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Abstract 
This master thesis focus on the concept of Industry 4.0 and its potential nexus to the 

environment. The research questions wants to elaborate what the most prominent positive 

as well as negative changes concerning the environment that Industry 4.0 entails are. In 

order to answer this question, the existing pertinent literature has been searched and 

relevant findings have been inserted into this thesis. In order to not only rely on already 

existing research, two interviews with renowned experts have been conducted as an 

additional source of information. When combining all of the findings, the result is that the 

changes coming with Industry 4.0 will have positive as well as negative effects on the 

environment. The increase in demand for energy can be named as a potential negative 

effect on the environment, while the conservation and reduction in use of resources can be 

stated as a positive effect. Due to the early stage of implementation of Industry 4.0, hardly 

any hard facts and mostly forecasts and expectations were used as the base for the 

assumptions made. 
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1. Introduction 
As the title “Industry 4.0 and its Effects on the Environment” already discloses, is the 

intention of this master thesis to elaborate potential interconnections between the emerging 

concept of Industry 4.0 and the environment. The research question that guides the thesis 

reads as follows “What are the most prominent positive as well as negative changes 

concerning the environment that Industry 4.0 entails?”. In order to find scientifically based 

answers to this question, the various chapter of this master thesis focus on different aspects 

that are all required to construct a satisfying answer. 

 

The chapter with the title “Industry 4.0” focuses on the concept of Industry 4.0 in general 

and provides information on the different technologies and sectors of interest. It covers the 

historic development of industrial revolutions, describes the current situation and why a the 

next step in industrial revolutions is due, states the origin and emergence of the concept of 

Industry 4.0 and provides detailed information on the various technological developments 

and changes such as digitalization, big data, etc. that refer to Industry 4.0.  

 

As the tile “Industry 4.0 and the Environment” already indicates, does the focus of this 

chapter lie on the environment and its nexus with Industry 4.0. It covers aspects such as the 

definition of sustainability, which is a necessary prerequisite for the endeavor of this master 

thesis. Furthermore, it lists the key elements in approaching sustainability in manufacturing 

and states the most prominent benefits as well as challenges concerning the environment 

that an implementation of Industry 4.0 entails. 

This chapter, as well as the “Industry 4.0” chapter, is based on empirical research. Existing 

literature was examined and analyzed in order to provide the needed information and to 

answer the crucial questions.  

 

The intention of the chapter with the title “Expert Opinion” is to confirm or to object the data 

and information collected in the literature review chapters. In order to do so, two interviews 

were conducted with renowned experts of the field. The questionnaire includes questions 

concerning Industry 4.0 in general as well as more detailed questions referring to the 

interconnection between the concept of Industry 4.0 and the environment.  
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The last chapter of this master thesis shows the results of the work conducted, a foresight 

concerning Industry 4.0 in general as well as with respect to its nexus with the environment, 

an overall conclusion and a precise answer to the research question.  
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2. Industry 4.0  

2.1 Antecedents 
Industry 4.0 is a synonym for the fourth industrial revolution. As the name already indicates, 

it ensues three major previous industrial developments. The first industrial revolution 

emerged at around 1750 and is characterized by the introduction of water and steam 

powered mechanical manufacturing facilities which led to the mechanization of production. 

One of the most important technological achievements that it brought about was the first 

mechanical loom in 1784. (Aichholzer et al., 2015) 

Besides technological developments, the first industrial revolution also led to societal 

changes. Examples for this are strong reductions in famine as well as exploding population 

numbers in industrial countries. This was the case because people, on the one hand, 

benefited from improving transport systems providing basic supplies such as food and 

clothing and, on the other hand, people benefited from productivity gains in manufacturing 

and agriculture which in turn led to an increase in the quality of life. Frankly, the first industrial 

revolution also had its down sides for society. The importance of handcraft and agriculture 

in the classical way shrunk significantly, leading to the division of society into two classes: 

factory owners and factory workers. Only very few profited from suppressing and exploiting 

the general public and since classical jobs began to vanish, people had no other choice but 

to move into cities where they hoped to find employments in factories. (Bauernhansl, 2014) 

 

Eventually, these developments led to the transition into the second revolution, which has 

not only been an industrial but also a civil revolution. At around 1870, the second industrial 

revolution evolved with the spread of electrification. In further consequence, this spread of 

electrification triggered mass production based on the concept of Taylorism (this term is 

derived from Frederic W. Taylor, who in essence brought about the assembly line 

production). An example for one of the first achievements regarding the newly developed 

industrial phase was the introduction of the apparently first production line in a 

slaughterhouse in Cincinnati in the year 1870. (Aichholzer et al., 2015) 

Besides the already mentioned changes, the second industrial revolution is also the origin 

of other major developments, such as the invention and sophistication of electrical drives, 

combustion motors, etc.. Especially electrical propulsion systems enabled a switch away 

from central and towards decentral powered engines and machines. Contemporarily, the 

importance of petroleum rose, amongst other reasons, due to its perpetual applications in 

the chemical industry and as a consequence of this due to the application as a fuel for mobile 
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systems (especially for automobiles). With respect to societal changes, all these 

developments led to an overall increase in the quality of life in industrial countries. 

Consequently, also the population numbers continued to rise. However, society began to 

develop a demand for prosperity and realized that the suppression and exploitation of 

factories workers has to come to an end. Due to the strong quantitative increase and the 

simultaneous reduction in prices for the various products coming from the new industrial 

mass productions, a major social revolution could have barely been prevented. This was the 

time when social democracy was founded and ideas of communism began to spread. 

Further, this time can be defined as the origin of today’s consumption-oriented prosperous 

society. (Bauernhansl, 2014) 

 

The subsequent third industrial revolution can be depict as the phase starting in the 1960s, 

in the course of which the automated mass production through electronics and IT led to the 

succession of previous developments. A prime example for this industrial revolution is the 

first programmable logic controller, called Modicon 084, which went into operation in 1969. 

(Aichholzer et al., 2015) 

As the third industrial revolution went on, markets started to become saturated since most 

basic needs of the prosperous society were satisfied. This led to a step by step change from 

seller’s to buyer’s markets, meaning that it was not about producing as much as possible 

anymore. Customers became more nuanced and virtues such as quality and individuality 

gained importance. Hence, a constant and globalized availability and accessibility of 

knowledge appeared, which was driven by information and communication technologies and 

later on by the internet. This was the time when modern industrial society began to life 

beyond its means and in a sense this phase is not over yet. (Bauernhansl, 2014) 
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Figure 1: The Industrial Revolutions (MacDonald, 2016) 

 

Figure 1 visualizes the four industrial revolutions in a graph by showing the interrelation 

between the factor time and the degree of complexity with time being on the x-axis and the 

degree of complexity on the y-axis. The graph depicts that the degree of complexity 

augmented with time, meaning that with every major transition the industrial standard was 

raised and technology became more sophisticated. Today, the transition from the third to 

the fourth industrial revolution is taking place, with some early adopters already being one 

step ahead and others slowly but steadily preparing for this transition.  
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2.2 Why Industry 4.0?  
The intention of this chapter is to give an answer to the question why the next step in the 

industrial evolution is due, what the reasons for this progress are and why Industry 4.0 

seems to be the solution.  

 

According to a study conducted by McKinsey (2012), the share of the global population that 

actively participates in consumption is expected to increase significantly over the next few 

years and decades. Back in 1990, only 1.2 billion people were able to spend more than 10 

US $ per day. 20 years later, this share almost doubled and the trend continues. By 2025, 

an estimated 4.2 billion people will be able to spend more than 10 US $ per day. These 

numbers show that a substantial increase of people participating in the global consumption 

lies ahead and thus, growth of the demand side can be regarded as guaranteed.   

Further, this growth in demand will be most significant in developing markets, for which 

forecasts predict an aggregated trebling of purchasing power from twelve to 30 billion US $. 

Concurrently, demographic developments will play an increasingly relevant role. 

Urbanization is going to proceed in such a way that by 2050 approximately 60 to 70 per cent 

of people will live in cities and people’s mean age will have risen by a scope of ten years by 

then. Hence, demand is assured but the manner of consumption will change considerably. 

In developed countries, the focus will be on highly individualized products, which means that 

productions have to be tailored on the specific requirements of the individual customer. That 

implies a shift towards personalization, while in developing countries the emphasis will 

increasingly be put on regional products that are oriented towards the needs of the markets 

with respect to functionality, design and costs. (Bauernhansl, 2014) 

 

While all this shows that there will not be any problems on the demand side, the odds are 

that there might be a growth problem on the supply side. With the current value creation 

system, meaning the accepted and implemented processes that create additional value, it 

will not be able reach the required growth. This is because of the depletion of relevant 

resources. It takes nature one million years to create the amount of fossil energy sources 

that humanity currently exhausts per year. Obviously, sooner or later there needs to be a 

shift away from fossil fuels simply due to the fact that mankind is running out of them. An 

additional obstacle is the fact that predictions forecast a doubling of energy demand under 

the business as usual scenario (continuation of all processes as they are now) by the year 
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2050. All this poses major risks to the earth’s nature, biodiversity and climate. (Zhang, Cai 

and Hu, 2013) 

In order to overcome the previously mentioned challenges, a change of paradigm in how to 

deal with factors of production has to happen. The method of how to create additional value 

needs to be entirely modified. This concerns factors such as energy, resources, labor, 

knowledge, capital and many more. (Bauernhansl, 2014) 

 

In the course of a fourth industrial revolution, a reversal of all factors of production will be 

required if the goal of a sustainable future unison between supply and demand shall be 

attained. One of the most important areas of adaptation is the energy sector. Therefore, an 

energy revolution is needed in order to alter the current course. This means that a shift away 

from fossil fuels and towards renewable energy and an even better energy efficiency has to 

take place. Presumably, even more important than an energy turnaround will be a change 

in resources. Hence, the crucial questions are whether it is possible to reach a circular 

economy and how to use resources in a sustainable way? The reduction and eventually the 

termination of the exorbitant generation of waste and emissions is a very important first step. 

(Braungart and Donough, 2008) 

Another major topic is the imminent change in labor and working conditions. Taking into 

consideration that all resources involved in the various manufacturing processes need to be 

used in a more efficient way in order to stop profusion, it is no surprise that this is 

undoubtedly also going to affect the resource labor. A working environmental has to be 

created that allows employees to fully evolve their skills in order to keep them motivated, 

productive and pleased. (Bauernhansl, 2014) 

 

The alteration of all the previously explicitly as well as the briefly mentioned factors of 

production will eventually be enabled by information and communication technology. It is be 

expected that in this field, a lot of essential innovations will occur in order to allow a transition 

from the current state-of-the-art to the foreseen fourth industrial revolution. The requirement 

of creating value in a more sustainable way and concurrently satisfying the requirements of 

personalization, regionalization as well as globalization obviously leads to a significant 

increase in the complexity of all processes involved. In order to cope with this difficult and 

apparently inexpugnable task, I 4.0 is defined to be the suitable underlying concept to usher 

industry and all that it entails into future. (Bauernhansl, 2014) 
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2.3 Derivation of the Term Industry 4.0  
The term Industry 4.0 made its first appearance in a German scientific publication by 

Kagermann et al. (2011) in which the authors elaborated the main ideas of the concept. This 

exact publication then was the foundation for the manifesto called “Industrie 4.0” that the 

German National Academy of Science and Engineering published in 2013. The intention of 

this eponymous future-oriented project was to formulate a German high-tech strategy for the 

near future. The institute that is responsible for addressing and developing Industry 4.0-

related topics at the European level is the Public-Private Partnership for Factories of the 

Future. (Stock and Seliger, 2016) 

Already within the first years of the project, not only in Germany but also in Europe and even 

on a worldwide scale, the concept of Industry 4.0 and its suggested pathway towards the 

fourth industrial revolution reached a broader social and political base. (Aichholzer et al., 

2015) 

 

Ab initio, amongst the promoters of the outset were government officials, associations, 

academics and leading companies. It is rather unlikely that, at the time when the project with 

the intention to deepen the knowledge and to promote the importance of the digitalization of 

manufacturing processes was launched, any of the involved persons expected that their 

newly introduced concept would develop to such a widely examined, discussed and applied 

aspect. (i-Scoop, 2017) 

 

The meteoric rise in popularity and consequently in usage of the term Industry 4.0 diluted 

the actual meaning of the notion behind the term. In order to get a profound idea about the 

core elements and characteristics of the concept of I 4.0 and to dissociate the important 

from the less important aspects, it is necessary to impartially examine and analyze existing 

literature concerning suitable and adequate scientific definitions. (Bauernhansl, 2014) 

The findings of this can be found in the following chapter.  
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2.4 Definition of Industry 4.0  
Due to the high complexity and the rather short time of existence of the concept and term 

Industry 4.0, there is not one explicit and commonly accepted definition. However, 

academics and experts in the field provide various definitions that slightly differ but inherently 

all include the same aspects, as the following selection of definition shows.  

 

According to Aichholzer et al. (2015), Industry 4.0 is defined by intelligent, digital, networked 

and self-managed production processes which can be achieved via the confluence of the 

internet, information technologies (IT) and production techniques. The essential potential of 

the concept of I 4.0 is to establish a new quality of production technology as well as the 

combination of information and communication technology. 

 

According to Rüßmann et al. (2015), Industry 4.0 is defined as the digital transformation of 

production, which takes advantages of technologies and concepts such as Big Data, artificial 

intelligence (AI), robotics, Internet of Things (IoT) and so on leading to “connected factories, 

smart decentralized manufacturing, self-optimizing systems and the digital supply chain in 

the information-driven cyber-physical environment”.  

 

According to Roth (2015), Industry 4.0 does not require a definition of the term that the 

academic world agreed on but as soon as a given set of characteristics are given, one can 

call it Industry 4.0. This is because a whole concept cannot be narrowed down to a definition. 

He argues that the fourth industrial revolution is mainly induced by IT and requires 

companies in the manufacturing sector to effectuate four specific characteristics by the year 

2025. These characteristics that define Industry 4.0 are a high degree of individualization of 

manufacturing in addition to the already existing standard settings, highly flexible and at the 

same time efficient production processes down to one uniquely customized product, 

extensive implementation and inclusion of customers and business partners into business 

and value creation processes, as well as the connection of manufacturing and high-end 

services which lead to so called hybrid products (an example for a hybrid product would be 

to sell mobility rather than a vehicle).  

 

According to a study conducted by UNIDO (2017), Industry 4.0 is expected to have a major 

impact on economies, industries as well as lifestyle patterns all around the world. This 

process involves the nexus of the physical world of industrial production with the digital world 



 10 

of IT, which is also known as cyber-physical systems (CPS). Industrial manufacturing 

processes become digitalized and interconnected by self-organization and self-steering of 

factories.  

 

In order to round this up, the last approach to define Industry 4.0 is a rather generic and 

broad one: Industry 4.0 represents the fourth industrial revolution in manufacturing and 

industry. It is the industrial transformation with data exchange, automatization, cloud, Big 

Data, robots, CPS, AI, IoT as well as autonomous industrial techniques in order to 

accomplish smart industries and manufacturing goals in the intersection of innovation, 

people and new technologies. The principal goals of the concept are automatization, 

improvements of processes and optimization of productivity. The subordinate goals are 

innovation as well as conversion to new business models and thus, to new sources of 

revenues based on services and information. Other names for I 4.0 are for instance “smart 

industry”, “intelligent industry”, “smart factory” or “smart manufacturing”. (i-Scoop, 2017)  

 

 
Figure 2: Industry 4.0: Digital and Interconnected Production (UNIDO, 2017) 

 
Figure 2 illustrates how a digital and interconnected production under the concept of Industry 

4.0 could look like. The different symbols represent technological developments and aspects 

such as interconnectivity, IoT, automatization, Big Data, etc..  
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2.5 The Nine Technological Pillars of Industry 4.0  
The Boston Consulting Group came up with nine sophisticated technologies that form the 

foundation of Industry 4.0. The findings from BCG not only got approved by numerous 

distinguished research institutes and experts but furthermore, quite some academic 

literature used this science base as a foundation to base their research on. It is argued that 

the advancement of these technologies will make it possible to collect and analyze 

enormous amounts of data in order to enable faster, more flexible and more efficient 

manufacturing processes leading to goods of higher quality and lower costs. Further, these 

underlying technologies will generally have the effect of increasing productivity, shifting 

economics, enhancing growth and modifying the workforce profile. These technologies 

provide technical as well as economic benefits for their adopters and eventually, they will 

change the competitiveness of regions and corporations. Some of the building block 

technologies of I 4.0 are already implemented in manufacturing, while production is lagging 

behind. The implementation of I 4.0 technologies will transform production in such a way 

that isolated and optimized cells will be combined to a fully integrated, automated and 

optimized production flow which will lead to higher efficiencies and will radically change 

traditional relationships between supplier, producers, customers as well as among human 

and machine. (Rüßmann et al., 2015) 

 

On the next page, Figure 3 shows the nine technologies that according to Rüßmann et al. 

(2015) are leading to a transformation of industrial production. Therefore, these partly 

already existing but mostly new technologies are the pivotal building blocks of the concept 

of Industry 4.0. If a company decides to implement these technological novelties or in case 

an industry defines some of them as their standard, this unambiguously equals an 

implementation of Industry 4.0.  

Subsequent to Figure 3, all of the nine depicted technologies are described and 

characterized with regards to their respective benefits, expectations, state of application, 

etc..  
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Figure 3: Nine Technologies are Transforming Industrial Production (Rüßmann et al., 2015) 

 

2.5.1 Big Data and Analytics 
Analytical operations based on large data sets recently increasingly gained importance in 

the manufacturing world. Some of the arguments in favor of it are that it helps to optimize 

production quality, to save energy and to improve equipment services. Referring to Industry 

4.0, the comprehensive collection and evaluation of data coming from various sources, such 

as production or customer-management-systems, is going to become the standard in order 

to enable real-time decision making. (Rüßmann et al., 2015) 
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2.5.2 Autonomous Robots 
Robots are employed since a long time by manufacturers in different industries in order to 

cope with complex tasks. However, the fields of application for robots are only just evolving 

and they gain even greater utility by improving decisive properties such as autonomy, 

flexibility and cooperation. The eventual aims are that they interact with one another as well 

as that they work side by side with humans and, thereby, not substitute jobs but make them 

more save, productive and consequently more easy. The robots of the future will be of lower 

costs and will have a larger range of capacities compared to the ones used in manufacturing 

today. (Rüßmann et al., 2015) 

 

2.5.3 Simulation 
3-D simulations of, for instance, products, materials or even production processes are in use 

already today. While at the moment they are mostly used in the engineering phase, the 

scope of application is expected to expand. Simulations will be used for all kinds of plant 

operations in the future. These highly sophisticated simulations will use real-time data in 

order to reflect the actual world and all the relevant aspects that it comprises (such as 

products, machines or humans) in a virtual model. The result of this is that it allows 

manufacturers to test and advance the various settings of machines for the upcoming 

products in a virtual model before actually changing the physical process. Two advantages 

are the facts that it minimizes deadlocks of machines and contemporaneously increases 

quality. (Rüßmann et al., 2015) 

 

2.5.4 Horizontal and Vertical System Integration 
Nowadays it is not common but rather an exceptional case when IT systems are fully 

integrated, meaning that neither suppliers, companies and customers nor different 

departments such as engineering, production and service usually have a close nexus. With 

the implementation of the concept of I 4.0, cross-company and even universal data-

integration networks will evolve and in the course of this facilitate completely automated 

value chains which allows companies to have more detailed information on and better 

connections between its departments, functions and capabilities. (Rüßmann et al., 2015) 
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2.5.5 The Industrial Internet of Things 
For the time being, only few sensors and machines in the manufacturing sector are 

networked and deploy embedded computing. Typically, their organization structure has the 

form of a vertical automation pyramid, which means that generally sensors and field devices 

are characterized by limited intelligence and automation controllers. The data derived from 

it gets fed into an overarching manufacturing-process control system. The additional value 

that the industrial IoT offers is that it connects more devices and enriches them with 

embedded computing. An implication of this is that field devices can communicate and 

interact with one another as well as, if necessary, with further centralized controllers. 

Further, it decentralizes analytics and decision making, which in turn enables real-time 

responses. (Rüßmann et al., 2015) 

 

2.5.6 Cybersecurity 
The status quo in a lot of companies is that they rely on still unconnected or closed 

management and production systems. The increased connectivity as well as the constant 

use of standard communication protocols that Industry 4.0 entails, leads to a significant 

augmentation in the requirement to adequately protect critical industrial systems and 

manufacturing lines from cybersecurity threats. Consequently, it is of outmost importance to 

secure reliable communications as well as the elaborated identity and access management 

of machines and users. In order to cope with these challenges, several industrial enterprises 

began to join forces with cybersecurity firms via partnerships or acquisitions. (Rüßmann et 

al., 2015) 

 

2.5.7 The Cloud 
Already today, the majority of companies are using cloud-based software for certain 

enterprise and analytics applications. However, with the advance of I 4.0, further production-

related endeavors will require stronger sharing of data across sites and company 

boundaries. This should not state a problem, since at the same time, the capability of cloud 

technology is expected to constantly increase and to achieve reaction times of only a few 

milliseconds. The result will be that machine data and functionality will increase to be cloud-

based, which renders more data-driven services for production systems possible and even 

systems that monitor and control processes will be deployed to the cloud. (Rüßmann et al., 

2015) 
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2.5.8 Additive Manufacturing 
Just like 3-D printing, additive manufacturing is something that most companies only began 

to adopt. In most cases, it is used to prototype and produce individual components. With the 

rise of I 4.0, the various possible additive-manufacturing methods will be vastly used in order 

to produce small quantities of customized products that offer beneficial effects concerning 

construction such as complex and lightweight designs. Reduced transport distances as well 

as stock on hand are advantages of highly performing and decentralized additive 

manufacturing systems, just to name two. (Rüßmann et al., 2015) 

 

2.5.9 Augmented Reality 
The selection of parts in a warehouse or the transmission of repair instructions via mobile 

devices are examples of services that are supported by augmented-reality-based systems. 

The herewith associated systems are still in the early stages of development. However, 

forecasts for the future predict that companies will increasingly rely on the use of augmented 

reality in order to provide workforce with real-time data which shall lead to an improvement 

concerning decision making and work procedure. (Rüßmann et al., 2015) 
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2.6 Characteristics of Industry 4.0 
Essentially, the concept of Industry 4.0 refers to new standards in production technology 

and to a new quality in combining information and communication technology. It represents 

a highly self-configuring, autonomous and sensor-based production system in which 

communication between people, machines, robots, logistic systems, facilities, materials and 

equipment takes place via embedded hard- and software, new interfaces and internet-based 

wireless technologies. The smart factory is the place where all of this takes place and consist 

of close connections and highly complex value networks with relevant suppliers, service 

providers, producers and customers. Both, the horizontal integration in the value network as 

well as the permanent vertical integration of several process hierarchies and steps within 

the intelligent factories is organized by cyber-physical systems. The result of this will be 

more digitalized factories with possibly fewer people due to a higher degree of automation. 

This paradigm shift in the interaction between machines and human beings leads to a new 

intensity and quality of socio-technical interactions. Given the value networks under I 4.0, 

decision making becomes a process involving humans and machines. In such production 

settings, the intensity of cooperation increases significantly and the IoT is a prerequisite 

concerning infrastructure. Besides the rise of smart factories, there will also be an 

emergence of smart products. One of their main features is the fact that they know about 

their own manufacturing process as well as future use and that they have recourse to this 

information in order to proactively support their own production. The technological 

foundation for developing such CPS has shown major progress over the last years. Now, 

designing and modelling appropriate CPS is going to be a decisive factor with respect to the 

degree of embodiment of I 4.0 networking solutions in practice. (Aichholzer et al., 2015)  

 

Decidedly, I 4.0 has the potential to truly revolutionize industrial manufacturing processes. 

Yet, it is of outmost importance to consider the various advantages as well as the potential 

drawbacks that companies might face in the course of implementing the technologies 

coming with I 4.0. In the following two chapters, a number of benefits and challenges will be 

stated and analyzed in detail.  
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2.6.1 Goals and Benefits of Industry 4.0  
The main aim of Industry 4.0 is to not only make the manufacturing industry but also all 

related industries faster as well as more efficient and customer oriented, while 

simultaneously finding new auspicious business models and opportunities in the course of 

developing and implementing automatization and optimization. (i-Scoop, 2017)  

Hence, optimizing processes can be stated as one of the most prominent benefits of Industry 

4.0. If one imagines a smart factory that contains thousands of smart devices with the ability 

to self-optimize production, this leads to a production with a down time of almost zero. For 

industries that use highly sophisticated and expensive manufacturing equipment, such as 

the semi-conductors industry, this is extremely important. All companies that are able to 

constantly and consistently use production will strongly benefit from this ability. According 

to a study conducted by PwC, the European industry will ideally generate additional 

revenues of approximately 110 billion € with digitized products and services on an annual 

basis. (Schrauf and Berttram, 2016) 

 

Further benefits of I 4.0  are the potentials for cost reduction and effective use of resources. 

In the light of this, three areas can be identified which are expected to experience an 

increase in resource efficiency or a reduction of costs. The first one refers to financial 

resources, meaning investment and operating costs. The companies optimizing their value 

chains and increasing flexible manufacturing automatization will consequently reduce their 

fixed capital. Secondly, one area with a lot of potential refers to costs coming from raw and 

operating materials as well as from energy. A reduction in consumption implies a reduction 

of costs. In order to achieve this, processes have to be designed more efficient, maintenance 

has to be conducted anticipatory, less waste has to be produced, the amount of errors has 

to minimized and quality control as well as production planning has to become more efficient. 

Additionally, supply risks has to be reduced while the environmental sustainability needs to 

be increased. The third area is the one of human resources. The higher the degree of 

automatization in a company, the lower the requirement of personnel related to the 

respective production volume. Consequently, under Industry 4.0 conditions, the costs for 

personnel in relation to the respective production value will be reduced, which might even 

reduce costs in absolute terms. (Aichholzer et al., 2015) 
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Industry 4.0 goes beyond cutting costs and enhancing resource efficiency. The integral 

vertical and horizontal integration and networking will result in various advantages. For 

instance, positive effects on flexibility as well as flow time, which in turn lead to a significant 

increase in productivity and revenues. This is one out of many reasons why experts see I 

4.0 as the key to secure a competitive industrial base in the global race for economic power. 

(Aichholzer et al., 2015) 

According to the consulting company Roland Berger, expectations for the world economy 

are an annual growth of around 2.5 per cent between 2014 and 2020, while forecasts for 

the Industry 4.0 segment, including users and suppliers, predict an expected annual growth 

of 6 per cent. In monetary means, that equals approximately 800 billion US $. (Blanchet et 

al., 2014)  

In this context, a study conducted by PwC argues that industrial companies in Germany 

expect efficiency and productivity gains of 18 per cent and more within the upcoming five 

years. This is based on better digital control of vertical and horizontal value chains. 

Furthermore, it is expected that the networking and digitalization of own products and 

services will result in an annual 2-3 per cent increase in revenues. This percentage 

corresponds to additional revenues worth 30 billion €. (Schrauf and Berttram, 2016) 

In the case of Austria, I 4.0 solutions potentially lead to an increase in revenues for the 

national manufacturing sector by approximately 2.8 billion € per anno. (Busch et al., 2015)  

 

Another characteristic that is expected to turn out to be a benefit of I 4.0 is customization, 

meaning custom-made mass production with maximally small batch sizes and a higher 

variability. One advantage of this approach is that ideally only the products that eventually 

will be sold are actually produced. (Aichholzer et al., 2015) 

Another advantage coming from the creation of a more flexible and customer-oriented 

market is that it helps meeting the needs of the population in a fast and smooth manner. 

Further, it is considered to close the gap between manufacturer and customer, since it allows 

direct communication amongst them. (Cleverism, 2017)  

 

Also the opportunity for implementing new business models and services is a benefit, since 

it implicates value-added as well as market potentials. Digital business models that target 

the integrated use and analysis of data coming from the entire value network and that 

provide tailor-made solutions can lead to substantial additional benefits for businesses as 

well as for end users. Potential areas of application are project management, logistics as 
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well as already mentioned areas such as maintenance, customization and augmented 

reality. In general, the collection, analysis and use of Big Data opens up new possibilities. 

For instance, in the field of development of downstream innovative B2B services for Industry 

4.0. (OECD, 2015) 

 

One last benefit that shall be mentioned is the expected push in research. Besides offering 

new business opportunities, adopting I 4.0 technologies is expected to result in a push for 

research in fields like IT or cyber security. The new technologies of the new industrial phase 

will require a new set of skills and therefore, education and training will be affected in 

particular in order to provide such an industry with the skilled labor that it requires. 

(Cleverism, 2017) 

In the case of Germany, a prompt adaption to this requirement is of outmost importance, 

since the growth provided by the implementation of I 4.0 and all its entailed technologies is 

expected to lead to an increase in employment in the manufacturing sector in the range of 

between six to ten per cent over the next ten years. (Rüßmann et al., 2015) 

 

2.6.2 Challenges and Downsides of Industry 4.0  
A concept with an enormity like that of Industry 4.0 clearly does not only entail advantages 

and benefits but also challenges and potential disadvantages. At the present time, I 4.0 is 

rather a vision than reality. Therefore, in the course of a transformation with such an extent, 

numerous changes might occur that can have negative impacts on the company and 

industry level but also on the societal level. Since the implementation steps of I 4.0 are still 

in their early stages, the various expected risks are subject to a relatively high degree of 

uncertainty. However, there exist somewhat precisely defined ideas on how the 

implementation of I 4.0 has to take place in order to have the smallest number of 

disadvantages and the largest number of benefits. (Helbing, 2015) 

 

One of the areas in which significant changes are to be expected is employment. The 

increasing importance and implementation of integrated production systems will entail 

lasting changes regarding organizational and work structure, which will lead to a number of 

major consequences on several levels. (Smith and Anderson, 2014)  

It cannot yet be defined whether I 4.0 will have a predominantly positive or negative impact 

on the volume of employment, since this depends on a lot of development. For instance, the 

degree to which human labor will be substituted by automatization, the extent to which jobs 
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in other sectors will grow as well as wage cost developments. In the case of Germany, 

forecasts predict either an increase or a decrease of approximately 1.5 million jobs in 

manufacturing. Automation and labor costs are the decisive factors in this respect. (Spath 

et al., 2013) 

One thing that is certain is that with the worldwide adoption of I 4.0, workers will have to 

acquire new sets of skills. On a short-term basis, the trend of increasing automatization 

might displace some low-skilled workers performing repetitive and simple tasks. However, 

the rise in importance and usage of software, connectivity and analytics will result in an 

increasing demand for employees that have competencies in IT technologies and software 

development. Respective education and training initiatives may help prevent above-

averagely increasing unemployment rates. Especially the workers that conduct rather easy 

and repetitive tasks will face challenges in keeping up with the industry. Overall, the 

transformation in competences on the labor market is going to be one of the key challenges 

in the light of I 4.0. (Rüßmann et al., 2015) 

 

Another challenging aspect that the implementation of Industry 4.0 technologies brings with 

it is the IT security risk. Online integration and cloud data storage enables data leaks, cyber 

theft as well as security breaches in general. It is expected that a lot of capital has to flow 

into upgrading IT security in order to guarantee operational and product safety and to 

prevent the loss of relevant data, which eventually might hurt the respective company’s 

reputation. (Cleverism, 2017)  

A lot of the systems that are in place, were developed for offline applications and connecting 

them with the internet makes those systems vulnerable to attacks and disturbances. In 

general, it can be said that the complete and automated networking between companies 

comprises substantial potential when it comes to enhancing efficiency and optimizing 

resources. However, exactly this also includes a lot of potential security risks since a system 

that is not adequately protected, can be disrupted and in such cases, enormous amounts of 

crucial corporate information as well as personal data of employees and customers are 

affected. Protection can only be successful when each networked end is able to assess the 

others trustworthiness and to identify it as safe. (Aichholzer et al., 2015) 
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A further inevitable challenge is that a transformation of such an extent will require enormous 

investments into new technology. Raising the capital needed might pose a problem in 

particular to small and medium sized enterprises. In Germany alone, the adaption of 

manufacturing processes to I 4.0 standards will require an investment of about 250 billion € 

over the next ten years. This corresponds to 1 to 1.5 per cent of the total manufacturing 

sector’s revenues. (Rüßmann et al., 2015) 

 

One last emerging challenge which shall be mentioned refers to regulations, since the trend 

towards I 4.0 has quite some implications for legal framework. The development and 

implementation of new technologies not only entails uncertainty about the legality of the 

respective technology and its applications but also might challenge the necessity of existing 

regulations. The key areas of adjustments will be data protection, liability as well as labor 

laws. Appropriate regulatory frameworks have to fulfill the requirement to establish legal 

certainty, to strengthen responsibility, acceptance and competition as well as to ensure the 

feasibility of regulations. Innovations and constant developments will pose a challenge for 

legislation, offer a chronic lack of enforcement and therefore, require permanent 

adjustments. All in all, the challenges arising from the regulatory framework, together with 

other aspects such as employment or IT security, are expected to be of outmost importance 

and their respective solutions represent a crucial success factor. (Aichholzer et al., 2015)  
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3. Industry 4.0 and the Environment 
Nowadays, major industrial developments cannot only be driven by economic factors. In 

addition to economic, also political and social factors need to be taken into account. 

Examples for this argument are the pressing problems of the 21st century, such as 

environmental pollution, reduction of natural resources or climate change. (Erol, 2016) 

Industry 4.0 constitutes such an industrial development and its advancing implementation 

inevitably entails fundamental changes from an economic as well as a social perspective. 

The technologies underlying the concept of I 4.0 have the potential to not only boost 

productivity, but also to create environmental and social value. In order to successfully usher 

this new industrial revolution, it is of importance to identify the respective technological 

developments that have the largest potential to increase environmental and social value, 

while, at the same time, being economically beneficiary. This can only be in the interest of 

businesses as well as policy makers, since the improvement of quality and long term 

sustainability of economic growth is a common goal. (Green Alliance, 2018) 

Even though the concept of I 4.0 does not explicitly name ecological sustainability as a major 

objective, the production technology and operations research community have repeatedly 

mentioned the overall positive ecological impact and the improving sustainability that the it 

entails. (Erol, 2016) 

Therefore, more efficient use and conservation of resources can be stated as inherent goals 

of Industry 4.0 with a direct effect on the environment. Due to the continuous and integral 

collection of data, it becomes possible to reach comprehensive transparency e.g. regarding 

the resource consumption during the manufacturing process of a product and the respective 

potential savings. (Schlick et al., 2014) 

 

 

3.1 Environment 
Defining the term environment is a crucial task in the light of the research question of this 

master thesis, namely what the most prominent positive as well as negative effects on the 

environment coming with the implementation of Industry 4.0 technologies are. According to 

Principle 2 of the Declaration of the United Nations Conference on the Human Environment, 

which took place in Stockholm in 1972, the term environment is defined as “the natural 

resources of the earth, including the air, water, land, flora and fauna and especially 

representative samples of natural ecosystems”. This is a definition in the broadest sense. In 

1976, the European Commission submitted a journal that defines the coverage of the term 



 23 

environment in a somewhat more narrow way as follows: “The term ‘environment’ is used to 

cover all those elements which in their complex inter-relationships form the framework, 

setting and living conditions for mankind, by their very existence or by virtue of their impact.” 

 

Concerning the effects that humans can have on the environment, there are hardly any 

boundaries or limitations and their connotation is mostly a negative one. Humans had an 

impact on vegetation ever since (for instance due to the use of fire) as well as on animals 

(especially due to domestication and habitat changes), on soil (change in nutrient content 

leads to changes in agriculture), on the waters (such as modifications of water bodies and 

their pollution on and under the ground), on the climate and the atmosphere (most prominent 

examples are the anthropogenic greenhouse gases). (Goudie, 2006) 

On the other hand, examples of explicitly positive effects of humans on the environment 

could for instance simply be recycling, preserving wildlife, creating more green and open 

spaces in urbanized areas as well as implementing environmental protection laws. (Brenner, 

2018) 

 

 

3.2 Sustainability 
Sustainability is a crucial issue of increasing importance for the present and future 

generations. In its original sense, sustainability was mainly oriented on the environment. 

However, this focus changed over the years. In current literature, the term is defined as 

consisting of three rather than of one dimension, namely environmental, social and 

economic. Sometimes even adding technology as a fourth dimension. (Baud, 2008) 

Looking at the way consumption takes place at the moment, one could assume that the 

stock of natural resources will last forever or that the regenerative capacity of the 

environment is able to compensate all human exploitations. However, this is not the case. 

This is why from an economic, social, political as well as obviously from an environmental 

point of view, all sustainability issues will gain in influence. Especially manufacturing is going 

to be strongly affected by sustainability issues, since it is one of the main pillars of modern 

civilized lifestyle. Hence, manufacturing has the potential to play an important role in paving 

the way towards a more sustainable future. In order to actually realize a paradigm change 

towards a more sustainable future, all upcoming technological developments shall be 

required to not only meet I 4.0 standards but also to meet environmental standards. 

Particularly for the manufacturing sector, new technologies and consequently new business 
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and life style models have the capability to become the cornerstones of a new sustainable 

world. (Garetti and Taisch, 2012) 

 

In our modern society, manufacturing is the source of all goods for living, transportation, 

entertainment, production, safety, etc.. Thus, on society’s way to sustainability, the 

implementation of sustainability in manufacturing will without any doubt have one of the most 

important and positive contributions. In this regard, technological development is going to 

be a critical factor in environmental preservation. Respective appropriate technologies are 

able to promote a positive relation between social and economic human needs as well as 

environmental constraints. (Garetti and Taisch, 2012) 

For instance, experts such as Pacala and Socolow (2004) state that the carbon and climate 

problem could, from a technical point of view, theoretically be solved within the upcoming 

half-century due to the fact that the necessary scientific, technical and industrial know-how 

already exists. Yet, the decisive factor is to which degree this is of relevance to businesses 

and policy makers since those are the ones with the power to make decisions that lead to 

changes. Consequently, technology as such has to be considered as a fundamental 

enabling component of sustainability. 

 

Besides technology, also education is a fundamental enabling component of sustainability, 

especially with respect to manufacturing. Education is an indispensable prerequisite for 

people to adequately address the sustainability goals through appropriate lifestyles as well 

as through appropriate use of products and technology. This is a requirement that needs to 

be met in order to enable progress regarding sustainability. In turn, technology and 

education are the foundation for Sustainable Manufacturing (SM). This is a concept that 

goes hand in hand with the concept of Industry 4.0, but further implies standards and 

adaptions in order to make the upcoming revolution not only an industrial but also a 

sustainable one. SM is defined as the ability to use natural resources for manufacturing in a 

smart manner and thereby creating products and solutions that, especially due to new 

technologies, are capable of satisfying social, economic and environmental aims. Meaning 

that the environment will be preserved, while the standard of living will continue improving. 

(Garetti and Taisch, 2012) 
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3.3 Key Elements in Approaching Sustainable Manufacturing 
One decisive element in achieving sustainability that can definitely be implemented in the 

concept of Industry 4.0 is the sustainable design approach for new products and services 

leading to a considerably better environmental and thus, to sustainable performance. Ideally, 

an innovative approach to sustainable design is characterized by a broad range of 

applications for improving industrial products, manufacturing processes, product-service 

systems as well as production machines and systems. Various methodologies for solving 

these complex challenges have already been and will continue to be proposed. One 

example in this regard is the in the industry already known “Design for X” (where the X e.g. 

stands for recyclability, energy saving, disassembly, etc.). Another example of a rather new 

concept is to conduct product assessments through the products entire life cycle, which just 

like “Design for X” is an example for a technological development that is expected to 

increasingly emerge under Industry 4.0. (Garetti and Taisch, 2012) 

 

Another critical element in achieving sustainability contemplated from the manufacturing 

sector refers to labor as a resource. Without deflating the importance of technology and 

digitalization, humans will continue to be the ones organizing value creation also under the 

concept of Industry 4.0. Stock and Seliger (2016) offer three sustainable approaches for 

coping with the social challenge that I 4.0 entails. The first suggested approach is to increase 

training efficiency of workers by combining new information and communication 

technologies. Secondly, establishing new CPS-based approaches of work organization and 

design can foster creativity and increase intrinsic motivation. The third approach refers to 

the implementation of individual incentive systems in order to increase the extrinsic 

motivation.  

 

Further, the manufacturing equipment also constitutes an opportunity towards sustainable 

manufacturing. In general, the manufacturing equipment that can be found in factories 

represents capital goods with a long life expectancy of 20 years and longer. In order to easily 

and cost-efficiently upgrade existing manufacturing equipment with sensors, actuator 

systems, the related control logics as well as further Industry 4.0 technology upgrades, 

retrofitting can be used as an approach for realizing CPS throughout factories with already 

existing manufacturing equipment. It is a low cost alternative to the new procurement of 

manufacturing equipment and, therefore, a particularly suitable option for small and medium 

sized companies. Retrofitting not only expands the life expectancy and facilitates the 
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handling of upgraded manufacturing equipment, but further essentially contributes to the 

economic as well as the environmental dimension of sustainability. (Stock and Seliger, 2016) 

 

Relating to the manufacturing equipment, it can be mentioned that I 4.0 technologies can 

minimize unreliable demand planning and overproduction. I 4.0 applications allow more 

accurate demand forecasts, which leads to a reduction in waste. This is because of the fact 

that overproduction as well as the inventory could be reduced by projecting the required 

input materials more accurate. Accurate demand forecasts will decrease the need for 

unnecessarily large amounts of raw material. Under such circumstances, less resources will 

be extracted for the production of new goods. (Blunck and Werthmann, 2017) 

 

One major aspect that also has to mentioned in this respect is the combination of two trends, 

namely sustainable energy and Industry 4.0. So far, this approach has not attracted a lot of 

attention in research. However, there are various ways how sustainable energy concepts 

can be incorporated into digital factories. Fundamental prerequisites for this are data 

connection of the factories with the energy system in order to elaborate the current level of 

renewable energy in it as well as the market price. Thereby, energy consumption and 

generation can be converged. Demand response is one of the most prominent approaches 

in this field. The concept addresses the temporal flexibility of energy consumption and may 

be characterized as load curtailment, load increase and load shifting. It is of particular 

importance to time-flexible but energy intense production processes, such as chemical 

electrolysis. The general aim of the concept is to time production phases according to the 

availability of inexpensive electricity in the energy market. (UNIDO, 2017) 
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Figure 4: Producing in Smart Factories when Electricity is cheap (UNIDO, 2017) 

 

Figure 4 shows how the total electricity load as well as the total electricity price decrease 

when timing certain, or ideally all, production phases according to the availability of 

inexpensive electricity coming from renewable energy sources. In conventional industries, 

one does not take into account preferable times for demanding electricity. Under Industry 

4.0, one can use energy more flexible by having information on when electricity is cheapest 

and consequently adapting production phases according to these “ideal demand times”.  

 

 

3.4 Industrial Pollution and Energy Consumption Development 
The European economy is characterized by a strong industrial sector. This brings with it a 

number of far reaching advantages as well as disadvantages. The most prominent downside 

of Europe’s large industrial sector is the fact that it is one of the major sources of pollution. 

It is true that European industry’s environmental performance has improved over the past 

decades. Nevertheless, the industrial sector bears the responsibility for enormous amounts 

of pollution to soil, water, air and for the generation of vast amounts of waste. Some EU 

policies such as the Industrial Emissions Directive or the European Union’s Emissions 

Trading System delivered measurable achievements regarding the reduction of pollution. 

However, incentives to change operating practices, integrated approaches with stricter 
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control of pollution at source and the use of innovative technologies will be necessary for a 

transition to a greener European industry. (European Environmental Agency, 2015) In this 

context, Industry 4.0 is promising concept, since it entails a number of advantages and 

desired characteristics.  

 

Industry is a sector that emits significant amounts of air pollutants and greenhouse gases. 

In Europe, the industrial sector was responsible for 85 per cent of Sulphur dioxide (SO2) 

emissions, 40 per cent of nitrogen oxide (NOx), 20 per cent of fine particulate matter (PM2.5) 

and of non-methane volatile organic compounds (NMVOC) emissions, and 50 per cent of 

total greenhouse gas emissions in the year 2012. Figure 5 shows how the emissions of 

these pollutants coming from industry have reduced since 1990. Concurrently, the 

productive capacity of the European industrial sector has increased. The reasons for the 

reduction in industrial pollution were stronger environmental regulations, energy efficiency 

improvements as well as innovative pollutant abatement technologies. An addition driver for 

emission reductions was the emergence of a general tendency for the European industrial 

sector to gradually dismiss certain heavily polluting types of manufacturing. (European 

Environmental Agency, 2015) 

 

 
Figure 5: Emissions of Air Pollutants and Greenhouse Gases, and Gross Value Added from 
European Industry (European Environmental Agency, 2015)  
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As mentioned above, innovative pollution abatement technologies are a crucial factor in the 

strive to a greener and more sustainable future. Especially with respect to innovative 

technologies, the concept of Industry 4.0 is expected to, on the one hand, raise European 

industry to the next level in terms of global competitiveness and knowhow and, on the other 

hand, to continue and amplify the trend towards a greener manufacturing sector.   

 

 
Figure 6: Absolute Change from 1990 - Sectoral Greenhouse Gas Emissions by IPCC Sector 
(European Environmental Agency, 2016) 

 

Figure 6 illustrates the absolute change in greenhouse gas emissions between 1990 and 

2004 in CO2 equivalent. The total greenhouse gas emissions excluding land use, land-use 

change and forestry (LULUCF) decrease significantly since the year 1990. With respect to 

sectors, industry is second when it comes to reductions in greenhouse gasses. This 
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strengthens the argument that the industrial sector already achieved some successes in 

decreasing greenhouse gas emissions. As mentioned before, one of the decisive factors is 

technological development and Industry 4.0 is capable of delivering exactly that. The energy 

supply sector is the only sector that in terms of greenhouse gas emission reductions 

performs better than the industrial. This enormous decrease in pollutants is only possible 

due to the fact that the energy sector is a major emitter. Otherwise, it would be impossible 

to cut that much.  

 

 
Figure 7: World Energy Consumption by Country Grouping (Energy Information Administration, 
2017) 

 

Figure 7 shows the global energy consumption as it is at the moment as well as a forecast 

up to the year 2040. All depicted groups of countries are expected to increase their demand 

for energy. Consequently, even though the energy supply sector is diminishing its 

greenhouse gas emissions in relative terms, a net increase in greenhouse gas emissions 

can be anticipated.  

 

In the context of this, Figure 8 states the relationship between renewable and non-renewable 

sources of energy. The upper bar chart shows the relatively minor share of renewables 

compared to non-renewable and thus, emission-intense energy sources. The lower bar chart 

then shows that the largest share of renewable energy is coming from traditional uses of 

biomass such as agricultural by-products, wood fuels and dung. The issue with that is that 

biomass as a source of energy is a large greenhouse gas emitter itself. This can be seen in 
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Figure 6, showing CO2 emissions from biomass as the sector with the strongest increase in 

greenhouse gas emissions since 1990.  

 

 
Figure 8: Renewable Energy Sources (Tabary and Purdie, 2010) 

 

Having this in mind, it can be expected that the rise of Industry 4.0 and all its additional 

technical developments, tools and devices will only intensify this trend of increasing demand 

for energy and parallel to it an increase in greenhouse gas emissions. It is true that the 

purpose of most of these technologies is to improve efficiencies, including energy efficiency. 

However, the additional increase in demand for energy is more likely to be the change with 

the greater extent. 

 

 

3.5 Reduced Use and Conservation of Resources 
The number of raw materials and resources is decreasing at a fast pace due to the 

exploitation that took place especially over the past 200 years. The fact that they are already 

comparatively limited makes their extraction a more and more difficult and consequently 

more expensive task. Additionally, the current trend in the light of industrial products is that 

they are getting smaller, while, at the same time, becoming more and more complex in their 

composition. In many cases, it is not even clear out of what kind of materials a product 

consists. This undesirable trend asks for measures such as reuse of materials and new 

recycling technologies combined with complementary product-related information in order 

to raise awareness and, thereby, increase concern and importance regarding the 

appropriate handling of resources. (Garetti and Taisch, 2012) 
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Many proponents of Industry 4.0 name a reduction in costs together with an increase in 

resource efficiency as the major benefits coming from the transition to a networked and self-

regulating production system. The resources that they refer to include raw materials, 

financial resources as well as consumables such as energy. Hence, I 4.0 will not only 

optimize the use of resources but also reduce production costs and increase productivity. 

Overall, this will contribute to a substantial gain in flexibility as well as a greener and more 

sustainable economy. The concept of I 4.0 is expected to contribute to improving resource 

efficiency in particular by minimizing expenditure of resources. Material costs, especially in 

the case of raw materials, make up about 40 per cent of the overall production costs. The 

application of CPS will enable case-by-case optimizations of materials used in the 

production process and, at the same time, makes a resource-conserving and efficient design 

of processes possible. Making the right decisions as well as finding a balanced position 

between what is technically feasible, economically viable and socially and environmentally 

acceptable is going to be one of the key challenges in the pursuit of the desired productivity 

and efficiency increase. (Aichholzer et al., 2015) 

 

The most research in the light of reduced use and conservation of resources is related to 

topics such as new recycling technologies and material reuse, remanufacturing, sustainable 

packaging, etc.. (Garetti and Taisch, 2012) 

In the following, the mentioned research areas are described in further detail.  

 

3.5.1 New Recycling Technologies and Material Reuse 
Returning waste materials into supply chains and using them as raw materials, energy 

sources or as substitutions for non-renewable natural resources are all initiatives that could 

easily be implemented under I 4.0 and that help reaching a more sustainable future. With 

regards to this, new efficient recycling and collecting technologies and processes that are 

ideally based on the concepts of reuse, further use, upgrading and remanufacturing are 

needed. (Dodbiba et al., 2008) 

Due to the increasing number of materials used in products, their environmental impact 

when being disposed becomes more and more relevant. Hence, the development of a 

comprehensive life cycle methodology in order to optimize the life usage and the reuse 

capability of the product is needed for the reduction of their disposal impact. (Garetti and 

Taisch, 2012) 
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3.5.2 Remanufacturing 
Remanufacturing is an area of research as well as a business area that becomes more and 

more important as countries are tightening environmental legislations and regulations in 

economic activities. The quality of reused products varies from product to product and might 

even change during the manufacturing process. Thus, the performance of the entire 

remanufacturing system can be enhanced by individually handling the used products 

depending on their dynamic quality. An optimization of remanufacturing processes leads to 

an increase in efficiency, which, in turn, allows for cost reductions as well as for the reuse 

of remanufactured components and, at the same time, satisfies required quality 

specifications. There is no doubt that this has the potential to substantially contribute to the 

usage optimization of natural resources as well as various raw materials. The technological 

developments that the concept of I 4.0 entails are expected to provide what is required for 

improving remanufacturing and, therefore, to help approaching more sustainable industrial 

standards. (Garetti and Taisch, 2012)  

 

3.5.3 Sustainable Packaging 
Sustainable packaging is an issue that is already on the rise. Many companies, especially 

in the consumables sector, looked into optimization of packaging with the intention of making 

it more sustainable while gaining additional economic value (e.g. via cost reduction). The 

packaging issue can be considered an area with sustainability potential, since it forms an 

essential part of wastes for industrial as well as consumer goods. (Garetti and Taisch, 2012) 

 

 

3.6 Energy Savings 
When taking a look at the various resources consumed by manufacturing, energy appears 

to be crucial regarding sustainable development. First and foremost, this is because of the 

impact of fossil fuels on the environment. The manufacturing sector is responsible for more 

than 36 per cent of the worldwide final energy consumption as well as for about the same 

percentage of direct and indirect global CO2 emissions. Thus, the improvement of energy 

efficiency is a major stepping stone towards a more sustainable future. (IEA, 2017) 

 

The digitalization of manufacturing processes is one of the key features of Industry 4.0 and 

has the potential to be transformed in such a way that energy can be saved. This can, for 

instance, be achieved by optimizing or replacing certain technologies, by applying new 
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software tools or by adapting business processes. Generally, energy can be saved by an 

increase in energy efficiency. Over the past years, energy efficiency has indeed advanced. 

However, in order to achieve the international climate change mitigation targets, the 

improvement of energy efficiency has to continue. In particular the industrial sector 

comprises a tremendous potential in this respect. In order to realize this potential, 

technological developments and new technologies are necessary. Estimations depict that 

energy use could be cut by 13 to 29 per cent in the most energy-intensive industrial sectors 

(namely iron and steel, chemicals, cement, aluminum and pulp and paper) through the 

implementation of the best available technology (BAT). In turn, the reduction in these five 

sectors would lead to a reduction in global energy use and global CO2 emissions by 

approximately 4 per cent. These numbers show the potential that an adequate 

implementation of Industry 4.0 implicates. (UNIDO, 2017) 

 

An additional aspect that should at least briefly be mentioned in this context is renewable 

energy, since renewable energy and energy efficiency constitute the two central 

components of sustainable energy systems. These do not only play pivotal roles in achieving 

international climate mitigation and sustainable development targets but further, share 

important characteristics with the concept of Industry 4.0. Both, the sustainable energy 

transition as well as Industry 4.0, are strongly influenced by technological innovations, are 

dependent on the development of new appropriate regulations and infrastructures and are 

potential enablers for new business models. Despite this nexus, their shared features have 

not yet been translated into respective policies in order to concurrently emphasize more 

sustainable energy systems as well as digital production in an integrated manner. The share 

of electricity consumption of industries worldwide amounted 42.5 per cent in 2014 and 

energy networks have the duty to accommodate the electricity demand from these industrial 

consumers. Knowing this, one can easily imagine how the digital transformation of industries 

as well as the transition towards more sustainable energy systems could gain from one 

another. Further, it could help avoiding the development of new path dependencies, which 

might lead the energy sector as well as the industrial sector into a more carbon intense and 

less sustainable future. An integrated approach like this could be accompanied by the 

Sustainable Development Goals (SDGs), which supply important target settings concerning 

energy, climate action and beyond. (UNIDO, 2017) 
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The concept of Industry 4.0 brings with it several technological developments that inevitably 

lead to the establishment of so-called smart factories. Some characteristics of these 

digitalized, networked and interconnected factories have the potential to be more energy 

efficient and thus, to reduce pressure on the environment. The essential reason for the 

difficulties in evaluating and improving factories’ energy efficiency is the lack of 

understanding of the energy consumption behavior. A solution to this is the comprehensive 

collection of data from smart meters, sensors as well as other tools and the integration of 

this data into production management in order to enhance energy efficiency. These aspects 

are all included in the IoT technology, which makes it capable of changing the conventional 

paradigm of energy measurement. Furthermore, remote monitoring of energy consumption 

data across the factory becomes possible by the application of sensors and smart meters. 

This data can then be used by energy management experts to make real time assessment. 

Overall, even more sustainable practices could be implemented based on the adoption of 

IoT technology for the improvement of energy efficiency at production level. For instance, 

the prevention of peak times, the integration of energy data in the production schedule, and 

so on. (Shrouf, Ordieres and Miragliotta, 2014) 
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4. Expert Opinion 
In order to not only rely on the findings coming from existing literature, this chapter either 

proves or disproves the information generated by researching literature with personally 

conducted expert interviews. The experts that offered me their time and expertise are, on 

the one hand, DI Roland Sommer, MBA who is the CEO of the “Plattform Industrie 4.0 

Österreich” and, on the other hand, Dr. Thomas Fleckl, who is the Head of Competence Unit 

Sustainable Thermal Energy Systems. In the case of Mr. Sommer, the interview was 

conducted in person on the 3rd of May 2018 in the Viennese office of “Plattform Industrie 4.0 

Österreich”, while Dr. Fleckl answered the exact same questionnaire in a digital format on 

the 4th of May 2018. Every information stated in this chapter refers to the two questionnaires, 

unless another reference is explicitly mentioned. Both questionnaires can be found in Annex 

1. The questionnaire consists of three chapters, with the first chapter consisting of five 

questions with a focus on Industry 4.0 in general as well as on the impact and goal of the 

respective expert’s institute. The focus of the second chapter is on the nexus between 

Industry 4.0 and the environment. With a total of six, in parts sophisticated questions, this is 

the chapter where the main emphasize is put on. The last chapter does not consist of any 

questions but firstly, gives the interview partner the chance to state any additional 

information that has not been covered by the two previous chapters and secondly, provides 

space for any follow up comments or references.  

 

 

4.1 Concerning Industry 4.0 in General 
The first question of chapter one asked for a definition of Industry 4.0. The main idea behind 

this very general question was to have a smooth start into the interview as well as to hear a 

definition of this rather complex and comprehensive concept of Industry 4.0 from an expert 

that actually has to do with this issue in day-to-day life and compare it to the most prominent 

and valuable definitions that literature offers. Sommer claims that for him Industry 4.0 can 

be defined as the vertical and horizontal integration as well as the digitalization of the value 

chain. Industry 4.0 is a political buzz word that encompasses various sectors and areas such 

as manufacturing, services, new business models, etc.. Due to the terms eclectic character, 

many people do not really know what it actually is about. Some companies that invest a lot 

of money into the implementation of Industry 4.0 technologies claim that they are only at the 

very beginning, while others argue that they are 100 per cent digitalized because of the fact 

that they have an homepage. These two very controversial statements are a nice example 
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to show how extremely substantial and intangible the term and the concept underlying 

Industry 4.0 is.  

Fleckl defines the term Industry 4.0 as the full interconnection of industrial manufacturing 

which is characterized by a high degree of automatization both regarding the processes and 

regarding the level of interconnection and which further keeps the newly generated 

knowledge within the system in order to build upon it.  

 

The follow up question focuses on the role and aim of the institute of the respective expert 

and, thus, on the added value that they create in the light of Industry 4.0. Fleckl works for 

the Austrian Institute of Technology (AIT), which is an applied research institute that 

develops solutions and technologies in the various sectors for the industry as well as in 

cooperation with the industry. Regarding Industry 4.0, these developments aim, amongst 

others, at the areas of digital safety and security, energy, mobility, visualization, 

automatization and regulation, interface between human and machine as well as the 

development of new production technologies. 

In the case of Sommer’s “Plattform Industrie 4.0 Österreich”, the field of tasks can be divided 

into four main areas. Improving the political framework conditions regarding digitalization 

with a focus on manufacturing companies, supporting Austrian businesses in the 

manufacturing industry, coordinating interests between the various players, as well as in a 

general sense thinking ahead and addressing topics that might be of relevance for the 

manufacturing industry in Austria. 

All in all, the job of both institutions is to support the Austrian manufacturing industry in their 

endeavor to implement various technologies as well as other aspects belonging to the 

concept of Industry 4.0 and thereby, to remain competitive. In the case of the AIT, it appears 

that the general focus rather lies on technological development and consulting, while in the 

case of “Plattform Industrie 4.0 Österreich”, besides the technological dimension the focus 

appears to be on consulting and supporting with respect to the political dimension.  

 

The two upcoming questions targeted the most prominent benefits as well as the major 

challenges coming with Industry 4.0. The answers of the two interviewed experts look 

somewhat similar with only marginal differences. First and foremost, Industry 4.0 obviously 

has to constitute a benefit for the implementor compared to the state-of-the-art. If this is not 

the case, an implementation of Industry 4.0 technologies is unrewarding. The benefits 

entailed by an implementation of Industry 4.0 can be legion. According to both experts, the 
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most prominent benefits of Industry 4.0 refer to manufacturing itself. One major vision in this 

regard is called batch size one. This means to produce customized products at mass 

production costs. Obviously, this is not realistic for all manufacturing industries but for those 

applicable, it is desirable. In order to have an idea what this means, Sommer names an 

example. Siemens has a plant in Amberg in Germany, where they have one production line 

with which they are capable of manufacturing around 250,000 different product variants. 

Also referring to manufacturing is predictive maintenance. That means that machines will 

tell when maintenance is due. The consequent advantages are a significant reduction in 

downtimes, improvement of production quality, increase in energy and resource efficiency 

as well as a reduction in costs. Connected to the improvement of production quality is the 

new quality requirement. In the past, an incoming and dispatch control was sufficient. 

Already nowadays and especially with Industry 4.0, almost every production stage 

comprises sensors for controlling. The advantage is that as soon as something gets out of 

hand, production stops and, hence, rejects can be minimized. Besides the various monetary 

advantages, this also entails environmental advantages, since it leads to a reduced and 

more reasonable usage of raw materials. Further beneficiary aspects concerning 

manufacturing are the automatization of repetitive tasks, the application of new 

manufacturing processes, the retention of knowledge and expert knowledge in models and 

the generation of new knowledge out of it (“machine learning”).  

Another area where benefits coming from Industry 4.0 are expected is the massive change 

in business models. For instance, data collection, processing and analysis is a promising 

area. By reference to Tesla, one application, with, amongst others, also positive 

environmental impacts is the configuration of existing products via software updates, 

meaning the adjustment of the settings of the respective car according to its respective 

owner. Further, not only structured but also unstructured data can be used. An example 

would be the tapping of unstructured data for social media platforms and its integration into 

logistics planning, e.g. someone posting that there is traffic on the highway and a logistics 

company using this information to plan an alternative route.  

However, especially the business models that have to do with the enormous amounts of 

newly acquired data and know-how do only function under the premise that confidentiality 

is ensured. Consequently, the systems in the background have to meet certain standards 

concerning aspects such as IT security. One aspect that is gaining importance in the light of 

this is whether manufacturing machines can be hacked. So far, this question has not really 

been an issue but since manufacturing machines’ technology is going to be online as well 
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as interconnected under Industry 4.0, the protection and safety of the data and know-how 

obtained in the manufacturing processes as well as in the course of all other business 

processes and services has to be ensured. Besides the safety aspect, Fleckl argues that 

the newly acquired data and know-how has to be interpreted and employed appropriately. 

In order to guarantee this, cooperation with expert knowledge is important.  

In general, one of the most prominent challenges coming with Industry 4.0 is to realize and 

understand potential advantages and to implement the necessary technological and 

structural changes needed to actually benefit. Fleckl points out that in many sectors, the 

added value of the various new developments is not yet distinct. Further, different regions 

face different challenges. And this does not only apply on a worldwide scale comparing the 

challenges of e.g. Europe, China and the U.S. but also on a smaller scale. For instance, 

within Europe a country such as Spain will face different challenges than countries like 

Germany or Austria with a comparably rather high industrial rate. This shows the next type 

of challenge, namely technology. Depending on the status quo, it is even impossible to 

compare national challenges. In this regard, on has to separate sectors and industries. 

Ideally, even every single company has to be considered individually. Another challenge 

refers to the social sphere. With an increase in automatization and technology, the working 

environment is expected to change drastically. Consequently, the qualifications that 

workforce has to provide will change as well. However, in the context of this, Sommer 

expects that these changes will not lead to a wave of redundancies in countries such as 

Austria, where standards in the manufacturing industry are already high in global 

comparison. His forecast predicts that more white collar than blue collar jobs will be cut. This 

is because new technologies can replace employees in areas such as accounting, while the 

high rate of automatization and digitalization coming with the sophisticated technologies in 

the manufacturing process asks for qualified personal able to cope with it. Both experts 

agree that an aspect of outmost importance in this respect is the provision of adequate 

training and education. A challenge that Sommer explicitly mentioned refers to the new 

arising business models. This is expected to be a particular challenge for Europe and the 

German-speaking world, because of the fact that they are outstandingly endowed with 

engineering and manufacturing of technologically complex products and solutions. As an 

example to attest this argument, the comparison of Tesla and Mercedes was mentioned. 

When comparing the cars produced by the two manufacturers, a Mercedes can be 

characterized as a technologically more sophisticated car than a Tesla. However, Tesla 

offers a business model that can compete with that of Mercedes. This shall depict that it is 
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not exclusively about ingenious technological solutions but about the overall package, and 

with regard to the development and coverage of new business models, there is some room 

for improvement.  

 

The last question of chapter one refers to the stage of implementation in which Industry 4.0 

currently is and to sectors which act as role models. Again, the answers of both experts 

were basically the same with only minor differences. This shows the value and validity of the 

received answers. Fleckl as well as Sommer argued that coverage as well as degree of 

maturity differ significantly amongst the various sectors. However, if one would have to name 

a pioneer than this would be the manufacturing sector, even though there are obviously also 

companies in the manufacturing industry that cannot be regarded as role models, while there 

are pioneer companies in other sectors. 

Sommer names the automotive sector as another example for a sector in which the concept 

of Industry 4.0 is a major issue and already advanced. As an example to illustrate this 

argument, he mentioned the customization options to configurate cars in many different 

ways, which requires extremely flexible production processes. 

Fleckl mentions the construction industry as a rather rudimentary one. Yet, integrated 

planning, constructing and operating is more and more becoming a necessity in the 

construction branch. In general, he argued that in most cases the added value of e.g. 

interconnectivity and other changes coming with Industry 4.0 first have to be discerned and 

proven. Most facilities are designed for efficient but not for flexible production processes and 

before making an investment and implementing new technologies, businesses want to have 

proof that a change is necessary and useful. Generally talking about the stage of 

implementation of Industry 4.0 and the respective preconditions, Sommer claims that the 

apprenticeship training is an advantage with respect to Industry 4.0 for the manufacturing 

industry in the German-speaking world. This is because of the fact that apprentices are 

trained in such a way that they become highly educated employees with the ability to more 

easily adapt to constantly or significantly changing working conditions compared to less 

qualified employees.  
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4.2 Concerning Industry 4.0 with a Focus on the Environment 
Due to the correlation between the first and the third question of chapter two, question 2.2 

is the one elaborated first. The intention behind question two of chapter two is to figure out 

whether there exists something like a “Sustainable Industry 4.0” concept. Both experts 

claimed that they have not heard of an explicitly sustainable concept of Industry 4.0 by now. 

In fact, sustainability is a part of the concept of Industry 4.0. However, hardly any company 

started implementing or is going to implement Industry 4.0 primarily due to sustainability 

reasons. The fact that higher standards regarding sustainability comes with the 

implementation of Industry 4.0 is a positive connotation but cannot be seen as the reason 

for implementing the concept of Industry 4.0.  

 

The intention of the first question of chapter two is to elaborate whether there exists a nexus 

between Industry 4.0 and the environment. Yet again, both experts agreed that there is an 

occasionally strong connection between the concept Industry 4.0 and the environment. 

Fleckl suggests that there would be a strong connection regarding energy efficiency as well 

as regarding the application of fluctuating renewable sources of energy. Overall, Industry 

4.0 has the potential to optimize the resource use (regarding raw materials, energy, waste 

and emissions) in the production process. However, this might possibly lead to conflicts with 

other aims of Industry 4.0 such as batch size one or a flexible production.  

Sommer links answering this question with question 2.3, which asks for the most prominent 

positive as well as negative changes concerning the environment that Industry 4.0 entails. 

He said that one can only manage what one can measure, meaning that only given that the 

energy demand is known, changes can be made and behavior can be adopted. As an 

example he mentioned an experiment by students at ETH Zurich. They were asked about 

their demand for water (in liters) when taking a shower. Their assumptions were much lower 

than the actual result and the consequence was that they drastically reduced their demand 

(in liters). Visualization led to change in behavior, and this is what can be expected from the 

implementation of Industry 4.0 regarding positive effects on the environment. Another 

positive impact on the environment results from the increase in quality control, which is 

expected to take place at almost all production steps. Consequently, the number of rejects 

will be reduced severely. Sommer refers to statistics showing that human beings make 

between 500 and 600 mistakes per 10,000 tasks. This rate is expected to drop to eight to 

ten mistakes per 10,000 tasks under the concept of Industry 4.0. This increase in efficiency 

also leads to the result that the same amount of output can be produced with less input, 
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which results in a reduction in the need for raw materials. Further, a technological novelty 

that is related to Industry 4.0 is the concept of the digital twin. The general idea behind this 

is to not only virtually develop prototypes before constructing them but to also simulate the 

coveted functions and processes. Only under the premise that the simulation of the 

construction and operation of the prototype is perfect, the plan is put into action. The result 

is going to be a massive conservation of resources. Another new technology with an 

enormous potential regarding the conservation of resources is 3D printing. The major 

advantage of this is that it only uses exactly the amount of material required and that it does 

not produce any waste. Also the digitalization per se can be seen as a positive effect on the 

environment. It is true that it might lead to an increase in the demand for energy, but many 

products that once had to be manufactured and therefore, required raw materials are 

nowadays mostly available in digital form. An example would be the music industry. In the 

past, one had to produce CDs or records and today streaming platforms and music portals 

increasingly gain importance.  

In addition to that, Fleckl provides some more positive effects on the environment coming 

from Industry 4.0. The ability to identify potential failures, breakdown etc. at an early stage 

results in temporal, economical as well as advantages regarding resource (energy) 

conservation. Furthermore, purposeful maintenance, more efficient use of resources and 

the fact that newly acquired knowledge can be kept in the system were also mentioned as 

positive aspects that an implementation of Industry 4.0 entails.  

All in all, both experts agreed that the most prominent positive effects on the environment 

coming from Industry 4.0 are the increase in efficiency e.g. coming from a higher degree in 

occupancy rates, and the more efficient usage of resources, e.g. due to less waste, rejects 

and energy demand. Both leads to a conservation of resources compared to status quo.  

 

Frankly, the advance of Industry 4.0 might also have negative effects on the environment. 

Fleckl argues that with an increase in automatization, production can become cheaper while 

capacity can augment. Thus, businesses might want to use this opportunities, which 

consequently does not lead to more sustainable and durable products. Also, batch size one 

might be economically unreasonable compared to mass production and as such not an 

objective to pursue.  

Sommer states that the additional technology leads to an increase in energy demand. 

Actually, the expected increases in efficiency result in a reduction in demand for energy. 

However, all the additional technologies and devices demand a lot of energy. Technologies 
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such as blockchain or just the collection, analysis and storage of data require a substantial 

additional amount of energy. Consequently, it is not sure yet but it could well be that the 

overall energy demand increases. In order to cover the additional demand for energy 

adequately, meaning ideally with energy coming from renewable sources and not from fossil 

fuels, a comprehensive infrastructure program is necessary. For this, the public sector is in 

demand.  

 

The intention of the fourth question of chapter two is to find out the potential of aspects such 

as increasing transparency, illustration of data (e.g. real-time emission data), etc. that come 

with Industry 4.0 regarding the environment. Fleckl argues that data necessarily have to be 

linked with an appropriate interpretation in order to prevent unwanted misconceptions (for 

instance an exceedance of emission limits during the boot of a machine). Real-time data 

can be used concerning surveillance. Data about products such as CO2 imprint, origin or 

required resources could in general be valuable for consumers in the buyer decision process 

and therefore, be beneficiary for sustainability.  

Sommer focused on an argument that he already made in the course of answering another 

question, namely that visualization has the potential to lead to a change in behavior. With 

respect to this very question, he argues that an increase in transparency and illustration of 

data raises awareness and consequently, leads to more sustainable behavior. In order to 

undermine this argument, he cited an example from a project in supermarkets in Ireland. 

The various stores had completely different demands for energy with the reason for it being 

unknown. After a while, it was discovered that the temperatures in the freezers were 

significantly different. In some stores the demand for energy was 50 per cent more than in 

other stores, only due to the different temperatures in the freezers. The measurement and 

collection of data led to an increase in transparency and thus, to the realization that there is 

an enormous potential for energy conservation. Due to the fact that one measured and 

illustrated data, a change in behavior has been considered. Furthermore, cameras were 

installed in the parking area and when a certain amount of cars entered the parking area, 

the temperature in the freezers were automatically reduced because one knew that the 

amount of opening and closing activities in the store would increase within the next minutes. 

The results were a reduction in costs for energy, an increase in efficiency and consequently, 

an improvement in the conservation of resources.  
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Question 2.5 refers to the necessity of changes in legislation in order to be able to profit from 

potential benefits for the environment coming with the implementation of Industry 4.0. Both 

experts agree that it will be inevitable to have certain legal adaptions due to the fundamental 

changes that Industry 4.0 entails. 

Besides the legal framework conditions, Sommer campaigns for political tools and initiatives 

to motivate companies. According to Sommer, such political instruments might be more 

appropriate to accomplish change. Businesses should have an intrinsic motivation to act, 

rather than being forced by law. Therefore, the public sector is, on the one hand, in demand. 

On the other hand, it possesses a lot of potential for change. A government, for instance, 

can emphasize a topic by putting the focus on it (e.g. by mentioning it in a government 

program). In Austria, the term digitalization is mentioned 89 times in the government 

program of 2018.  

 

The last question of chapter 2 focuses on the consciously sustainable implementation of 

Industry 4.0. Sommer states that an increase in efficiency and a more efficient utilization of 

resources mostly result in a reduction in costs, which depicts the actual prime motive. 

Companies gladly acquiesce that the implementation of Industry 4.0 has positive effects on 

the environment. However, the chances of a company implementing Industry 4.0 due to 

sustainability reasons are almost zero. Yet, one has to be careful with this statement. As 

elaborated in paragraph 3.2, sustainability does not only have an environmental but also a 

social, economic and arguably even a technological dimension. Industry 4.0 might not 

exclusively be implemented due to the environmental, but for the social dimension. In this 

respect, Industry 4.0 offers a number of excellent opportunities. For instance, projects that 

equip people with disabilities with digital assistance systems, which allow them to integrate 

into manufacturing processes and thereby, gives them the chance to find a job.  

According to Fleckl, it is rather the other way round than what the question suggests, namely 

that the implementation of Industry 4.0 results in a conservation of resources. In a broader 

sense, an example in this regard would be the implementation of direct electricity trading via 

blockchain between the producers (PV) and the consumers in New York.  
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5. Foresight and Results 
Our modern world faces a number of great challenges. One of those challenges is that 

nowadays economy is locked into a system where the linear model of production and 

consumption is still favored by many. However, this lock-in is decreasing under the pressure 

coming from the emergence of some disruptive trends. The key characteristic that all of 

these disruptive trends share is advanced information technology, which is considered to be 

able to provide the required qualities and characteristics. With particular respect to the 

manufacturing industry, the concept of Industry 4.0 is this promising disruptive trend. System 

thinking skills combined with a comprehensive and integrated understanding of technology 

and data will be decisive in the approach to overcome the difficult environmental, economic 

and social challenges of today and tomorrow. Industry 4.0 technologies and its smart 

products are expected to not only meet these challenges but to further even generate 

substantial economic, social and environmental benefits. Hence, it has the ability to 

contribute to the strive towards a circular economy (CE). The economic system that follows 

the concept of a CE will be able to lead to a new time of development and growth, which 

represents a promising opportunity to redefine the nexus of the present economy with 

resources and to create a socially, environmentally and economically sustainable future. 

(Blunck and Werthmann, 2017)  

 

This master thesis aimed at finding a science based answer to the research question what 

the most prominent positive as well as negative effects on the environment entailed by 

Industry 4.0 are. In the course of elaborating and exploring the existing literature as well as 

by conducting interviews with two respected experts, an adequate answer including the 

presumably major positive as well as negative effects on the environment appears to be 

found. 

When combining the findings coming from the conducted literature review with the expert 

findings, the most prominent negative effect on the environment that the implementation of 

Industry 4.0 entails in the increase in energy demand. At the center of the concept of Industry 

4.0 are a number of highly sophisticated and promising technologies that are obviously 

powered by electricity. Installing additional technologies and technical devices necessarily 

requires additional energy. Since the share of renewable energy is still minor compared to 

energy coming from fossil fuels, an increase in energy demand is expected to lead to an 

increase in the negative externalities of fossil fuel energy, such as augmenting CO2 

emissions etc.. The result is an extra burden for the environment.  
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Concerning the most prominent positive effects, two major benefits can explicitly be 

mentioned. Having in mind the major negative effect, the first benefit might sound sarcastic,  

but energy savings coming with the new Industry 4.0 technologies is one of the major 

benefits. The increase in efficiency and transparency leads to more efficient production 

processes and thereby, to a reduction in energy consumption. As mentioned above, it is true 

that these new technologies require an additional amount of energy but one of their main 

purposes is to increase efficiencies and with that, reduce the demand for energy in the 

different production phases. It is not yet determined whether the overall energy demand will 

increase or decrease compared to the current situation. Frankly, forecasts predict that a rise 

in energy consumption is more likely.  

The second major positive effect for the environment is the reduced use and conservation 

of resources. The increase in resource efficiency is a result of the overall increase in 

efficiencies of the production processes. In turn, having more precise processes results in a 

situation in which the same amount of output can be made from less input. Thus, the 

expected increase in productivity together with the optimization in the use of resources will, 

on the one hand, contribute to flexibility gains and, on the other hand, to a more 

environmentally-friendly economy.  

 

The future of Industry 4.0 in general looks promising. It entails a number of advantages that, 

from an economic, social and environmental point of view, make sense to desire. 

Implementing Industry 4.0 of course also brings with it some serious challenges. However, 

all these challenges can become beneficiary when mastering them. The motivation to 

implement Industry 4.0 will in almost all of the cases be an economic rather than an 

environmental one. But since Industry 4.0 entails a number of benefits that have an overall 

positive effect on the environment, this development and fourth industrial revolution can, 

from an environmental point of view, only be endorsed.  
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