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Objective of the study 

The objective of this thesis is to study and explore the key drivers of Industry 4.0. The goal is to 

identify and understand business drivers ranging from emerging production technologies as well as 

global trends. In addition, the economic effects the emerging technologies will be discussed. As this 

thesis will attempt to cover a broad range of topics, further in-depth research is crucial to further 

explore each topic. 

 

Methodology 

The study has been conducted as a qualitative and descriptive study. Key terminology and theoretical 

frameworks have been researched and collected through online academic search engines such as 

Scopus and Google Scholar. A literature review has been conducted to establish a relevant context 

in order to properly analyze the findings of the literature review. Case examples from the business 

world showcasing Industry 4.0 drivers are discussed. 

 

Findings and conclusions 

Throughout this thesis, multiple different areas of industrial technologies are covered. Production 

technologies are becoming all-encompassing throughout multiple levels of a business’ operations.  

As a result, clear drivers of industrial growth can be found in technologies such as cyber-physical 

systems and the internet of things. These technologies allow production systems to become 

autonomous and adaptable. The systems can be linked together into larger networks through 

information flows. The networks can operate within a singular company, or between multiple 

companies throughout the entire value chain of a product. The operating environment of businesses 

is changing, and adaptation through higher quality products and service orientation as well as 

company collaboration is crucial.  
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1 INTRODUCTION 

The Fourth Industrial Revolution is said to change nothing less than the entire world (Schwab, 

2016). There have been multiple industrial revolutions in human history. These phenomena are 

termed as such due to the widespread introduction of new technologies that allow for higher 

operational efficiency than in previous times and create changes in the way organizations 

operate. Next is a brief summary of previous industrial revolutions in order to illustrate their 

effects and establish the context of this thesis.  

 

The First Industrial Revolution took place during the 18th and 19th centuries, and key 

technologies are attributed with the widespread utilization of new energy sources, such as the 

steam engine. The Second Industrial Revolution in the late 19th and early 20th century 

introduced new efficient technologies that enabled production at a higher rate. Advancements 

in energy (such as electricity) and communications (telephone, for example) increased the 

possibilities of production. The Third Industrial Revolution, starting from the 1980’s also 

marked a large shift through the expanded global distribution of computers and the utilization 

of the internet which enabled the possibilities of digitalization.  

 

The Fourth Industrial Revolution is once again a monumental shift in the utilization of 

technology and the increase of productivity, with advancements in artificial intelligence (AI), 

robotics and autonomous vehicles, the internet of things (IoT) as well as bio- and 

nanotechnology. While many of these technologies are only beginning to mature, the era is 

based on cyber-physical systems (See Figure 1). What is unique regarding the Fourth Industrial 

Revolution is that it is being observed while it is developing. In terms of the industrial and 

manufacturing sector, advancements in robotics and the internet of things mark important 

opportunities for businesses. These opportunities and terms will be further explained 

throughout the chapters of this thesis. 

 

The Fourth Industrial Revolution changes the ways how businesses and leadership operate as 

well as how companies are resourced (Schwab, 2016). The key resource of the Fourth Industrial 

Revolution is information, or more commonly referred to as data. With data, companies are 

able to monitor and identify improvements to processes and analyze a given task in real-time. 

Data is generated through multiple machines with sensors and computers being connected 

together.  
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A challenge for businesses is the proper utilization and assessment of data from these connected 

systems. Utilization and assessment is a key ingredient in the success of companies hoping to 

leverage new technologies such as autonomous and connected machines. In addition, 

automation enables higher productivity in the industrial sector than ever before. The required 

resources are fewer, resulting in higher quality and output, as well as lower costs.  

 

Figure 1: Key Characteristics of each industrial revolution (Source: Roser, 2015). 

 

 
 

In general, the Fourth Industrial Revolution brings four key impacts on companies across all 

industries, which creates a need to change the way a business operates (Schwab, 2016):  

(1) Customers have the ability to find information and make comparisons globally more easily 

than ever before, thus expectations are changing when better services arrive to the market. This 

results in demand for higher quality products and services.  

(2) As the generation and availability of data increases, products can be enhanced and improved 

based on an in-depth analysis of data from the process of product manufacturing as well as 

product usage.  

(3) Companies are collaborating with other companies more than before and they are looking 

for new ways to collaborate based on aligning core competencies. An example of a new type 

of collaboration will be further researched in the discussion –section of this thesis. 

(4) Business models and the ways businesses operate are changing as digitalization allows for 

it. Successful business models such as the platform model will be further researched in the 

discussion section of this thesis. 

 



 
 

7 

While the key impacts of the Fourth Industrial Revolution are quite general in their scope and 

applicable to multiple different industries, this thesis will be covering the topic from the point 

of view of the industrial and manufacturing sector.  

1.1 Objective of the Study 

The objective of this thesis is to gain an understanding of the key drivers of Industry 4.0. The 

thesis will be researching the key drivers of the current and future outlook of business 

environments. These drivers can be in the shape of production technologies, global trends or 

attributes of new types of business processes. In essence, the thesis will examine the effects, 

challenges and opportunities that the era of the Fourth Industrial Revolution brings with it. 

The focus is especially on the industrial and manufacturing sectors. Because these sectors are a 

large part of many countries’ economy, changes in them can have a large effect on society itself. 

That in itself makes this topic interesting to research. 

 

Admittedly, the focus in this thesis is towards a broad area. As such, this thesis is by no means 

aimed to be a definitive and conclusive study, but more of an exploration to understand the 

possible changes in business and the underlying trends affecting businesses. Phenomena will 

be examined from an objective point of view, merely presenting and discussing examples of 

changes or processes already in place within the sector or a specific company.  This thesis will 

be considered successful if it arouses curiosity in its readers to conduct further research in each 

discussed topic. 

 

The key research question of this thesis is: 

 

What are the key drivers of Industry 4.0, in terms of technological advancements and 

global trends? 

 

The key research question will allow this thesis to cover trends and changes happening within 

the industrial sector, creating a suitable context for the secondary research question.  

 

Which technologies are the key influencers of the industrial sector and how do they 

influence it? 

 

The secondary research question will specify which technologies influence and affect the 

industrial sector. 
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Combined together, the research questions create a sense of an industrial and manufacturing 

company’s perspective on the current outlook of its industry. This outlook will be useful to 

determine which key drivers a business should take into account when looking for new business 

opportunities. 

1.2 Methodology 

The study has been conducted as a descriptive and qualitative study. In addition, a literature 

gives a theoretical framework and context to the study. Case examples of concrete actions of 

different companies will be showcased to compliment the findings of the literature review. 

 

The literature review was conducted by using various academic databases and search engines 

such as Google Scholar and Scopus. In addition to academic articles, relevant information is 

gathered from governmental research organizations, think thanks and other private companies. 

1.3 Structure of the Research 

The introduction, Chapter 1, has established the context and objective of the thesis as well as 

key research questions that will be explored. In the introduction section of Chapter 1, the thesis 

has introduced a global phenomenon, namely the Fourth Industrial Revolution, and why it is 

relevant in the context of the industrial and manufacturing sector.  In Chapter 2 of the study, a 

literature review will examine key technological drivers affecting the industrial and 

manufacturing sector. In addition, key terms in relation to the literature review will be 

explained. Chapter 3 consists of discussion regarding the literature review and examining case 

examples from the business world. Finally, the fourth chapter of the study will be used to 

summarize the thesis and discuss the conclusions of the study.  

 

2 LITERATURE REVIEW 

In the following literature review, key concepts will be gathered from relevant sources in order 

to gain an in-depth understanding of what technologies of the Fourth Industrial Revolution drive 

the industrial sector and how. As the Fourth Industrial Revolution is a collective term used to 

describe an era of change, this literature review will take a closer look at the technologies of 

within the industrial and manufacturing sector. The implementation and utilization of 

technologies within the industrial and manufacturing sector is coined “Industry 4.0”. 
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2.1 Industry 4.0 

As discussed before, a key area of the Fourth Industrial Revolution lies within the industrial 

and manufacturing sector. With the opportunities that are made available through technological 

advancements discussed earlier (such as robotics & IoT), the factories of today can be 

“upgraded” to be more productive, and transparent when it is possible to examine all processes 

at a more detailed and real-time level. Burmeister et al. (2016) define Industry 4.0 as the 

application of cyber-physical systems throughout the entire value chain of a business. The term 

cyber-physical systems (CPS) will be opened up in a moment. 

 

The term Industry 4.0 lies underneath the Fourth Industrial Revolution as its subset. The term 

originates from Germany’s strategic initiative to take advantage of the technologies of the 

Fourth Industrial Revolution. Kagermann et al. (2013) specify Industry 4.0 in the manufacturing 

context to consist of three features. Firstly of “vertical integration” of IT (information 

technology) in hierarchical levels of business, such as corporate planning, production 

management and production sensors. Secondly, “horizontal integration” combines IT in 

business that manage different levels of materials flows within one company or across multiple 

different companies. Lastly, the horizontal and vertical integration aims for an end-to-end 

integration of IT in business functions such as logistics, warehousing, management as well as 

marketing. Economic effects in Germany’s case will be briefly discussed later in the discussion 

section. 

 

At the core of Industry 4.0, the industrial physical machines embedded with software 

intelligence are used to estimate product performance and autonomously optimize the needs of 

services and products. Lee et al. (2014) note that currently smart factories are concentrating on 

“control –centric optimization” of production. Lee et al. continues to discuss that by having 

physical systems interact with other physical systems around itself can turn a single process 

into an autonomous and adaptable network of self-aware and self-learning machines. This in 

turn improves production performance as well as maintenance operations. In terms of the 

industrial and manufacturing sector, key success drivers of Industry 4.0 are the service 

orientation (meaning the change of business model from just a product company to a product 

and service company, providing additional value to customers) of companies and the usage of 

industrial data (“big data”). 
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2.2 Key influencers of Industry 4.0  

In this chapter, key technological influencers of Industry 4.0 will be briefly presented. These 

influencers are technologies that enable the three features described by Kagermann et al. While 

there are multiple different technologies that affect the industrial and manufacturing sectors, 

Rüßmann et al. (2015) portray nine key technological advancements that are estimated to have 

a large effect on industrial production (see Figure 2). 

 

Figure 2: Technological advancements influencing production (Source: Rüßmann et al. 

2015).

 
 

Summarizing the nine influencers: (1) Big data and analytics help optimize production 

processes, saving time and resources. (2) Autonomous robots are able to flexibly interact 

between each other and humans. (3) Simulation of production environments enables testing of 

new processes without physically having to set up tests. (4) Compared to today’s separated and 

fragmented systems, comprehensively integrating systems across different departments of an 

organization allows for a seamless flow of information. (5) IoT allows systems to communicate 
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between each other and changes to production can be made in real-time. (6) As systems and 

devices become increasingly connected, usage and knowledge of cybersecurity becomes more 

important. (7) Cloud -based software enables processing and distribution of data and services 

regardless of physical locations. (8) Additive manufacturing allows for production of special 

custom parts, enabling quick prototyping. (9) Augmented reality increases the capabilities of 

human workforce by, for example, showing real-time information for a specific task or situation 

on workforce equipment. (Rüßmann et. al. 2015) 

 

Together, these technologies create the core aspects of Industry 4.0. The following section will 

describe how all of these technologies fit together within the context of Industry 4.0.  

 

2.3 Industry 4.0 Framework 

All the technologies described by Rüßmann et al. (2015) are individual sections of Industry 4.0, 

but there needs to be overarching themes to make the digestion of the terms easier and more 

complete. Because research in this field is still developing, technologies and terms are currently 

loosely connected with each other. This thesis will use the Hermann et al. (2015) framework of 

cyber-physical systems, internet of things & services as well as smart factory to categorize 

Industry 4.0. Hermann et al. (2015, p.11) define Industry 4.0 in the following way based on 

their analysis of 51 publications (note that the German term Industrie 4.0 is used here according 

to the original source):  

 

“Industrie 4.0 is a collective term for technologies and concepts of value chain organization. 

Within the modular structured Smart Factories of Industrie 4.0, CPS monitor physical 

processes, create a virtual copy of the physical world and make decentralized decisions. Over 

the IoT, CPS communicate and cooperate with each other and humans in real time. Via the IoS, 

both internal and cross-organizational services are offered and utilized by participants of the 

value chain.”  

 

The terms “Smart Factory”, “CPS”, “IoT” and “IoS” will be defined and further explained in 

the following chapters. Case examples of these will be presented in the discussion section. What 

the definition of Industry 4.0 entails is the different functions and processes of a factory that 

utilizes technology to the fullest. Each technology and process in itself is an opportunity and a 

challenge for business.  
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2.3.1 CPS (Cyber-physical Systems) 

Cyber-physical systems are the combination of computer processing connected with physical 

systems (Lee, 2008). Cyber-physical systems refer to systems that have both computational and 

physical abilities that can interact together with humans. The key enabler of the CPS’s is the 

fact that they can interact together with humans in a wide variety of tasks such as 

communications and control mechanisms. (Baheti et al. 2011) In theory, CPS will increase the 

adaptability, reliability, safety as well as efficiency of current production methods. 

 

One of the key benefit of CPS lies in its quick adaptability, meaning that changes or 

customization to products or product lines can be made in a short period of time. This enables 

a business to rapidly respond to changing customer demand and to increase the quality of 

products produced. This is a clear benefit in an environment of global competition. CPS in itself 

is a wide theme, and these technologies can be applied to multiple different types of cases, such 

a large power grids, healthcare or processes such as production automation and control (Wang 

et al. 2015). Cyber-physical systems can be thought as an area of technology such as 

nanotechnology. A more concise definition is still being formed, as research is just beginning 

to understand the concept of CPS. 

 

Another key benefit is defined to be the combination of a network consisting of cloud 

computing and CPS. This combination will enable a system that can monitor the processes of 

entire chains of CPSs, enabling the system to become self-aware within the network. Self-

awareness enables the systems to be able to determine the state and condition its own sections. 

Through self-awareness, the system is able to autonomously adjust production levels and 

performance based on the determined conditions of the network’s machines (Lee et al. 2014). 

2.3.2 IoT & IoS (Internet of Things & Internet of Services) 

Another area of technological advancement within the Fourth Industrial Revolution is the 

capabilities of the internet of things (“IoT”). IoT is the concept of things or objects transmitting 

data and interacting with other things or objects in order to reach a certain objective (Atzori et 

al. 2010). This allows physical objects to transfer data from one source to another, thus in 

essence communicating with each other. At the same time, information can be collected and 

analysed by computers or management to improve process efficiency as well as to reduce 

required resources.  
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An example of IoT devices are RFID (radio frequency identification) devices and sensors. 

These sensors can be applied to production machines and products themselves. With RFID 

sensors, companies can track an individual products’ trip throughout the entire chain of 

production (Brettel et al. 2014). With the large amounts of data (“big data”) collected through 

IoT, businesses can virtualize their operations environment, allowing for the utilization of 

simulations in order to make tests or changes to processes just by analysing the data. With cloud 

computing, businesses are also able to provide services through the internet in new ways that 

have not been possible before. Though RFID devices are a key ingredient in the IoT-world, the 

arena has expanded to cover entire operations, even outside of manufacturing.  

 

IoT enables real-time data for analysis and planning of production to be generated from the 

factory floor, through which further optimization is possible (VTT, 2013). Larger data flows 

are due to the new capabilities of automation processes that create new insights to machines 

and product lines. Through IoT technologies, manufacturing is able to create dynamic and self-

organized factories. An essential benefit of this is the availability of relevant data of the entire 

manufacturing process in real time. With intelligent systems and data, adjustments, for example 

to product lines, can be made almost instantaneously to respond to changing environments such 

as supply and demand, internally or externally. This allows for equipment to autonomously 

configure itself based on current or upcoming demand, granting a new level of operability and 

customizability in products and services (as also described in the CPS section). In essence, a 

factory can be connected as one network, which is also able to communicate with other similar 

networks, for example along the production and logistics chains around the world. Overall, IoT 

enables improved production efficiency and optimization of assets. (VTT, 2013) 

 

While the IoT is a technological concept, the internet of services (IoS) on the other hand is a 

term used to describe the new ways a business can implement its processes. It is a concept 

where services providers are able to provide all their services through the internet (Hermann et 

al. 2015). The IoS allows for new types of business models and delivery channels (O’Rourke, 

2012). An example of a new type of IoS business models is Konecranes TRUCONNECT. It is 

a service platform, where customers can monitor the status of a physical machine through data 

of the machine received from sensors over the IoT. Further discussion during the discussion –

section of this thesis. 
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2.3.3 The Industrial Internet 

IoT allows in the creating of an “industrial internet”, which is defined as a part of the new wave 

of change of digitalization, where connected products and services enable the utilization of tied-

up capital and information in an intelligent way (Ailisto et al. 2015). For companies, the effects 

of the industrial internet create opportunities for new business models, increased revenue, 

improved efficiency and effects on the balance sheet (Ailisto et al. 2015). 

 

Pohjola defines the industrial internet as the combination of embedded and smart devices and 

systems, as well as analytics based on these and combining human labor in industrial and 

service processes. At the same time, cloud services becoming more widespread have enabled 

the collection, transfer and analysis of large amounts of data. (Pohjola, 2014) 

 

The industrial internet denotes the concept of having machines communicating together through 

the IoT and data flowing seamlessly from one module to another. The industrial internet is a 

key element of the technological advancements introduced earlier that are becoming more 

widespread during the Fourth Industrial Revolution and within the context of Industry 4.0. 

2.3.4 Smart Factory  

At the core of CPS, IoT and IoS lies the “Smart Factory”, which uses all of the above-mentioned 

technologies to create a new type of production environment (see Figure 3). Lucke et al. (2008) 

define the term as a factory that operates in a context-aware (real-time) environment where data 

and communications from multiple sources is used to optimize production processes. In this 

environment, the end-to-end engineered processes that are vertically and horizontally integrated 

play a key role. Networks of CPSs can communicate between other networks through the IoT 

within the same factory. The information gathered from the monitoring of physical machines 

and production line systems allow for other parts of the factory to adjust its operations based 

on data analysis and information flow between each network. Each step of the process can be 

monitored through the vertical levels of the company, from sensor level of the production line 

to the top management. Information flow horizontally allows for different sections of 

production, warehousing and logistics to be adjusted in real-time. 
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Figure 3: How Smart Factories, CPS, IoT and IoS work together (Source: Kagermann et 

al. 2013) 

 
 

 

Combining all the key technological influencers portrayed by Rüßmann et al. (2015) together 

with the theoretical framework of Industry 4.0 terms established by Hermann et al. (2015) 

allows research to conveniently be analyzed.  The next chapter will tie the key technologies and 

terms together. 

2.4 Design Principles of Industry 4.0 

Hermann et al. (2015) further describe the design principles of Industry 4.0 being categorized 

into one of six key elements that represent the possibilities and nature of the new technologies. 

Through these elements, businesses are able to identify opportunities and areas of improvement. 

Table 1 below sums up the combination of design principles with the Industry 4.0 framework. 
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Table 1: Design Principles of Each Industrie 4.0 Component. (Source: Hermann et al. 

2015) 

 
 

The six key elements are characterized according to Hermann et al. (2015) as:  

(1) Interoperability, where all the cyber-physical systems (CPS) are able to communicate with 

each other.  

(2) Virtualization enables the CPS to monitor processes that take place physically.  

(3) Computers are able to make decisions in a decentralized manner, meaning that systems can 

operate more independently than before.  

(4) When data is gathered in real-time, the status of processes can quickly be adapted based on 

changes in the factory or in production demand.  

(5) Different functions can be considered as services, which can be offered locally or online to 

other physically separated locations.  

(6) Systems that are designed with modularity in mind are able to adapt themselves based on 

changing production requirements. 

 

All of the key elements enable industrial companies to make more organized and transparent 

production processes. These will lead to reduced machine downtime and costs through 

optimized maintenance and supply chain management (Lee et al. 2014). 

 

The Technical Research Centre of Finland (VTT, 2013) has listed examples of tasks that are 

affected through technological advancements, such as monitoring and controlling production 

and operations with data. The technologies of Industry 4.0 allow industrial companies to gain 

a far more in-depth look at their own business processes through more data being available and 

with shorter response times. As a result, they can improve efficiency and decrease downtime 

dramatically. For example, using advanced data analytics to upgrade “preventive” maintenance 

systems to “predictive” systems, IDC estimates that on average, each manufacturing company 
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would be able to cut total downtime of equipment by 50% and gain a production increase by 

20% (as cited by Strategic Policy Forum on Digital Entrepreneurship, 2015) 

 

All in all, the concept of Industry 4.0 is a collection of technologies that allow for gathering and 

analyzing of data that is collected from different steps and machines of, for example, the 

manufacturing process. This results in new possibilities to improve efficiency and product 

quality, as well as to decrease costs. Industry 4.0 creates both a wealth of business opportunities 

as well as challenges in transforming existing systems and processes to accommodate for the 

new technologies. 

 

3 DISCUSSION 

As discussed in the literature review, new technologies enable large changes within the 

industrial sector. An increasingly tougher global competition in markets creates a need for 

businesses to find new ways to improve product and service offerings. New emerging 

technologies in the industrial and manufacturing sector are maturing, which increase efficiency 

and the capabilities of production. These changes allow businesses to create higher quality and 

more customizable products, expand their product and service offerings, creating new business 

opportunities as well as challenges.  

 

The Fourth Industrial Revolution itself changes the ways businesses operate. When customers 

are able to easily compare multiple different providers, the competition increases. As a result, 

the quality of products increases. Businesses are able to collect vast amounts of data from 

production processes and products, creating opportunities for new business models as well as 

challenges to implement data gathering systems and utilize gathered data. Businesses are 

collaborating with each other in new ways, when each business is continuing to focus on their 

core competencies and more often outsourcing the rest of the business. 

 

Interoperability of systems allows the seam lining of production processes, when cyber-

physical systems in smart factories are able to communicate with each other over the industrial 

internet. Data allows to create a factory virtually, enabling a business to test and make 

modifications at a faster rate than before with significantly lowered expenses and set up times. 

In addition, real-time data enables constant adjustments to the product lines and possible 

problems can be identified more accurately and repaired more quickly. 
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In addition to the business level effects of Industry 4.0, there are global trends underlining the 

opportunities and challenges faced by the industrial sector. These trends range from more 

environmentally friendly production in order to facilitate recycling and reuse of materials to 

flexible manufacturing systems to support customizable production. The increasing usage of 

robots within the industrial sector is playing a large role in productivity and employment. 

3.1 Global Trends 

Robotization is increasing in Europe (see Figure 4). According to recent research (Acemoglu 

et al. 2017) the amount of robots per thousand workers in Europe has dramatically increased 

between 1993 - 2014, especially within sectors such as the automotive, metal machinery and 

plastic and chemicals industries. Additionally, there have been multiple cases reported by news 

outlets in China where factories have replaced vast amounts of workforce with robots. (Forbes, 

2011; SingularityHub, 2012; BBC, 2016). While the usage robotics in industrial “workforce” 

is showing a clear trend upwards, the effects it has on human employment are to be further 

researched.  

 

Figure 4: Use of Industrial Robots in Europe, 1993 – 2014 (Source: Robots and jobs - 

Evidence from US Labor Markets, p. 78, 2017, © 2017 by Daron Acemoglu and Pascual 

Restrepo). 

 
There are multiple factors for businesses to implement changes into their repertoire of business 

models, and other countries have conducted studies, in similar fashion to Germany’s “Industrie 

4.0” -initiative in order to gain further insight on which opportunities to tackle and how.  
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In Sweden, the Association of Swedish Engineering Industries (Teknikföretagen, 2013), drafted 

a research and innovation agenda in 2013 to lay the groundwork for the possibilities in the 

industrial and manufacturing sector, “Production 2030”, with the aim to tackle six identified 

global trends affecting production in Sweden:  

 

1. Environmentally sustainable production 

a. Sustainability through recycling and reuse of materials and resources 

2. Flexible manufacturing processes 

a. Utilizing new types and methods of production to cope with connected 

production and product development systems as well as recycling and 

remanufacturing 

3. Virtual production development and simulation 

a. Data management and knowledge to assess the gathered data through connected 

devices  

4. Human-centered production systems 

a. Competing for and training a skilled workforce to counter more advanced 

production systems and production environment as well as an aging 

demographic  

5. Product- and production based services 

a. Value-added services that enhance a business’s product offering 

6. Integrated product and production development 

a. Increasing the speed of the product and production development process 

 

The trends of robotization, increased concern regarding the environment and advanced 

production technologies as well as processes drive industrial and manufacturing companies to 

improve their businesses and tackle each trend. While all of the above-mentioned trends can be 

taken in to account by Industry 4.0 technologies, the major driver can be attributed to the 

economic effects. 

3.2 Economic Effects 

On a European level, the final report of the European Commission’s Strategic Policy Forum on 

Digital Entrepreneurship published in 2015 cites IDC’s research that the top 100 European 

manufacturers could gain large savings and improved efficiencies through advanced data 

gathering and analysis. In detail, IDC estimates that a 10% increase in production efficiency in 
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the top 100 European manufacturing companies could result in gains in the hundreds of billions 

of euros to the entire industry. (Strategic Policy Forum on Digital Entrepreneurship, 2015) 

Major global players such as Germany have recognized the potential of the Fourth Industrial 

Revolution and that they should prepare for and utilize the new possibilities, especially within 

manufacturing and production industries to benefit from the technologies of the Fourth 

Industrial Revolution. (Germany Trade & Invest) 

 

The economic benefits of Industry 4.0 in Germany alone are staggering. Estimates are between 

90€ - 150€ billion Euros through increases in productivity within the next five to ten years. The 

revenue growth is estimated to be 30€ billion per year and the increase in employment in the 

manufacturing sector 6% in the next ten years. (Rüßmann et al. 2015)  

 

Technological advancement allows companies to create new kinds of business models, and 

currently a successful model is the platform model. In 2013, almost half of the top 30 brands 

worldwide by market capitalization were platform companies. (MIT, 2014) Platform strategies 

enable companies to not only just sell a product, but to sell a service developed around the 

product. (Schwab, 2016) 

 

The industrial sectors play a large part in economies in countries such as Finland. As such, the 

industrial internet is portrayed to play a critical role in labor productivity (See Figure 5). In 

Finland, labor productivity growth has been historically low in the past decade (partly due to 

the economic recession). Pohjola (2014) estimates three scenarios for productivity growth in 

Finland: (1) 0,8% pa., where the electronics manufacturing industry would no longer recover 

(partly due to the decline of Nokia mobile phones). (2) 1,4% pa., where the increase of IT usage 

increases in industries where usage has been historically low. (3)  1,8% pa., where the 

productivity gains of the industrial internet are taken into consideration. These projections 

highlight the large impact of the usage of the emerging technologies of Industry 4.0. 
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Figure 5: Increase of Average Labor Productivity and Future Projections 
(Source: Pohjola, 2014). Note: terms freely translated by authors. 

The opportunities and challenges regarding improvement in the industrial sector are quite well 

documented, from EU level to individual countries. However, currently there is a concern 

whether the top leadership in industrial companies is able to properly utilize the opportunities 

of digital information and the combination of industrial manufacturing and service production 

(Pohjola, 2014; Schwab 2016). The productivity predictions show that, at least in Finland, there 

is potential to utilize the new technologies and processes that create new increased growth in 

productivity. Benefitting from new production technologies requires effort in updating 

production process and machinery. 

3.3 Industry 4.0 Cases 

In the following chapters, the Industry 4.0 technologies and design principles introduced in the 

literature review will be showcased with a few case examples from the business world.  

3.3.1 New Type of Business Collaboration 

An example of the utilization of IoT and new types of collaboration between companies that 

the Fourth Industrial Revolution brings is the collaboration between the global leader in elevator 

and escalator industry, KONE and the multinational technology company IBM. In the 

collaboration, KONE will link its products and maintenance operations globally (more than a 
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million elevators, escalators and building doors) together with the IoT platform provided by 

IBM. When the products are linked, data can be gathered from various variables, such as usage, 

movement and temperatures. With this data, KONE is able to analyze their operations with a 

higher degree of details as well as certainty to improve their maintenance operations, for 

example. KONE is able to determine if an escalator is in need of maintenance, even before the 

system actually requires maintenance. (KONE Corporation, 2016) 

3.3.2 Internet of Things and Services 

An example of services provided by the industrial sector is the service product 

“KONECRANES TRUCONNECT”. Through the platform service, customers of Konecranes 

are able to monitor their operations of purchased Konecranes products (such as lifting cranes) 

through collected data such as running time and work cycles. The system is able to detect 

anomalies, patterns and trends, which in turn is an asset for maintenance operations, for 

example. With the service, Konecranes has utilized the gathered data of IoT devices, and 

realized the value of the information to a customer, thus offering a new type of service. 

3.3.3 Automated systems 

In 2015, the international robotics, power and automation company ABB unveiled a new type 

of production robot with human size and reach, named “YuMi”. Speed and accuracy of robots 

have been essential needs within the production industry. ABB states that YuMi is capable of 

assembling small parts with high accuracy, such as threading a needle. The robot is programmed 

to learn on its own, and it is guided by a camera system. What this means that the robot is 

capable of learning and adapting to production processes based on physical guidance instead of 

a specific task being programmed into it. This results in the robot being able to work hand-in-

hand together with humans. (ABB) 

3.3.4 Environmentally sustainable production  

An example of new more environmentally sustainable production method comes from the paper 

industry. The subsidiary of the forestry and pulp & paper company UPM, UPM Raflatac has 

created a new concept to recycle self-adhesive label byproducts. Through the process, the 

materials can be reused. Before, these byproducts would have been incinerated or taken to a 

landfill. With the concept RafCycle, the paper –based release liner (the sheet that stops the 

sticky surface of for example a sticker from prematurely adhering) can be recycled back to pulp 

and paper. (UPM) 
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3.4 Challenges of Industry 4.0 

So far, the opportunities of Industry 4.0 technologies and features have been extensively 

discussed. However, the implementation of CPS systems or IoT devices face challenges and 

obstacles. 

Currently, the lack of standardization between the different technologies, organisation of work 

processes and availability of Industry 4.0 technologies are determined as key issues regarding 

technology adoption. The majority of industrial companies in Germany are currently interacting 

with Industry 4.0, mainly searching for information and looking for experiences of others in the 

technology usage. (As cited by Kagermann et al. 2013) Additional challenges are in the 

deployment and reliability of network infrastructure in order to store and process data 

(Kagermann et al. 2013). Companies are interested in the possibilities of the Industry 4.0 

technologies, but they are still in the process of exploring clear options. 

The digitalization and service orientation of the industrial and manufacturing companies 

requires product and service providers to increase overall functionality and complexity of the 

provided systems. Incremental improvements to production technologies might not be a 

suitable approach for companies when the changes in operating environments change by a large 

degree. This results in a requirement of higher skilled workforce (Rüßmann et al. 2015). In 

addition, the industry operates in tight margins, meaning that investments into production 

technology are high level strategic decisions (Wang et al. 2015). 

Finally, the term Industry 4.0 itself is not clearly defined. As a result, both researchers and 

companies are struggling to implement measures to take advantages of technologies. (Hermann 

et al. 2015) Further clarification of implementation processes as well as key technological 

requirements of Industry 4.0 through research is required.  

 

4 SUMMARY AND CONCLUSIONS 

Throughout this thesis, a broad range of technological drivers that are affecting the 

manufacturing sector have been examined. In addition, global trends that relate closely with the 

technological changes have been discussed as well as economic effects on businesses 

themselves. This section will tie together the key learnings of the thesis. 

The technological advancements that are happening in the era of the Fourth Industrial 

Revolution affect a wide range of industries, for example within the manufacturing and 

industrial sectors. Technologies such as autonomous robots and IoT allow for new types of 

business processes to be taken in place.  



 
 

24 

While Industry 4.0 is still developing into concrete forms, the key drivers are already visible. 

The key technologies of Industry 4.0, such as autonomous robots are based on cyber-physical 

systems (CPS), where machines are able to interact together with humans or with other 

machines and to communicate with other parts of the production value chain. Production 

systems are integrated in an end-to-end manner, allowing for the supervision of not just a 

specific area of production but combining whole systems on a business’ horizontal and vertical 

level. The technologies of the manufacturing sector are becoming increasingly all-

encompassing and as a result, the IT in a manufacturing business is integrated both vertically 

(across a business’ different hierarchical departments) and horizontally (across different 

sections of material flow, from one business to another) (Kagermann et al. 2013). These all-

encompassing systems can be linked together to form networks of smart factories, logistics 

chains as well as warehouses. While they allow for convenient management of a business when 

there are less different IT systems in place, problems can arise in cybersecurity as well as 

interoperability between different organizations. Additionally, the lack of standardization of 

new production technologies and processes is currently stalling progress. The lack of 

standardization is against the one of the key design principles of interoperability.  

Revolving around the CPS, the IoT and IoS play a key role in enabling the industrial internet, 

where machines are transmitting data, thus communicating with each other. This allows for new 

types of business models and services that companies can provide to create a higher quality 

product and service offering, as seen in the case of Konecranes. 

The researched technologies that are estimated to have the most effect on the industrial and 

manufacturing sector are gathered under the term Industry 4.0. With the combination of CPS, 

IoT & IoS, a factory can be transformed into a Smart Factory, where machines in production 

lines can work independently or together with humans and quickly adapt to changing 

environments. These changes can come for example from shifting levels of customer demand 

and more specific product requirements with a higher degree of customizability. 

While Industry 4.0 is a loosely defined term and a more of a collection of technologies, in order 

to provide some categorization, there are clearly identified design principles (interoperability, 

virtualization, decentralization, real-time capability, service orientation and modularity; 

Hermann et al. (2015)) to help take advantage of the technologies categorized within the 

Industry 4.0 context.  

For a business, the key effects are the interoperability and adaptability of the manufacturing 

processes. For example, the availability of real-time data throughout the production process 

enables businesses to clearly identify possible problems or areas of improvement. There are 
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clear trends that these technologies of the manufacturing industry are to respond to, ranging 

from environmentally sustainable production, higher degree of customizability as well as 

integration of the production and product development processes. 

Economic benefits of the utilization of Industry 4.0 technologies are estimated to be vast, with 

increases in efficiency as well as employment. Manufacturing companies are able to 

dramatically cut downtime of equipment with data-enabled predictive systems by as much as 

50% and gain large production increases of up to 20% (as cited by Strategic Policy Forum on 

Digital Entrepreneurship, 2015). 

In addition, collaboration between companies from different sectors is playing a critical role in 

driving new business and success stories. While the partnership between KONE and IBM to 

leverage the former’s physical equipment of escalators, elevators and building doors with the 

latter’s IoT platform and analytics is fairly recent, it is in line with the Schwab’s key impacts 

on business that the Fourth Industrial Revolution entails. Time will tell how the partnership will 

affect business economically.  

All in all, this thesis was not aimed to be a conclusive and in-depth look at a certain part of the 

manufacturing sector, but rather to explore what are the key drivers (such as technologies and 

trends) of Industry 4.0. As a result, each topic discussed in this thesis would be of interest for 

further research. Data and cybersecurity are becoming increasingly important in a connected 

production environment, and in this thesis, it has only been mentioned but the challenges are 

not thoroughly covered. Moreover, the thesis would have been stronger with interviews from 

the industry to get an understanding of concrete actions and challenges faced by companies of 

the adoption of the aforementioned technologies researched in the literature review. Hopefully 

this thesis will inspire readers to conduct further research in the topic of Industry 4.0. 
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