the actuator 

and sensor, control, production management, manufacturing and execution and corporate 

planning levels) [4].  

2.3. Summary of the technologies and design principles of Industry 4.0  

The content of Industry 4.0 revealed eleven technologies and twelve design principles. 

The technologies with the most occurrences in the 13 reviewed papers are; CPS, IoT and 

big data. The design principles with the most occurrences in the 13 reviewed papers are; 



Smart factory, Service orientation and sustainability and Resource efficiency, see table 

1.  

 
Table 1. The content of Industry 4.0 categorized into technologies and design principle, organized in the order 
of most occurrences in the reviewed articles. 

Technologies  Number of occurrences 

[source] 

Design principles Number of occurrences 

[source] 

Cyber physical systems 
Internet of things 

Big data 

Cloud 

Internet of services 

Augmented reality  

Automation and 
industrial robotics 

Simulation and modeling 

Additive manufacturing 
Sensor 

Virtual reality 

12[3, 5-11, 17, 20-22] 
12[3, 5-12, 17, 20, 22] 

11[3, 5-9, 11, 12, 17, 20, 22] 

10[3, 5-9, 11, 12, 20, 22] 

10[3, 5-9, 11, 17, 21, 22] 

9[6-9, 11, 12, 17, 20, 21] 

9[5-9, 12, 17, 20, 21] 
 

7[6-9, 12, 20, 21] 

6[6-9, 12, 20] 
6[5, 6, 8, 17, 20, 21] 

5[6, 8, 9, 20, 21] 

Smart factory 
Service orientation 

Sustainability and 

resource efficiency 

Real-time capability 

Decentralization 

Interoperability 
Modularity 

Skills development 

Virtualization 
Cybersecurity 

Smart product 

System integration 

11[3, 5-11, 17, 21, 22] 
10[3, 5-7, 9, 11, 12, 17, 21, 22] 

9[5-9, 11, 20-22] 

 

7[3, 6-11] 

6[3, 7-10, 21] 

6[3, 6-9, 11] 
6[3, 7-11] 

6[5-7, 11, 17, 21] 

6[3, 7-11] 
5[6-9, 12] 

5[3, 7-9, 17] 

4[7, 12, 17, 22] 
    

3. Discussion and conclusion  

Industry 4.0, Smart manufacturing and initiatives alike, intends to highlight the fourth 

industrial revolution and is considered to be more fuzzy than concrete [8, 10, 56]. The 

purpose of this paper is to present the content of initiatives related to the fourth industrial 

revolution in a structured manner. This is expected to support understanding for the 

fourth industrial revolution and thereby facilitate the transformation. For this paper, we 

apply Industry 4.0 as a common term for various initiatives related to the fourth industrial 

revolution. 

A framework was developed categorizing the content of Industry 4.0 into 

technologies and design principles, which was in line with several of the reviewed 

articles [1, 7, 9-11, 17]. A traditional literature review was conducted, and eleven 

technologies and twelve design principles were found.  

The findings can be compared to Saucedo‑Martínez et al. review [12] were Industry 

4.0 was categorized into only 9 blocks, mixing technologies and so called “tools” 

together. This comparison also shows the fuzziness when it comes to terminology and 

categorization of components of Industry 4.0.  

The findings of this paper can also be related to Ghobakhloo et al. [7] were  a similar 

categorization framework was used. In Ghobakhloo et al. [7] twelve design principles 

and fourteen technology trends are listed. Although, in the twelve design principles, 

horizontal integration and vertical integration are listed as separated design principles. 

Compared to the findings of this paper were these components are considered to be a 

part of the design principle System integration. Furthermore, End-To-End Engineering 

Integration is not mentioned in Ghobakhloo et al. [7] although it is a highly referenced 

component of Industry 4.0 [4]. 

The fourteen technologies listed in Ghobakhloo et al. [7], consisted of 4 technologies 

only represented in that specific paper. Since source triangulation was used to strengthen 

the validity of this paper, these four technologies were excluded from the findings. These 

technologies were; Blockchain, Internet of people, Internet of data, and Semantic 



technologies. However, Ghobakhloo et al. [7] is one of the most recent published articles 

of the 13 papers analyzed. This could indicate that these technologies are new in the 

Industry 4.0 concept and that the concept keeps evolving. To conclude, the identification 

and compilation of eleven technologies and twelve design principles in this paper is 

comprehensive and representative for the literature. 

The eleven technologies and twelve design principles identified in this paper were 

also analyzed based on number of occurrences. The most frequently occurring 

technologies were CPS, IoT and Big data. The most frequently occurring design 

principles were Smart factory, Service orientation and Sustainability and resource 

efficiency.  

This can be compared to Saucedo et al. [12], where the technologies with most 

occurrences were, the IIoT, big data and additive manufacturing. Furthermore, according 

to Lu [3], the key technologies of Industry 4.0 are cloud computing, big data and IoT. 

Additionally in Pereira et al. [17] the key technologies for Industry 4.0 are declared as 

CPS, IoT and IoS. These are similar results compared to this study. This could indicate 

that these technologies should be especially considered when trying to adopt to the fourth 

industrial revolution. 

 None of the reviewed articles had structured design principles based on most 

occurrences. This might indicate that all design principles must be considered when 

implementing Industry 4.0. Although, according to Kang et al. [6], the most important 

design principle for the realization of Industry 4.0 is interoperability.  

The contribution of this study is both academic and practical. The technologies and 

design principles identified in this paper help to clarify the content of Industry 4.0. The 

technologies and design principles can support academics in identifying, describing, and 

selecting Industry 4.0 scenarios for further investigations. The results from the study is 

also relevant among practitioners, since it is expected to support understanding of the 

components of Industry 4.0 and thereby facilitate the transformation. 

Industry 4.0 will not only affect the economy and manufacturing industries, yet the 

whole society, education, health and law [1, 2]. The findings of this paper indicate that a 

digital transition is required to implement Industry 4.0. This transition can seem 

overwhelming for companies with all the technologies and design principles identified. 

However, it is important to note that it is not necessary for companies to have every 

design principle and technology in place before embarking on a digitalization journey. 

Specific areas of companies operations can be digitalized first, for this, it is 

recommended to establish a transition strategy [7].  

There is an uncertainty among manufacturers for how to approach implementation 

of Industry 4.0 [7, 10]. More research is needed related to the possibility to implement 

design principles and technologies from Industry 4.0 in different industrial sectors. It 

would for example be beneficial to expand the framework and add effects on different 

systems level of specific technologies and design principles of Industry 4.0. 
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