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Abstract: Social awareness regarding the impact of industrial manufacturing on 
sustainability has been increasing since the late 1970s. As a result, businesses operating 
in the Finnish manufacturing industry are now feeling the pressure to find more 
sustainable production models to remain competitive. The upcoming Fourth Industrial 
Revolution, commonly known as Industry 4.0, has been presented as a promising 
solution towards finding more sustainable manufacturing practices. First introduced in 
2011, Industry 4.0 is expected to differ from The Third Industrial Revolution, not only 
in technological advances related to the Internet of Things (IoT) but also in 
opportunities for realizing sustainable manufacturing. However, current literature also 
highlights the many barriers standing in the way of its integration. 

By conducting a cross-sectional study based on interviews, this thesis aims to 
understand 1) how eight Finnish manufacturing specialists perceive the current state of 
manufacturing in Finland, as well as 2) the opportunities and barriers for achieving 
sustainable manufacturing through Industry 4.0. Key findings show sustainable 
manufacturing as a highly relevant topic in the Finnish manufacturing industry, 
presenting various benefits for business related to improved brand image, financial 
gain, and employee retention. However, the lack of knowledge around sustainable 
development, lack of resources to implement sustainable manufacturing processes, and 
lack of external demand for sustainability are challenges for realizing sustainable 
manufacturing in the current state of the Finnish manufacturing Industry.  

Moreover, Industry 4.0 adoption is perceived to create substantial opportunities for 
achieving more sustainable manufacturing practices. It is tied to outcomes such as 
increased operational excellence, process optimization, efficiency gains, flexibility in 
work environments, employee motivation, well-being, and proactive and preventive 
decision-making. Alongside these outcomes, however, specialists identify many barriers 
perceived to be in the way of adoption, such as the lack of resources, integration 
difficulties, and the lack of knowledge around Industry 4.0 technologies.  

As such, this study presents a framework surrounding perceptions of the opportunities 
and barriers of adopting and implementing Industry 4.0 in support of sustainable 
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manufacturing in the Finnish industry. In turn, this thesis contributes to the growing 
literature on sustainable manufacturing and Industry 4.0 in the European 
manufacturing industry. Furthermore, it extends and complements the literature by 
investigating these concepts within the context of Finland. 

Keywords: Sustainability, sustainable manufacturing, Industry 4.0, industrial 
revolutions, The Fourth Industrial Revolution, specialist interviews 
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1 INTRODUCTION 

Industrialization has been one of the main contributors to pollution and disregard 
for environmental issues throughout history (for example, Carvalho et al., 2018). In 
fact, despite the increase of environmental regulation and legislation, as well as 
advances in technology, the European Environment Agency still lists the industrial 
manufacturing sector as one of the most significant sources of pollution in Europe 
(EEA, 2018). However, since the World Commission on Environment and 
Development's (WCED) "Brundtland report" (1987), awareness toward the impact of 
industrial manufacturing on sustainability has been increasing (Elkington, 1994). 
Because of this, a singular focus on profit maximization and a disregard for the 
demands of stakeholders has become less acceptable (McWilliams et al., 2016). Now, 
many actors in the manufacturing industry are feeling the pressure to find more 
sustainable production models to remain competitive (Felsberger & Reiner, 2020) 
while keeping the costs of energy and materials down and economic growth at the 
forefront (Westkämper, 2008). 

Related to finding ways to manufacture more sustainably, the upcoming Fourth 
Industrial Revolution, commonly known as Industry 4.0, has been presented as a 
promising solution. Industry 4.0 was first coined in 2011 in Germany at the Hannover 
Fair (Schwab, 2017). Industry 4.0 was presented as the next step forward from The 
Third Industrial Revolution, which started in the 1970s and is expected to differ from 
it not only in technological advances related to the Internet of Things (IoT) but also 
in opportunities for realizing sustainable manufacturing (Stock & Seliger, 2016). 
Although Industry 4.0 is The First Industrial Revolution predicted a priori (Drath, 
2014), the topic has already had a substantial influence on the manufacturing 
industry over the last decade. This influence is seen in the increasing number of 
European manufacturing industries exploring and developing the potential for 
sustainable manufacturing through Industry 4.0 (Felsberger & Reiner, 2020; Stock 
& Seliger, 2016).  

The term Industry 4.0 comprises “a variety of technologies to enable the development 
of the supply chain resulting in reduced manufacturing lead times, and improved 
product quality and organizational performance" (Kamble et al., 2018, p. 408). In 
other words, when deployed successfully, the technologies and process integrations 
introduced through Industry 4.0 can positively contribute toward sustainable 
outcomes (Carvalho et al., 2018). In turn, these outcomes can lead to increased 
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resource and energy efficiency resulting from, for example, better allocation and 
coordination of factory-floor resources, modernization of existing manufacturing 
equipment, reduced waste, and work-in-process materials, as well as more flexible 
work environments that free workers from having to perform routine tasks 
repeatedly (Kagermann et al., 2015; Spath et al., 2013; Lasi et al., 2014; Kagermann 
et al., 2013). 

Alongside the opportunities that Industry 4.0 presents for sustainable 
manufacturing, current literature also highlights the many barriers standing in the 
way of its integration. In fact, the implementation of more sustainable manufacturing 
practices alone can be a challenge, regardless of whether they are considered part of 
Industry 4.0. For example, Bhanot et al. (2017) list several organizational barriers to 
achieving sustainable manufacturing, such as lack of awareness of sustainability 
concepts, high costs, lack of funds, and lack of support from senior management. 
Similarly, literature also presents numerous challenges for adopting Industry 4.0 
technologies for sustainable manufacturing. These challenges include lack of 
awareness of how Industry 4.0 can contribute to sustainable manufacturing, the 
initial high cost of Industry 4.0 implementation, lack of funds for investment as well 
as lack of management support (e.g., Sharma et al., 2020; Kumar et al., 2020; 
Moktadir et al., 2018; Feng et al., 2018).  

Moreover, the opportunities and barriers of Industry 4.0 and sustainable 
manufacturing across the European manufacturing industry are far from 
homogenous. Much of this has to do with the prerequisites for sustainable 
manufacturing and Industry 4.0 adoption, such as IT infrastructure and big data 
maturity, which vary across Europe (Castelo-Branco et al., 2019). An exciting country 
in this regard is Finland. Current literature names Finland as a "leader" in Industry 
4.0 infrastructure, with higher levels of adoption when compared to other countries 
in the European Union (Castelo-Branco et al., 2019). Moreover, concerning 
sustainable manufacturing, Finland has shown leadership among EU countries. It 
has programs such as Sustainable Manufacturing Finland, Horizon Europe, and 
Eureka, which all focus on renewing business models to address the challenges of 
climate change (Business Finland, 2021).  

Against this background, the literature suggests that sustainable manufacturing and 
Industry 4.0 are likely topics of concern for Finnish manufacturers. Therefore, 
understanding their views on both topics can be valuable for policymakers and 
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practitioners in the Finnish manufacturing industry. Unfortunately, however, there 
is no peer-reviewed research conducted with Finnish manufacturers on their 
perceptions of the future impact of Industry 4.0 on the current state of sustainable 
manufacturing or the perceived opportunities and barriers to Industry 4.0 adoption 
for sustainable manufacturing. As such, this research will provide a valuable and 
novel look into the perceptions surrounding the two phenomena in the real-life 
context of the Finnish manufacturing industry. 

1.1 Research Problem and Objectives 

This research aims to gain insight into the perceptions surrounding both sustainable 
manufacturing at its current state as well as Industry 4.0 adoption for sustainable 
manufacturing. As such, this study will investigate what eight specialists working in 
the Finnish manufacturing industry perceive to be 1) the benefits and challenges of 
sustainable manufacturing at its current state and 2) the opportunities and barriers 
of Industry 4.0 adoption for sustainable manufacturing development. These industry 
specialists include Finnish manufacturing company CEOs, Supply Chain Managers, 
Board Members, Production Directors, Plant Managers, and General Managers, all 
with at least 15 years of experience working in industrial manufacturing. Through the 
perceptions of these specialists, this research hopes to provide real insight into the 
Finnish manufacturing industry and views on the concepts of sustainable 
manufacturing, the upcoming Industry 4.0, and the relationship between the two. 

The importance of this research lies in the significant lack of knowledge and 
uncertainty in the connections between Industry 4.0 and sustainable manufacturing 
(Kamble et al., 2018). As previously mentioned, Industry 4.0 and its influence on 
sustainable manufacturing are only just being predicted a priori (Drath, 2014). In 
other words, while Industry 4.0 has arrived in theory, most of the manufacturing 
industry is still operating with Industry 3.0 technologies or is at the early stages of 
shifting to what will be The Fourth Industrial Revolution (Drath, 2014). As such, this 
study provides novel insights around the perceptions in the Finnish manufacturing 
industry on both sustainable manufacturing at its current state and what Industry 
4.0 has to offer towards development.  

Furthermore, this study argues that these insights can be important not only for the 
Finnish industrial manufacturing industry but also for that of Europe. In other 
words, to maintain and strengthen the competitiveness of the European 
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manufacturing industry, research should aim toward gathering more information on 
sustainable manufacturing and Industry 4.0 adoption. In turn, industry practitioners 
can learn about the value of these concepts and discover ways to overcome their 
barriers.  

In light of these objectives, the research questions for this study are: 

RQ1. How do eight Finnish senior manufacturing specialists perceive and describe 
the current state of sustainable manufacturing in Finland? 

RQ2. How do eight Finnish senior manufacturing specialists perceive the 
opportunities and barriers of Industry 4.0 for achieving sustainable 
manufacturing? 

To answer these questions, this study must first understand the perceptions of 
Finnish manufacturing specialists around sustainable manufacturing in its current 
state. What practices are perceived to constitute sustainable manufacturing? Is 
sustainability a relevant topic in Finnish manufacturing? What are the benefits and 
challenges of manufacturing sustainably? Only after understanding the perceptions 
of these specialists in terms of sustainable manufacturing in its current state can we 
understand their perceptions on how Industry 4.0 can contribute to this in the future. 
Through answering these two questions, this study aims to produce a cohesive 
framework around the perceptions of Finnish manufacturing specialists on 1) 
sustainable manufacturing in its current state and 2) the opportunities and barriers 
of adopting Industry 4.0 for achieving sustainable manufacturing in the future. 

Given how multifaceted and non-trivial the concepts of sustainable manufacturing, 
as well as Industry 4.0 both, are, the chosen research methods must create an 
understanding of both phenomena in a real-life context. In light of this, a qualitative 
cross-sectional study based on interviews is conducted. Specifically, interviews were 
held with eight industry specialists working in eight different manufacturing 
companies operating in the Finnish industrial manufacturing sector. As such, this 
study aims toward creating a framework illustrating the opportunities and barriers 
of implementing and adopting Industry 4.0 in support of sustainable manufacturing. 
As a result, this research contributes to the growing literature on sustainable 
manufacturing and Industry 4.0 in the European manufacturing industry. 
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Furthermore, it extends and complements the literature by investigating these 
concepts within the Finnish manufacturing sector. 

1.2 Delimitations 

The sample scope of this research is limited to specialists working in eight industrial 
machine shop manufacturing companies in Finland. Machine shop manufacturers 
are specialized in the machining of metals and typically operate as either contract 
manufacturers or independent manufacturers (Lehtinen, 2001 as cited by Lehtinen 
& Torkko, 2005). Independent manufacturers design, manufacture, and own their 
goods. In contrast, contract manufacturers work on contract for external vendors to 
manufacture either part of or the entirety of a good being sold (Lehtinen, 2001 as 
cited by Lehtinen & Torkko, 2005). For this study, specialists from both kinds of 
manufacturing companies were included in the sample to gain a more comprehensive 
overview of the perceptions of Finnish industry specialists. 

As previously mentioned, the eight industry specialists selected for this study work 
as CEOs, Supply Chain Managers, Board Members, Production Directors, Plant 
Managers, and General Managers, all with at least 15 years of experience working in 
the field of industrial manufacturing. With this level of experience, these specialists 
can be considered the industry leaders in their field of work and, in turn, make their 
perceptions on sustainable manufacturing and Industry 4.0 valuable for research. 
However, because only eight specialists are being interviewed, this study does not 
attempt to generalize findings to all manufacturers operating in Finland, let alone 
Europe. 

Finally, it is essential to note that the research questions of this study are concerned 
with the perceptions of these specialists. A focus on perceptions means that this study 
does not intend to measure the impact of any specific Industry 4.0 technology on 
sustainable manufacturing. In other words, this analysis does not attempt to analyze 
the cause-and-effect relationship between adopting industry 4.0 technologies and 
achieving measurable, sustainable manufacturing outcomes, e.g., reduction of CO2 
emissions. Instead, this study aims to understand the current perceptions of 
specialists operating in the real world of Finnish manufacturing. For this reason, 
qualitative interviews were chosen as the most suitable and information-rich method 
for data collection. 
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1.3 Structure of the Research 

The first chapter provides the reader with an introduction to the purpose and scope 
of the research. Here, the objective and aim of answering the knowledge problem are 
elaborated. 

The second chapter presents a literature review, forming the basis for inquiry and 
analysis. First, all four Industrial Revolutions are introduced with a focus on Industry 
4.0 and its distinguishing characteristics and technologies. Then, sustainability and 
its different dimensions are discussed. Understanding this will form the framework 
in which sustainable manufacturing is discussed. Third, the current state of the 
Finnish manufacturing industry is presented from the perspectives of sustainability 
and Industry 4.0 readiness. After that, the benefits and challenges of sustainable 
manufacturing are introduced to give the reader a full picture of sustainable 
manufacturing at its current state. Finally, the opportunities and barriers of adopting 
Industry 4.0 technologies for sustainable manufacturing are discussed. The second 
chapter ends by tying together the literature review findings and their implications 
for the study. 

The third chapter describes the methodology used in this research, meaning the 
approach and design applied. After that, the methods used to collect data are 
presented, and the sample is introduced to the reader. Finally, the methods used to 
analyze the collected data and the trustworthiness of the methods are discussed. 

The fourth chapter presents the findings and analysis of the data collected. First, 
patterns and themes of the conducted interviews are presented. After that, these 
findings are reviewed and analyzed more closely through quotes collected from the 
interviews. 

Finally, the fifth chapter discusses the findings and answers the research questions 
posed in Chapter 1. In addition, implications, limitations, and suggestions for further 
research are proposed and assessed. 
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2 LITERATURE AND BACKGROUND 

2.1 Industrial Revolutions 

Throughout each industrial revolution, the emergence of different inventions and 
technological developments has impacted not only how products are manufactured 
but also the economy and the environment (Koc & Teker, 2019). Therefore, to 
understand how Industry 4.0 can shape the world within manufacturing, reviewing 
the technological developments preceding it is essential. Thus, The First, Second, and 
Third Industrial Revolutions will be examined, after which the emergence of Industry 
4.0 and some of the most relevant technologies behind Industry 4.0 will be 
introduced. This review will help highlight the differences between previous 
industrial revolutions and the upcoming Industry 4.0, both technologically and in 
terms of impact on sustainability. 

2.1.1 The First Industrial Revolution 

The First Industrial Revolution began in the early 1760s with the invention of steam 
power (Mavropoulos & Nilsen, 2020). Over the next eighty years, Western societies 
shifted from primarily using production methods done by hand to using machines 
and equipment in the form of manufacturing systems. This meant that 
manufacturers could now operate in large-scale factories, with machine tools run by 
steam. In turn, more precise and efficient machining of metals led industry leaders 
to rethink manufacturing processes and physical production floors. Workers and 
facilities were organized in ways that sped up production. 

Aside from the introduction of new technologies, the most remarkable discovery of 
the first revolution was the use of fossil fuels (Mavropoulos & Nilsen, 2020). While 
fossil fuels were instrumental in enabling the process developments discussed above, 
they also polluted the air, causing a major impact on the environment as well as 
communities living near factories. There was no technology to handle the waste and 
overspill from the burning of fuels. Moreover, with an increasing amount of people 
migrating to urban areas, cities quickly became overpopulated, leading to significant 
problems with waste management and sanitation, which in turn resulted in 
outbreaks of diseases.  

During this time, however, the concern of industrialized cities was not with the 
environment but with the health of the communities. Because of this, solutions such 
as dumping waste into the environment were frequent practices (Kumar, 2016). 
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Among other things, this caused water contamination and eventually prompted the 
introduction of waste management systems and public health acts (Mavropoulos & 
Nilsen, 2020). 

2.1.2 The Second Industrial Revolution 

The First Industrial Revolution was only the beginning of major technological 
developments in manufacturing (Mavropoulos & Nilsen, 2020). By the 1870s, 
electricity was commercialized in the form of generators and lightbulbs, and less than 
a decade after this, the telephone was invented. Electricity enabled mass production 
and assembly line principles, while the telephone made it possible to communicate 
across long distances in real-time. Alongside railroads, cars, and the rotary press, 
these two inventions were key to new ways of manufacturing and globalization and 
increased communication and mobility. 

The first few decades of The Second Industrial Revolution brought significant 
improvements toward both productivity gains and the growth of the economy 
(Mavropoulos & Nilsen, 2020). During this time, public health systems were 
introduced, and most Western countries could ensure some water quality standards. 

Then, plastic was invented, and for the first time, the manufacturing industry was not 
bound by the limits of natural resource supplies (Mavropoulos & Nilsen, 2020). This, 
in turn, enabled the mass production of consumer goods and allowed manufacturers 
to produce large volumes of a product while driving down costs. In fact, during this 
era, cost reduction was the focus of all industrialized activity, which meant that waste 
was also dealt with in the cheapest way possible. This often meant removing it from 
the city and placing it in the surrounding nature. This resulted in landfills, industrial-
scale incineration, and the dumping of waste in the sea. As Mavropoulos and Nilsen 
(2020) characterized it, "the aim was to get rid of it [waste], at the lowest possible 
cost." (p. 29).  

This mentality was only heightened after the great depression, and shortened 
product life cycles were introduced as a strategy to kick-start the economy 
(Mavropoulos & Nilsen, 2020). Products were designed to break down easily, be used 
up quickly, and the repair of products was made expensive or impossible. The 
shortening of product life cycles to encourage consumption and the lack of costs 
associated with waste management made this type of manufacturing extremely 
profitable. As production grew, so did the Western economy's environmental 
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footprint. As such, the 1960s prompted societal concern for the impact of 
industrialization on the environment and marked the start of the modern 
environmentalism movement. 

2.1.3 The Third Industrial Revolution 

The Third Industrial Revolution introduced the digital handling of information 
(Mavropoulos & Nilsen, 2020). The shift from Industry 2.0 to 3.0 was led by the 
advent of computers and global digital networks. This shift, in turn, ushered in a new 
era of innovation, bolstered by various software tools and operating systems, as well 
as the release of the World Wide Web in 1991. As the ability to collect, process, merge 
and distribute data grew, so did the opportunities for global value chains. During this 
period, the importance of humans in manufacturing lessened. This lessening effect 
was because technological developments such as automation introduced new ways to 
speed up production without increasing hard labor. As such, The Third Industrial 
Revolution and the new digital era had a massive impact on processes and 
organizational structures, enabled by automation, ICT integration, and advanced 
labor capabilities. 

The productivity gains lead by digitalization were growing faster than ever before, 
and regulations to minimize the negative environmental impact could not keep up 
(Mavropoulos & Nilsen, 2020). Starting from the 1970s, waste volumes and CO2 
emissions grew exponentially and did not decrease until the 1990s. In line with the 
"get rid of it" mentality from previous decades, waste was exported via cargo ship 
from Western countries to developing countries. As a result, countries living in 
poverty hosted the landfills of the rich. 

Over time, mass production and unregulated waste exportation lead to major global 
environmental, social, and economic issues and have driven the awakening of 
environmentalism in politics (Mavropoulos & Nilsen, 2020). Throughout the late 60s 
and 70s, legislation around waste management and pollution was being introduced, 
and The First World Climate Conference was held in 1979 in Geneva. As The Third 
Industrial Revolution entered the 21st century, there were more technological 
capabilities than ever before and regard for the environment had become a major 
concern globally.  
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2.1.4 Industry 4.0  

Industry 4.0 was first mentioned in 2011 at the Hanover Fair trade show in Germany, 
by a working group operating on commission for the Research Union Economy-
Science of the German Ministry of Education and Research (Culot et al., 2020, 
Schwab, 2017). The concept of Industry 4.0 was introduced as a proposal for the new 
development of German economic policy and as a synonym for The Fourth Industrial 
Revolution (Mosconi, 2015; Lee, 2013; Kagermann et al., 2013). Industry 4.0 
represents current and predicted future trends in the manufacturing industry and 
includes new technologies such as cloud computing, the Internet of Things (I0T), and 
cyber-physical systems (Kagermann et al., 2013; Lasi et al., 2014).  

Before discussing Industry 4.0 in more depth, it is important to emphasize that 
Industry 4.0 cannot be reviewed ex-post like the previous Industrial Revolutions 
because it has been predicted a priori (Drath, 2014). In other words, we are only in 
the early stages of this shift from Industry 3.0 to 4.0, meaning there is no way of 
knowing how technological advancements will shape this manufacturing period. 
Therefore, industry 4.0 is a possible outcome of these current trends in the 
manufacturing industry rather than "a historical fact." (Mavropoulos & Nilsen, 2020, 
p. 36).  

This notion also explains why there are different perspectives to understanding 
Industry 4.0, but in general, the core of Industry 4.0 lies in the emergence of digital 
or smart manufacturing (Jazdi, 2014). Smart manufacturing allows communication 
between industry units across the competitive industrial supply chain (Kagermann 
et al., 2015). Here, the supply chain includes factories, suppliers, logistics, customers, 
etc., and leads to flexibility of industrial operations (Jazdi, 2014; Garbie, 2016). In 
Industry 4.0, many technologies that arose in The Third Industrial Revolution are 
being developed and combined to become part of large, organized networks with a 
shared logic (Mavropolous & Nilsen, 2020). In these networks, humans and 
machines are connected via shared configurations, in which devices, people, and 
software can communicate back and forth at any time (Alcácer & Cruz-Machado, 
2019).   

2.1.4.1 Distinctive Characteristics of Industry 4.0 

Each Industrial Revolution builds on the one preceding it, gradually increasing the 
level of technological complexity (Mavropolous & Nilsen, 2020). Because of this, the 
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key indicators in the shifts from one industrial revolution to the next can be difficult 
to pinpoint, especially the case for Industry 3.0 and 4.0. Many of the technical 
enablers of Industry 4.0 have already been invented two or three decades ago during 
The Third Industrial Revolution (Li et al., 2017). Still, they have since developed to 
enable new capabilities. Through extensive analysis of existing Industry 4.0 
literature, authors such as Culot et al. (2020) have identified the four most distinctive 
characteristics of Industry 4.0, which set this era of manufacturing apart from the 
ones prior.  

First, process integration refers to merging process and product data within 
organizations and throughout integrated value chains (Kagermann et al., 2013; 
Kagermann, 2015; Mavropolous & Nilsen, 2020). In essence, process integration 
breaks apart the silos between the various manufacturing stages and, in turn, helps 
facilitate the exchange of data within a company and across value networks 
(Kagermann et al., 2013). Second, real-time information transparency and virtual 
representation are closely related to process integration and refer to the cyber-
physical capabilities of Industry 4.0. Here, physical manufacturing processes and 
systems are simulated virtually in cyber-space, enabling real-time data sharing and 
storing (Lee et al., 2015; Mavropolous & Nilsen, 2020). Finally, autonomy refers to 
the capability of machines to react to changes in real-world environments without 
external guidance from operators (Frank et al., 2019). 

2.1.4.2 Industry 4.0 Technologies 

While the technological landscape of Industry 4.0 is still changing, current literature 
has been able to identify some of the technologies that are thought to play a 
significant role in this shift (Mavropolous & Nilsen, 2020; Bai et al., 2020; 
Kagermann et al., 2013). However, it is important to note that the focus of this study 
is not on the opportunities of any specific Industry 4.0 technology toward 
sustainability. Instead, this study chooses to focus on the opportunity brought by the 
sum of these technologies. For this reason, Industry 4.0 technologies will only be 
presented briefly in Table 1 to give a better idea of what Industry 4.0 is and how it 
differs from the third industrial revolution. Furthermore, this table is not meant to 
be exhaustive. 
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Table 1 Industry 4.0 Technologies 

 

 
Technology Definition 

Internet of Things (IoT) IoT is enabled by sensors, actuators, and processors that can 
communicate with software, humans, and amongst each other 
(Mavropolous & Nilsen, 2020). IoT is what allows "people and 
things to be connected anytime, anyplace, with anything and 
anyone." (Sundmaeker et al., 2010, p. 41) 

Cloud Computing 

 

Cloud computing enables the sharing and storing of large 
volumes of data in real-time across companies (Xu et al., 
2020; Mavropolous & Nilsen, 2020). 

Cyber Physical Systems Cyber-physical systems integrate the virtual world with the 
physical. (Lu, 2017). 

Additive manufacturing (3D 
printing) 

Additive manufacturing refers to technology that creates 
lightweight, three-dimensional solid objects (Bai et al., 2020). 

Artificial Intelligence (AI) Artificial intelligence (AI) refers to machines' increased 
capability in data analysis and decision-making (Bai et al., 
2020; Mavropolous & Nilsen, 2020). 

Autonomous robots 

 

Autonomous robots can work either partly or fully 
autonomously, side by side with humans (Bai et al., 2020; 
Mavropolous & Nilsen, 2020). 

Simulation Virtual simulation refers to capabilities that allow 
manufacturers to mirror the physical world digitally 
(Mavropolous & Nilsen, 2020). 

Note. This table includes some of the key technologies of Industry 4.0 but is by no means meant to 
be an exhaustive list. 
 

2.1.5 The Key Differences Between Each Industrial Revolution 

To conclude this section of the literature review, a summary of the evolution from The 
First Industrial Revolution to Industry 4.0 is presented in Figure 1. From here, the reader 
can see the main developments between each revolution and the periods during which 
they occurred. 
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Figure 1 The Evolution from Industry 1.0 to 4.0 

 

Note. Each of the four industrial revolutions builds on the one preceding it, gradually increasing the 
level of technological complexity (Mavropolous & Nilsen, 2020). Adapted from Industry 4.0 Challenges 
and Solutions for the digital transformation and exponential technologies (p. 3), by Deloitte (2015).  

Based on the literature review thus far, it is time to discuss the shift to Industry 4.0 
in the context of sustainable manufacturing. Sustainability as a concept is first 
defined, and then the current state of sustainable manufacturing in Finland and its 
readiness to adopt Industry 4.0 is assessed. Finally, the literature review will zero in 
on the main focus of this study, i.e., the opportunities and barriers of Industry 4.0 
adoption for sustainable manufacturing in the Finnish manufacturing industry. 

2.2 Sustainability & Sustainable Manufacturing 

Before delving into the connection between Industry 4.0 and sustainability, it is 
essential to briefly go over how sustainability is defined for this study. To do so, 
Elkington's Triple Bottom Line (TBL) framework (1998) will be introduced and 
applied. Sustainable manufacturing processes are analyzed from an economic, 
environmental, and social perspective. 

The benefits of sustainable manufacturing for businesses will be highlighted 
throughout this section to illustrate what kinds of sustainable manufacturing 
processes and outcomes have already been recorded. In addition, to provide more in-
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depth knowledge of why these benefits can be tricky to achieve, this study will also 
discuss some of the main challenges of achieving sustainable manufacturing. 

2.2.1 Triple Bottom Line Framework & Sustainable Manufacturing 

Because of the wide breadth of sustainability as a concept, there are hundreds of 
definitions and views for what it encompasses (Arowoshegbe & Emmanual, 2016). 
However, a commonly accepted definition is that of the World Commission on 
Environment and Development (WCED) (1987), which defines sustainability as 
"development that meets the needs of the present without compromising the ability 
of future generations to meet their needs" (p. 8). More important than its definition, 
however, is understanding how sustainable development is operationalized. The 
Triple Bottom Line (TBL) framework presented by Elkington (1998) is often used as 
a way to examine sustainability from an environmental, social, and economic point 
of view (Gimenez et al., 2012). With this underlying framework in mind, this study 
will focus on the environmental, social, and economic sustainability of 
manufacturing production processes.  

First, for manufacturing processes, the environmental dimension of TBL is often 
discussed in terms of the use and recycling of different resources, energy 
consumption, and the carbon footprint companies have as a result of their production 
(Gimenez et al., 2012). Therefore, a manufacturing company with environmentally 
sustainable production processes is likely to focus on waste management and 
reduction, energy efficiency, emissions reduction, and the use of less hazardous or 
harmful materials to the environment (Gimenez et al., 2012).  

Second, social sustainability refers to a company's sustainability efforts related to 
both its internal (employees) and external communities (Pullman et al., 2009). 
Internal social sustainability efforts can focus on, for example, employee safety, fair 
labor rights, fair wages, providing good working conditions for employees, as well as 
enabling employee participation and empowerment (Mani et al., 2016a; Mani et al., 
2o16b; Vivian, 1992; Petit, 2012). In other words, social sustainability concerning 
internal communities focuses on issues that affect the well-being of the people 
involved in the manufacturing processes (Mani et al., 2018). On the other hand, 
external social sustainability has to do with corporate social responsibility and its 
social impact on its external stakeholders (Elkington, 1994).  
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Finally, the economic dimension of the TBL refers to the economic and financial 
performance of an organization (Braccini & Margherita, 2018). Of the three 
dimensions, economic sustainability is often easiest to understand because it is a 
clear indicator of long-term profitability (Markley & Davis, 2007; Gimenez et al., 
2012). The primary effect on economic sustainability comes from manufacturing 
processes, logistics, and overall production costs (Stark & Lindow, 2017). Economic 
sustainability is often measured as the positive impact that more sustainable 
manufacturing processes have on manufacturing costs (Gimenez et al., 2012). For 
example, using fewer resources in production decreases environmental impact 
(environmental sustainability) and results in long-term cost savings (economic 
sustainability).  

2.3 The Finnish Manufacturing Industry, Pre-Industry 4.0 

With these three sustainability dimensions in mind, the following section will delve 
into existing research on the current state of manufacturing in Finland, pre-Industry 
4.0. This section will lay the foundation for the first research question of this study 
and tie together what existing literature tells us about the current state of sustainable 
manufacturing in Finland and the perceptions on how Industry 4.0 can contribute to 
this. To do so, the current state of manufacturing in Finland will be reviewed first 
from the perspective of sustainable manufacturing and then from that of Industry 
4.0 readiness.  

2.3.1 The Current State of Sustainable Manufacturing 

The industrial manufacturing sector accounts for nearly 50% of Finland's exports and 
roughly 30% of the country's GDP (Business Finland, 2021). Therefore, the sector is 
considered a cornerstone of the country's economy and has large-scale implications 
for the environment. In fact, despite the developments in environmental regulation 
and energy efficiency over the past forty years (Haapala et al., 2013), the Finnish 
manufacturing industry ranks as one of the highest sources of pollution in the 
country (EEA, 2020).  

However, that is not to say that Finland has not made efforts toward sustainable 
manufacturing. Programs such as Sustainable Manufacturing Finland, Horizon 
Europe, and Eureka offer funding opportunities for the Finnish manufacturing and 
industrial technology industries, therefore incentivizing sustainable development 
(Business Finland, 2021). Relevant themes within these programs include climate 



 

 

16 

neutrality, digitized and circular production, resource efficiency, resilience, and 
Industry 4.0 (Business Finland, 2021). Finland is also part of the United Nation's 
global Agenda 2030 program, in which participant countries agree to achieve the 
program's 17 sustainable development goals (SDGs) by the year 2030 (presented in 
figure 2). The SDGs range from ending poverty to strengthening global sustainability 
partnerships and targeting the large-scale development of industrial manufacturing 
(United Nations, 2021).  

Figure 2 The Sustainable Development Goals 

 

Note. The United Nation’s 17 Sustainable Development Goals. United Nations (2019). 

There are opportunities and incentives toward sustainable manufacturing in Finland 
through these sustainability programs, but what does the current landscape look 
like? According to research conducted by Halonen et al. (2020), as of 2020, Finland 
has successfully achieved approximately half of all 169 SDG subgoals presented in 
Agenda 2030. In fact, according to the Finnish Ministry of Foreign Affairs, Finland 
ranks first in an international comparison of sustainable development (Finnish 

Government, 2021). 

So, while Finland's level of progress is significant, Halonen et al. (2020) explain that 
further action is needed to accelerate and scale achievements to meet the 2030 
deadline for the targets. According to Halonen et al. (2020), to meet these goals, 
sustainable development initiatives in Finland must support industrial investments 
that support the green transition, especially industrial symbiosis. Furthermore, 
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sustainable development initiatives should focus on 1) investing in digitalization, 2) 
supporting and guiding the manufacturing industries in terms of opportunities 
toward sustainable development and decreasing its environmental impact, and 3) 
focusing innovation support toward improving production processes (Halonen et al., 
2020). This of course may be easier said that done. In fact, current literature lists 
several organizational challenges to achieving sustainable manufacturing. For 
example, Bhanot et al. (2017) mention lack of awareness of sustainability concepts, 
high costs of sustainable manufacturing and lack of support from senior 
management. 

In sum, while the Finnish manufacturing sector has come a long way in terms of 
sustainability, there is still progress to be made. Achievements should focus on 
improving resource efficiency, investing in digitalization, and investments that 
improve production processes. Through this, the need to invest in the next wave of 
digitization and smart manufacturing becomes apparent. However, the opportunities 
that Industry 4.0 presents depend heavily on the readiness to adopt. Therefore, the 
following section will assess the readiness of the Finnish manufacturing industry for 
Industry 4.0 adoption to give an idea of whether Industry 4.0 for sustainable 
manufacturing is even a possibility. 

2.3.2 Industry 4.0 Readiness in Finnish Manufacturing 

It is important to note that the opportunities presented by Industry 4.0 for 
sustainable manufacturing are enabled by public policies, available resources, and 
the industry environment (Ashrafi & Mueller, 2015; Mithas et al., 2013; GTAI, 2013). 
This means that opportunities are not homogenous across all countries or 
environments and instead differ based on factors such as the available digital 
infrastructure and analytical capabilities of handling big data (Castelo-Branco et al., 
2019). So, before we delve into Industry 4.0's opportunities for sustainable 
manufacturing, it is vital to assess the readiness of the Finnish manufacturing 
industry for adoption. This, in turn, will help understand the perceptions of the 
specialists interviewed for this study because their views will naturally be influenced 
by the context they work in. 

According to existing literature, industry readiness can be assessed based on a 
country's Industry 4.0 infrastructure and big data maturity (Castelo-Branco et al., 
2019). Here, Industry 4.0 infrastructure refers to a digital infrastructure that 
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combines communication, information, and connectivity technologies to enable the 
development and adoption of Industry 4.0 (Castelo-Branco et al., 2019; Bharadwaj 
et al., 2013). The second dimension, big data maturity, refers to "the ability to 
process the information generated by the Industry 4.0 infrastructure (information 
transparency)" (Castelo-Branco et al., 2019, p. 27). In turn, high levels of Industry 
4.0 infrastructure and big data maturity should indicate a high degree of readiness 
to adopt Industry 4.0 technologies. 

Castelo-Branco et al.'s (2019) factor analysis reveal Finland and The Netherlands as 
the two countries with a substantial positive deviation from the average in terms of 
Industry 4.0 infrastructure and big data maturity, as seen in figure 3. This means 
that within the European Union, Finland and The Netherlands are identified as the 
"leaders" in Industry 4.0 adoption readiness, indicating a strong predisposition to 
adopt solutions of a higher level of digitization; a necessary condition for the 
development of Industry 4.0 (Castelo-Branco et al., 2019).  

Figure 3 Industry 4.0 Readiness 

 

Note. Industry 4.0 readiness measured based on the dimension of Industry 4.0 infrastructure and big 
data maturity. Castelo-Branco et al. (2019). 
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While these results do not indicate the existence of Industry 4.0 within Finland, they 
do suggest Industry 4.0 adoption to be a reality for the Finnish manufacturing 
industry (Castelo-Branco et al., 2019). In turn, this study assumes Industry 4.0 and 
its opportunities and barriers for sustainable manufacturing to be of relevant topics 
for the manufacturing specialists being interviewed for this study and shows support 
for the significance of this research. Furthermore, the leaders' perceptions of 
Industry 4.0 readiness and sustainable manufacturing can be examined through 
specialist interviews conducted in this study. 

So far, the current landscape of the Finnish manufacturing industry has been 
reviewed in terms of sustainability and Industry 4.0 readiness. This chapter's next 
and closing section will present existing literature related to the opportunities and 
barriers surrounding Industry 4.0 and its links to sustainable manufacturing. 

2.4 Industry 4.0 for Sustainable Manufacturing 

To understand the perceptions of the manufacturing specialists interviewed for this 
study, it is important to first understand what is already known about the 
relationship between Industry 4.0 and sustainable manufacturing. As we will come 
to find, Industry 4.0 presents a multitude of opportunities for sustainable 
manufacturing. These will be presented in the next section, followed by a discussion 
surrounding the barriers and critique of Industry 4.0 adoption for sustainable 
manufacturing. In sum, this section aims to understand what is already known about 
Industry 4.0 and its potential connections to sustainability, and the possible barriers 
hindering adoption. As a result, this section builds the theoretical foundation needed 
to explore the second research question of this study. 

2.4.1 Opportunities of Industry 4.0 Adoption for Sustainable Manufacturing 

Stock and Seliger (2016) organize Industry 4.0 opportunities for sustainable 
manufacturing under seven categories: business models, value creation networks, 
equipment, humans, organization, process, and product. The first two categories 
encompass macro-opportunities, i.e., visible across value chains, whereas the other 
five include micro-opportunities, i.e., visible at the factory level. This categorization 
will be used in this study to understand the current trends and developments related 
to Industry 4.0 opportunities for sustainable manufacturing (Stock & Seliger, 2016; 
Bocken et al., 2014; Schaltegger & Wagner, 2011; Chertow, 2007; Spath et al., 2013; 



 

 

20 

Kagermann et al., 2015; Engeser & Vollmeyer, 2005; Swat et al., 2014; Uhlmann et 
al., 2014).  

2.4.1.1 Macro-Level Opportunities 

First, Industry 4.0 presents opportunities for developing new sustainable business 
models that can reduce negative environmental impacts and solve sustainability 
problems in the industry (Bocken et al., 2019; Schaltegger & Wagner, 2011). These 
new business models are created through various supply chain optimization 
methods. Still, they essentially aim to make better use of resources, in turn leading to 
efficiency and the ability to recycle materials back into the supply chain (Cornelis de 
Man & Strandhagen, 2017). For example, Industry 4.0 additive manufacturing 
technology transforms existing business models by optimizing material 
consumption, shortening production times, and customized designs (Neves et al., 
2020).  

The second category, value creation networks, refers to the opportunities Industry 
4.0 offers in closed-loop product life cycles and industrial symbiosis (Stock & Seliger, 
2016). Closed-loop product life cycles are characterized by optimizing production 
processes, reusing products, and recycling waste, contributing toward more efficient 
use of resources, reducing waste, and creating new green markets (Vanchukhina et 
al., 2019). In Industry 4.0, closed-loop manufacturing can be enabled by various 
technologies in many ways. For example, logistics optimization and additive 
manufacturing contribute to closed-loop outcomes (Surajit et al., 2018; Nascimento 
et al., 2018). 

On the other hand, industrial symbiosis refers to the cross-company cooperation 
between different factories. Industry 4.0 manufacturing creates competitive 
advantages by exchanging data, materials, and energy and again works toward 
optimizing resources (Chertow, 2007; Scafa et al., 2020), enabled by real-time 
information transparency capabilities (Culot et al., 2020). 

2.4.1.2 Micro-Level Opportunities 

The third category, equipment, discusses the opportunities Industry 4.0 offers in 
terms of retrofitting (Stock & Seliger, 2016). Retrofitting refers to the upgrade and 
modernization of existing industrial equipment and offers the fastest cost-efficient 
way to shift from Industry 3.0 to 4.0 (Lins et al., 2018). Instead of investing in all new 
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technologies, retrofitting can integrate existing equipment with sensor and actuator 
systems, transforming them into cyber-physical systems and improving 
manufacturing processes (Spath, 2013; Lins et al., 2018). The retrofitting results are 
measurable through productivity gains, enabled by the increased connectivity and 
use of captured data (Lins et al., 2018).  

The fourth category, humans, refers to the changes in the Industry 4.0 workforce 
(Stock & Seliger, 2016). In many ways, the opportunities in this category can be 
considered double-edged swords. On the one hand, literature argues that Industry 
4.0 puts the jobs of current industry workers at risk due to high levels of automation 
replacing humans with robots and machines (Frey & Osborne, 2017). In fact, a recent 
survey conducted by the World Economic Forum (WEF) predicted that if Industry 
4.0 were to be adopted in its entirety globally, there would be a loss of over 5 million 
jobs (WEF, 2016).  

On the other hand, literature also argues that because the emergence of new 
technology tends to replace human labor (Shava & Hofisi, 2017), this outcome is 
inevitable and a natural outcome of industrial development. From this perspective, 
humans are still "the organizers of value creation in Industry 4.0" (Stock & Seliger, 
2016, p. 540). The remaining jobs will require more knowledge, less hard labor, and 
collaboration between humans and robots (Kargermann, 2013). In sum, this changes 
the nature of the work and creates flexible work environments where workers are 
more involved in decentralized decision-making (Kagermann, 2013; Stock & Seliger, 
2016).  

The fifth and sixth categories, organization, and process focus on the sustainability 
gains Industry 4.0 can bring through the development of smart factories. Here, the 
efficient allocation of energy, water, products, and materials results in "holistic 
resource efficiency" and is one of the main advantages of Industry 4.0 (Kagermann, 
2013). Holistic efficiency can be enabled by improved manufacturing processes or 
new technologies (Stock & Seliger, 2016), but generally relate to the holistic 
optimization Industry 4.0 cyber-physical systems bring (Almada-Lobo, 2015).  

Finally, the last category, product, focuses on sustainable design, which results in 
more resource-efficient manufacturing processes that enable the reuse and 
remanufacturing of products (Stock & Seliger, 2016). The Industry 4.0 smart product 
is also related to this. It characterizes the ability of products and machines to 
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communicate with each other through sensors and actuators, which enables 
collaborative industrial processes (Liu & Xu, 2017). As a whole, this kind of IoT 
enables the creation of new products and services and is considered a critical 
component of Industry 4.0 production (Roblek et al., 2016; Kamble et al., 2018).  

2.4.2 Barriers of Industry 4.0 Adoption for Sustainable Manufacturing 

Current literature predominantly focuses on the positive impact of Industry 4.0 on 
sustainable manufacturing (Bonilla et al., 2018). However, to provide a structured 
and holistic overview of the implications of Industry 4.0 on sustainability, it is 
important to also review 1) the barriers in the way of achieving these positive 
outcomes as well as 2) the possible secondary negative impacts of Industry 4.0 on 
sustainability. To do so, the last section of this literature reviews the various barriers 
currently hindering the shift from Industry 3.0 to 4.0. and sheds light on the critique 
of Industry 4.0's ability to contribute positively toward sustainable manufacturing. 

2.4.2.1 Barriers and Risks 

Kiel et al. (2017) identify five of the most prominent barriers in the way of Industry 
4.0 adoption for sustainable manufacturing, namely integration, cooperation, 
increased competition, organizational transformation, and data security. 

The first category, integration, refers to difficulties in manufacturing facilities' 
technical transformation and modernization (Kiel et al., 2017). Here, challenges have 
to do with the structuring and sharing of data across networks (Kiel et al., 2017) as 
well as R&D challenges in incorporating Industry 4.0 technologies with existing 
equipment (Monostori, 2014). Regarding integration, Müller et al. (2017; 2018) also 
highlight the complexity of Industry 4.0 adoption and point out that capabilities can 
vary based on company size and type of production. These factors are, of course, 
related to the number of financial resources available, considering that Industry 4.0 
integration is often costly and complex (Sarkis & Zhu, 2017).  

The second category, cooperation, touches upon difficulties in creating transparency 
and connections throughout entire value chains (Kiel et al., 2017). Industry 4.0 is 
built around the basis of open data sharing across value chain networks and 
standardized interfaces (Kiel et al., 2017; Mavropolous & Nilsen, 2020). Therefore, 
in this category, barriers have to do with the required level of openness and trust 
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between different companies and players in the supply chain and finding compatible 
technologies (Kiel et al., 2017).  

The next barrier, competition, presents another challenge, especially for small and 
medium-sized enterprises (Kiel et al., 2017). On the one hand, Industry 4.0 
introduces new business models and ways to manufacture more efficiently and 
flexibly in increasingly volatile markets (Arnold et al. 2016; Stock & Seliger, 2016). 
But, on the other hand, this presents a challenge for smaller and less resourceful 
manufacturers because now more than ever, they are required to find ways to 
compete with larger, more advanced enterprises (Müller et al., 2018; Kiel et al., 
2017). 

Fourth, organizational transformation, refers to the change needed in work 
environments and structures to integrate Industry 4.0 technologies and processes 
(Kiel et al., 2017). Here, communicating the relevance and benefits of Industry 4.0 to 
all levels of a business present a challenge. Current literature highlights concerns of 
job loss, employee resistance, lack of competence, and lack of skilled labor as key 
barriers to Industry 4.0 adoption for sustainable manufacturing (Kiel et al., 2017; 
Stock & Seliger, 2016; Müller, 2019).  

Finally, data security, concerns are a reoccurring theme in current literature and are 
often discussed as the negative side effect of increased Industry 4.0 data transparency 
(Müller, 2019; Kiel et al., 2017). The idea here is that while Industry 4.0 presents an 
opportunity for more open connection and communication across value chains, this 
also exposes industries to risks of falling victim to cybercrimes (Müller, 2019). 

2.4.2.2 Negative Rebound Effects 

In addition to the barriers discussed above, existing literature also concerns the 
negative secondary or rebound effects of Industry 4.0 toward sustainability. In 
general, the idea behind these effects is that the efficiency gains brought by Industry 
4.0 can significantly increase overall energy consumption, creating an additional 
burden to the environment (Wang et al., 2016; Mavroupolos & Nilsen, 2020). For 
example, due to their complexity, Industry 4.0 production systems require large data 
centers to process and monitor data, which is expected to increase energy 
consumption (Waibel et al., 2017; Stock et al., 2018). Moreover, through increased 
Industry 4.0 automation and digitalization capabilities, the flow and quantity of 
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materials used in production are expected to grow, and the risk of potential 
equipment obsolescence increases (Bonilla, 2019; Waibel et al., 2017).  

Therefore, it is important to remember that the adoption of Industry 4.0 technologies 
alone will not create more sustainable manufacturing practices – the innovations are 
merely a means to an end. Nevertheless, industry 4.0 can present numerous 
opportunities toward sustainable manufacturing, but this can only be done by setting 
appropriate limitations and constraints to production (Mavroupolos & Nilsen, 
2020).  

2.5 Conclusions From the Literature Review 

This literature review began by reviewing each of the three Industrial Revolutions up 
until Industry 4.0. As technology developed and manufacturing efficiency increased 
throughout the decades, as did the concern for environmental sustainability. Now, as 
the world shifts from Industry 3.0 to Industry 4.0, Western society holds more 
technological capabilities than ever before, and concern for the environment is 
recognized globally (Mavropolous & Nilsen, 2020). 

Then Industry 4.0 was introduced as the emergence of smart manufacturing. The 
main distinguishing characteristics of Industry 4.0 manufacturing and technology 
were presented to give an overall understanding of the concept. Here, characteristics 
such as process integration, real-time information transparency, virtual 
representation of the real world, and autonomy were discussed, and a list of key 
technologies was introduced briefly. To summarize, the key technical differences 
between each of the four Industrial Revolutions were presented. Through this 
analysis the link between Industry 4.0 and sustainability was ready to be established. 

Sustainability and sustainable manufacturing were introduced with the help of 
Elkington's (1998) TBL framework. Here manufacturing was discussed in terms of 
its impact on environmental, social, and economic sustainability. This was done to 
give an understanding of what constitutes sustainable manufacturing in general. 
Here, concepts such as waste management, energy, resource efficiency, and 
employee well-being were discussed, along with their ties to economic sustainability. 
This acted as the preface for later sections in understanding what sustainable 
manufacturing is in general and how Industry 4.0 can elevate these processes. 
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Next, the current state of sustainable manufacturing and Industry 4.0 readiness in 
Finland was discussed. This section brought to light the relevance of sustainable 
manufacturing practices in Finland and the industry's achievements toward 
achieving sustainability thus far. Here, the need to shift to Industry 4.0 to tackle the 
remaining sustainability challenges was emphasized. Regarding Industry 4.0 
readiness in the manufacturing industry, Finland is seen to have the necessary 
prerequisites for Industry 4.0 adoption, namely high levels of big data maturity and 
Industry 4.0 architecture. In sum, sustainability and Industry 4.0. adoption was 
identified as highly relevant to the Finnish manufacturing industry, which supports 
the significance of this study.  

Finally, based on the literature review thus far, the opportunities and barriers of 
Industry 4.0 could be reviewed. Here we saw that while Industry 4.0 presented many 
opportunities toward achieving sustainable manufacturing, adoption was still met 
with its barriers and risks.  

This emphasized that while the adoption of Industry 4.0 technologies can help 
achieve more sustainable manufacturing opportunities, these outcomes are not a 
given. Industry 4.0 is not an end in itself. In other words, to achieve sustainability 
with Industry 4.0, the people behind the manufacturing processes must want to do 
so. Industry 4.0 is not inherently sustainable, and as we saw through reviewing each 
of the four Industrial Revolutions, technological advancements often have negative 
rebound effects. The literature review findings highlight the importance of this study 
and build the needed preface for the research. To achieve sustainable manufacturing 
with Industry 4.0 in Finland, the perspectives surrounding the relevance and reality 
of these topics must be understood. This brings us to the next chapter of this study, 
the methodology.  
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3 METHODOLOGY 

The following chapter will present the methods used to conduct this study. First, the 
research design and approach of this study are discussed concerning the two research 
questions. After that, the methods used to collect data are explained. Here the sample 
used for this study will also be introduced, and finally, the approach to data analysis 
is presented.  

3.1 Research Design 

This research aims to gain insight from Finnish manufacturing specialists on their 
perceptions surrounding the relevance, opportunities, and barriers of Industry 4.0 
for sustainable manufacturing. As previously mentioned, Industry 4.0 as a 
phenomenon is only at its early stages and is continuously developing at enormous 
speeds (Drath, 2014). Because of this, the outcomes of Industry 4.0 towards 
sustainability are indefinite (Drath, 2014), and adoption will be impacted by the 
current perceptions of people that will adopt these technologies and processes, i.e., 
are working in the field of manufacturing (Kamble et al., 2018). Therefore, the 
research design of this study should support gaining a deeper understanding of the 
perceptions around sustainable manufacturing, Industry 4.0, and the relationship 
between the two. 

For this reason, research in the form of a qualitative cross-sectional study based on 
semi-structured interviews was conducted. Bryman (2015) explains that a cross-
sectional research design is the collection of data on a sample of cases at a single point 
in time, with the aim of examining the relationship between the topics of interest. As 
such, this study aims to understand the current associations between Industry 4.0 
and sustainable manufacturing from a sample of Finnish manufacturing specialists. 
Here, it is important to emphasize that the purpose of this research is not to establish 
any kind of causality but instead to detect patterns of association, which is an aim 
supported by cross-sectional research (Bryman, 2015).  

3.2 Research Approach 

This research aims to study how sustainable manufacturing and Industry 4.0 are 
perceived by Finnish manufacturing specialists to create a framework of the different 
potential factors impacting Industry 4.0 adoption for sustainable manufacturing. 
Furthermore, the results of this study aim to provide insight into the current industry 
associations between Industry 4.0 and sustainable manufacturing.  
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As such, this study applied an inductive research approach by first having collected 
data to explore industry perceptions around Industry 4.0 and sustainable 
manufacturing in the form of interviews. After that, the interviews were analyzed. 
Finally, a conceptual framework encompassing the main themes around Industry 4.0 
and sustainable manufacturing for the specific sample was formed based on the 
findings. An inductive research approach is most often used in qualitative research 
and helps narrow the scope of research, often broadened by the absence of hypothesis 
testing (Gabriel, 2013).  

This research is explanatory by nature: an inductive approach is applied to explore 
phenomena, identify themes, and formulate theory (Saunders et al., 2016). The aim 
is to determine how eight Finnish manufacturing specialists currently perceive 
sustainable manufacturing and Industry 4.0, consequently, the perceived 
relationship between the two. Explanatory research is done to identify relationships 
between variables and is often conducted through interviews (Saunders et al., 2016), 
as well as taking an iterative approach of going back and forth between existing 
literature and data (Bryman & Bell, 2015). Therefore, this research is designed so that 
it is possible to gather data on the perceptions around Industry 4.0 and sustainable 
manufacturing and then explore how these two concepts relate to each other. 

3.3 Data Collection 

Specific data collection methods were applied to support this study. The following 
sections will first discuss the sampling techniques applied and the methods used to 
collect data, namely, semi-structured interviews. 

3.3.1 Sampling Techniques 

Purposeful sampling strategies in the form of criterion sampling and snowball 
sampling were applied to meet the aims of this research. These are non-probability 
sampling techniques in which sample cases are chosen based on either 1) having 
certain criteria or 2) being recommended as knowledgeable respondents by 
informants in the field of interest (Patton, 2002).  

In this study, seven out of eight manufacturing specialists were chosen based on 
having current insight about manufacturing in the Finnish manufacturing industry 
and being knowledgeable around the topics of sustainable manufacturing and 
Industry 4.0. The selection was made based on the researcher's judgment and that of 
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a mentor working closely with manufacturing specialists in the Finnish 
manufacturing industry. This type of selection based on judgment is common in 
criterion sampling (Saunders et al., 2016). The criteria selected included being 
currently employed by a Finnish manufacturing company. More specifically, being 
employed in a job position that requires knowledge around the topics of 
manufacturing, current industry trends, and manufacturing technologies, i.e., 
(CEOs, Supply Chain Managers, Board Members, Production Directors, Plant 
Managers, and General Managers). 

In one instance, the potential specialist who was originally contacted to participate 
in the study recommended the selection of another employee whom they thought was 
better suited to answer questions around the topic of the research. In this case, the 
referred employee was selected, meaning that a snowball sampling technique was 
applied. According to Patton (2002), this is a technique in which key informants 
recommend other "information-rich cases" in the field to participate in research (p. 
69). This technique was particularly useful because this research required tapping 
into expert wisdom (Patton, 2002). Demographics of the sample will be presented in 
the Findings and Analysis section of this chapter. 

3.3.2 Interviews 

Qualitative data collection was conducted using individual semi-structured 
interviews. Semi-structured interviews are typically conducted with the help of an 
interview guide that includes a set of questions used to help guide and structure the 
interview. These questions or themes are broad and leave room for follow-up 
questions and further discussion (Bryman, 2015).  

The reasons behind choosing semi-structured interviewing for this study are three-
fold. First, given that this study aims to explore perceptions of sustainable 
manufacturing and Industry 4.0, it was important to choose a data collection method 
that captured the specialists' perceptions in a more in-depth way than, for example, 
quantitative surveying. Semi-structured interviews served this purpose well because 
of their use of open-ended questions. Open-ended questions explain how specialists 
perceive certain phenomena (Patton, 2002), in this case, sustainable manufacturing 
and Industry 4.0.  

Second, because of how multifaceted the topics of sustainable manufacturing and 
particularly Industry 4.0 are, it was important to choose a means of inquiry that 
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allowed for additional follow-up questions and gave room for the specialists to talk 
more in-depth about topics they felt were important. As previously stated, there is no 
one definition or understanding of Industry 4.0: the phenomenon is at its stages of 
development, and the trends and technologies shaping The Fourth Industrial 
Revolution are developing continuously (Drath, 2014). In line with this, semi-
structured interviewing allowed the researcher to leave room for unexpected 
discussion around certain themes and technologies that might not have otherwise 
been covered in the study. As such, the study did not confine the specialists into 
thinking of Industry 4.0 as one specific set of technologies or ideologies but instead 
encouraged them to explain how they perceived the phenomenon and its ties to 
sustainability. This kind of interview design offers flexibility and spontaneity (Patton, 
2002). 

Finally, it was important to select data collection methods that supported the 
iterative approach taken in this study. Semi-structured interviews allow for this 
because they leave room for the researcher to include interesting themes that emerge 
during the interviews that may have otherwise been overlooked (Bryman, 2015). For 
example, in one of the early interviews, one specialist emphasized the importance of 
a theme that was not originally included in the literature review or interview guide. 
The semi-structured format allowed the topic to be elaborated on during the 
interview, and the new theme was eventually added to the literature review.  

3.3.2.1 Interview Guide 

The interview guide used in all eight interviews is attached as Appendix 1. From here, 
the overall themes and topics discussed in the interview can be reviewed: 
perspectives around sustainable manufacturing; benefits and challenges of 
sustainable manufacturing; understanding the concept of Industry 4.0; 
opportunities and barriers of Industry 4.0 for sustainable manufacturing. Given the 
semi-structured approach to interviewing, follow-up questions and probes differed 
based on the specialists' responses, own areas of interest, the field of work, and 
knowledge about the topics. 

The interview guide was reviewed with three mentors working in the field of 
manufacturing to make sure that the interview questions were congruent with the 
aims of this study. This review enhanced the reliability of the interview guide as a 
research instrument (Castillo-Montoya, 2016). In addition, feedback from these 
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mentors provided valuable information about how well the specialists would 
understand the questions and whether their understanding would align with the 
study's intent (Patton, 2002). As a result, some questions were rephrased to maintain 
the focus of the study, i.e., understanding the perceptions around Industry 4.0 for 
sustainable manufacturing.  

Questions were phrased as either opinion and value questions or knowledge 
questions to uncover the specialists' perceptions around Industry 4.0 and sustainable 
manufacturing. According to Patton (2002), opinion and value questions are 
designed to uncover what a respondent thinks about a certain issue, e.g., "In what 
ways do you think sustainable manufacturing is visible in your company?". In 
contrast, knowledge questions seek to inquire about what facts the respondent 
understands (Patton, 2002), i.e., "How would you describe Industry 4.0 as a trend in 
the manufacturing industry?". Specialists were encouraged to answer based on their 
understanding, opinions, and experiences and were frequently reminded that their 
own, individual perceptions were of interest. Then, demographic questions about the 
specialists and their employer company were asked. Finally, each specialist was 
allowed to elaborate on any questions or topics of discussion. 

3.3.2.2 Interview Process 

In total, twelve potential specialists from twelve different Finnish manufacturing 
companies were contacted via email and asked to participate in this study. Of these 
twelve, eight agreed to participate. All interviews were conducted virtually over 
Microsoft Teams during May and June of 2021. Interviews were audio-recorded with 
the consent of the specialists.  

At the start of each interview, specialists were read a script explaining the purpose of 
the research and the themes that would be covered. Specialists were also ensured that 
their responses would be handled in confidentiality and that no identifying 
characteristics about them or their employer company would be published. The 
specialists were promised a summary of the results of this study in exchange for 
participation. This summary was presented as a means to reflect on their answers to 
the research questions and compare their perspectives with those of other specialists 
working in the Finnish manufacturing industry. 
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3.4 Data Analysis 

In total, eight interviews were conducted with specialists working in the Finnish 
manufacturing industry. Interviews lasted between 45 and 60 minutes, resulting in 
about 60 pages of data, transcribed verbatim. After transcribing, the researcher 
disassociated the names of specialists from their responses. This was done to protect 
the anonymity of the individuals and their employer companies (Creswell, 2014). 
Pseudonyms were created and used throughout the transcripts. For example, S1 
referred to the first specialist, S2 to the second, and so forth. The same applied to the 
employer company names, labeled C1, C2, and so forth. 

A thematic approach to analysis is applied to successfully organize and describe the 
various themes found within the data. Thematic analysis is used when the research 
aims to identify and analyze differences and similarities in perspectives and highlight 
new insights around phenomena (Braun & Clarke, 2006). In this case, the 
phenomena are sustainable manufacturing and Industry 4.0. As such, thematic 
analysis is performed to support the end goal of this study: producing a cohesive and 
well-structured framework around the opportunities and barriers of Industry 4.0 for 
sustainable manufacturing based on the various perspectives of Finnish 
manufacturing specialists currently working in the industry. 

The analysis of the transcripts was done in six phases according to the literature 
presented by Nowell et al. (2017). These six phases were followed to ensure a 
systematic and transparent approach to conducting the analysis and presenting the 
findings (Nowell et al., 2017). The phases will be reviewed in the following section. 

3.4.1 Thematic analysis 

Conducting a thematic analysis presents various advantages for this study. First, 
considering the 60 pages of transcribed interview transcripts collected in this study, 
it was important to select a method of analysis that was well equipped for handling 
substantial amounts of data. Thus, the thematic analysis provides a highly flexible 
yet well-structured approach to analysis and helps provide a rich and detailed 
account of complex data accounts (Braun & Clarke, 2006; King, 2004). Second, 
because this study aims to explore the perspectives of eight Finnish manufacturing 
industry specialists, the findings aim to capture and report a variety of themes found 
within the data (Braun & Clarke, 2006). For this reason, in particular, thematic 
analysis is appropriate because it examines the perspectives of different specialists, 
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creating summaries of key insights (Braun & Clarke, 2006; King, 2004). Finally, 
because this study constitutes a master's thesis research, it was important to choose 
a method of analysis suitable for a researcher early on in their career. As such, 
thematic analysis is considered quick to learn and helps produce clear and organized 
findings even when the researcher is inexperienced (Braun & Clarke, 2006; King, 
2004).  

While there are many advantages to using thematic analysis, if done improperly, the 
methods can lead to inconsistency and lack of coherence within the data set 
(Holloway & Todres, 2003). For this reason, it is important to follow a transparent 
and clear procedure of analysis, thereby ensuring the trustworthiness of the data. 
Therefore, analysis was conducted in the six phases of the thematic analysis 
presented by Nowell et al. (2017). These six phases will now be reviewed in detail and 
are summarized in Figure 2. 

Phase one was initiated only after all eight interviews were transcribed. This ensured 
that the full data set could be read at least once from start to finish before starting the 
coding process, as Braun and Clarke (2006) recommend. Therefore, the first phase 
entailed reading and re-reading the data to document potential themes within the 
data. Here, initial differences and similarities between the interviews were written 
down to identify patterns within the data (Braun & Clarke, 2006). These notes were 
then referred to during the coding process in Phase two.  

Phase two began after reading the complete set of transcripts twice. After this, the 
researcher had familiarized themselves with the data and had some initial ideas 
about possible key themes. Based on these initial thoughts, the coding process was 
started. For this, literature by Braun and Clarke (2006) and Chandra and Shang 
(2019) was used to apply a hierarchical approach to coding. As a start, first-order 
codes were created and coded manually using colors and labels. According to Braun 
and Clarke (2006), first-order codes are descriptive because they stay close to the 
content of the specialists' responses and do not attempt to go beyond the specialists' 
own words in terms of interpretation. Examples of first-order codes from this study 
are "Industry solves labor shortages" and "Industry 4.0 enables flexible work 
environments and improves employee well-being." 
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Figure 4 Establishing Trustworthiness During Each Phase of Thematic Analysis 

 

Note. Each of the six phases of the thematic analysis was followed sequentially. Adapted from Thematic 
Analysis: Striving to Meet the Trustworthiness Criteria (p. 4), by Nowell et al. (2017).  

After that, in Phase three, connections between first-order codes are drawn to create 
second-order codes, or themes, which interpret the content of the responses further 
and act as umbrella themes for one or more first-order codes. These begin to 
highlight some kind of "patterned response" within the data set (Braun and Clarke, 
2006, p. 82). An example of a second-order code from this study is "Changes in the 
nature of work," which includes the two first-order codes mentioned previously. 
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In Phase four, second-order themes are reviewed and made sure to be of value in 
answering the two research questions of this study. Here, first-order codes and 
second-order themes that depart from the dominant themes in the analysis are 
uncoded and left out from analysis, as instructed by Braun and Clarke, 2006). Other 
codes are also recoded and combined to produce themes that meaningfully capture 
the entire data set (Braun & Clarke, 2006). Research triangulation was also applied 
to confirm the significance of the different themes for the study. Here, findings from 
the various sources in the literature review were compared to the second-order 
themes generated based on the data. This type of triangulation created greater 
confidence in the findings and their implications for the manufacturing industry 
(Bryman & Bell, 2015). 

In Phases five and six, third-order aggregate theoretical dimensions or categories are 
created based on all the second-order themes. These third-order themes can be 
considered major themes, including and categorizing second-order subthemes 
(Braun & Clarke, 2006). For example, the second-order subtheme of "changes in the 
nature of work" is listed under the third-order aggregate theme of "opportunities 
Industry 4.0 offers towards sustainable manufacturing." 

In phases five and six of the process, the final concepts from the data are positioned 
based on moving back and forth between the first-order codes, second-order themes, 
aggregate dimensions, and underlying assumptions from the literature. Themes were 
also listed in order based on the flow of the interviews, first focusing on sustainable 
manufacturing in its current state and then progressively moving on to 
understanding the perspectives of Industry 4.0 for sustainable manufacturing. This 
made it easier to approach and elaborate on the findings of the analysis, which will 
be reviewed in the following chapter. 
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4 FINDINGS & ANALYSIS 

This study focused on how Finnish manufacturing specialists perceive the current 
state of manufacturing in Finland and the opportunities and barriers for achieving 
sustainable manufacturing through Industry 4.0. This chapter will present the 
findings and analysis of the data collected from the interviews while also making 
connections to the literature reviewed.  

First, background information on the specialists of this study and their employer 
companies will be presented. Then, the overall patterns and themes identified 
through the thematic analysis will be introduced. Finally, based on these themes, the 
research questions of this study will be answered with the help of a proposed 
framework around the opportunities and barriers of Industry 4.0 and sustainable 
manufacturing.  

4.1 Data Sample 

In total, eight interviews were conducted with specialists working in the Finnish 
manufacturing industry, ranging from CEOs, Supply Chain Managers, Board 
Members, Production Directors, Plant Managers, and General Managers. Employer 
companies include independent manufacturers and contract manufacturers 
operating in or for the following industries: paper, pulp, metal, energy, mining, 
agricultural, materials technology, machine building, health technology, part and 
components manufacturing, engine, firearms, and ammunition. 

The final selected data sample can be viewed from Tables 2 and 3. To ensure the 
anonymity of the specialists, the background information of the individuals and the 
companies they work for are presented in separate tables. This is done to prevent 
being able to put together the identity of the specialist based on the field of the 
company they are employed by. In Table 2, specialists are presented in the order that 
they were interviewed, whereas in Table 3, employer companies are organized by 
business type, i.e., independent manufacturer or contract manufacturer. 

Table 2 presents the gender, job position, duration of their interview, years of 
experience working in their current employer company, and years of experience in 
the field of manufacturing of the specialists. All specialists are male and have at least 
15 years (µ = 21,5 years) of experience working in the field of manufacturing, with 
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many having worked in numerous manufacturing-related positions throughout their 
careers. 

Table 2 Demographics of Data Sample 

Specialist Gender 
Current Job 
Position Education 

Years 
working at 
current 
employer 
company 

Years of 
experience 
in the field 

Duration of 
the interview 
(minutes) 

S1 Male CEO M.Sc. 
Engineering 10 20+ 46 

S2 Male 
Supply 
Chain 
Manager 

M.Sc. 
Engineering 20 20+ 55 

S3 Male Board 
Member 

B.Sc. 
Engineering 40 40+ 47 

S4 Male Board 
Member Machinist 20 20+ 48 

S5 Male Production 
Director 

M.Sc. 
Engineering 15 15+ 47 

S6 Male CEO Machinist 13 15+ 52 

S7 Male Plant 
Manager 

M.Sc. 
Engineering 7 20+ 45 

S8 Male General 
Manager 

M.Sc. 
Technology 15 20+ 46 

Note. The demographics of the interview specialists. Specialists are listed in the order of the when the 
interview was conducted, from first to last. 

Subsequently, Table 3 displays the information of the companies that employ each of 
the specialists. All eight specialists are employed by a different company operating in 
the Finnish manufacturing industry. These companies are categorized based on 
business type, company turnover, number of employees, and the industry in which 
they operate. As seen in Table 3, half of the employer companies are independent 
manufacturers, meaning they manufacture and own the finished product. The other 
half are contract manufacturers, meaning they manufacture parts or components on 
contract for companies operating in various industries.  
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The main difference between the two types of businesses is that independent 
manufacturers develop, design, and manufacture their own products. In contrast, 
contract manufacturers are hired to manufacture other companies’ designs 
(Lehtinen, 2001 as cited by Lehtinen & Torkko, 2005). Given these differences in how 
independent and contract manufacturers operate, both companies were selected for 
analysis. This allows for a better understanding of how these differences in 
manufacturing operations can influence perspectives. 

Table 3 Company Background Information of Data Sample 

Business type Annual Turnover 
Number of 
employees Industry 

Independent Manufacturer 1-10 M€ 50-250 Monitoring technology 

Independent Manufacturer 10-100 M€ >250 Firearms and ammunition 

Independent Manufacturer 500 M€ - 1 billion € >250 Metal cutting, Mining, 
Materials Technology 

Independent Manufacturer 1-5 billion € >250 Aerospace & Automotive 
technology 

Contract Manufacturer 1-10 M€ <50 Components 

Contract Manufacturer 1-10 M€ 50-250 Components 

Contract Manufacturer 1-10 M€ 50-250 Gears and Transmissions  

Contract Manufacturer 1-10 M€ 50-250 Components 

Note. Employer company information of all specialists. Companies in this table are categorized into 
based on business type, and then ordered from smallest to largest based on annual turnover and number 
of employees. Industries are specified vaguely to prevent the identification of the companies. 

Similarly, variation in company size, turnover, and industry was selected to better 
understand whether the size and turnover of a company can influence perspectives 
around sustainable manufacturing and Industry 4.0. The average company is an 
SME, employing between 50 and 250 employees, and the average company turnover 
is between 1 to 1o million euros. 

4.2 Patterns and Themes 

Following the previously presented process of thematic analysis (Braun & Clarke, 
2006), common patterns were identified from the interview transcripts. This was 
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done to make sense of the data collected and to answer the two research questions of 
this study. Figure 5 presents the three levels of coding conducted in this analysis and 
ties together common themes extracted from the data to visualize this information. 
This figure will now be presented, followed by an in-depth analysis of the themes 
concerning the research questions. 

As seen in Figure 5, a total of 26 first-order codes were included in the analysis. These 
were then categorized under eight second-order themes to create a framework 
around the key perceptions on sustainable manufacturing and Industry 4.0. The first 
two second-order themes, benefits of sustainable manufacturing and challenges of 
sustainable manufacturing, include key findings within the context of sustainable 
manufacturing in and of itself. These two themes answer the first research question 
and build a preface for answering research question two. The first two themes delve 
into the current climate of sustainable manufacturing in Finland from the perception 
of the specialists interviewed (RQ1). In turn, these insights build the foundation for 
understanding the perceptions surrounding the shift to Industry 4.0 (RQ2). This kind 
of structure made it easier for specialists to compare the current and potential state 
of sustainable manufacturing and supported the creation of a clear and cohesive 
thematic framework 

Figure 5 Themes From the Analysis 

 
Note: This figure showcases the final themes of this analysis. As such, this acts as a framework of 
perceptions around 1) the current state of sustainable manufacturing and 2) the opportunities and barriers 
to adopting Industry 4.0 for sustainable manufacturing. 
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The following six second-order themes aim to directly answer the second research 
question of this study, i.e., what are the perceived opportunities and barriers to 
sustainable manufacturing with Industry 4.0. First, the opportunities are presented 
under the subthemes sustainable process development, changes in the nature of the 
work, and outcomes across the value chain network. These three themes highlight 
the key perceptions around the potential positive outcomes of Industry 4.0 on 
sustainable manufacturing. Subsequently, the barriers are presented under the 
themes lack of resources, integration difficulties, and lack of knowledge. These 
display the perceived barriers in adopting Industry 4.0 to achieve these positive 
outcomes. 

The following section will analyze and discuss the themes presented in Figure 5 in 
detail by interpreting and analyzing quotes from the interviews. As the interviews 
were conducted in Finnish, all quotes have been translated into English by the 
researcher. First, the current state of sustainable manufacturing will be discussed by 
presenting the specialists' understanding of sustainability itself, followed by the 
perceived benefits and challenges of sustainable manufacturing in the Finnish 
industry. Then, perceptions surrounding Industry 4.0 and its connections to 
sustainable manufacturing will be discussed in light of the remaining six sub-themes. 

4.2.1 Perceptions Around Sustainable Manufacturing in Finland 

The interviews started by asking the specialists about how sustainable manufacturing 
is currently visible within the Finnish manufacturing industry. This aimed to 
understand the current perceptions surrounding sustainable manufacturing in 
Finland, i.e., the first research question of this thesis: How do eight Finnish senior 
manufacturing specialists perceive and describe the current state of sustainable 
manufacturing in Finland? 

While three out of the eight specialists admitted to not having any sustainability 
strategy in place at their employer company, all specialists could still pinpoint 
sustainable manufacturing processes. Regarding these sustainable manufacturing 
practices, responses focused on the environmental dimension of TBL sustainability 
(Elkington, 1998). Here specialists discussed the recycling of different materials, 
waste management and reduction, and energy and resource efficiency, which are all 
indicators of sustainable manufacturing according to Gimenez et al. (2012). 
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”We’ve recycled everything since the late 1970s. We recycle all our raw materials. We sort and 
recycle everything. That’s nothing new. We’ve had this since the beginning. Well, maybe we haven’t 
always recycled biodegradables, but we have that now too. All different raw materials, emulsions… 
Everything.” (S4) 

”Sustainability is visible in our working environment, recycling practices and things like that. We 
don’t dump waste into the nature, and we try to sort and recycle everything accordingly.” (S6) 

”We recycle 100% of all of our waste. That means everything that comes from machining, and we 
also recycle tools, and tool inserts are recycled back to their manufacturers.” (S2) 

Regarding waste management, most specialists explained to have made efforts to 
reduce waste resulting from manufacturing processes, and this was often discussed 
in terms of financial gain, as well as reducing environmental impact. Through this, 
specialists made connections to economic sustainability, which is often measured as 
the positive impact that more sustainable manufacturing processes have on 
manufacturing costs (Gimenez et al., 2012).  

“Waste heat recovery and all our facilities have LED-lighting. These are aspects that we have been 
able to execute wisely, and we’ve also noticed their impact on cost savings.” (S6) 

“Consumption and efficiency in our machine tools. We go through these very diligently to reduce 
harm to the environment. When we manufacture, we look at all the unnecessary work and try to 
calculate what we can save in terms of energy, materials, and scrap. This also ensures the quality of 
our products.” (S2) 

”Well of course we look at the efficient use of manufacturing capacity. You don’t need to invest in 
more unnecessary resources if you just have good equipment that can handle more work. We try to 
develop this constantly and for us, efficiency comes from minimizing tool set ups.” (S4) 

Energy and resource efficiency was usually discussed in terms of waste heat recovery. 
The use of LED-lights was also discussed as a way to improve lighting in facilities and 
also to save on electricity consumption. In addition to heat recovery, production 
efficiency, as well efficiency in regards to material consumption and capacity 
utilization were also discussed of as sustainable practices, which is aligned with that 
of Gimenez et al. (2012). 

As for social sustainability, specialists discussed workplace safety measures and 
employee wellbeing, i.e., social sustainability regarding internal communities (Mani 
et al., 2018). 
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“We’ve been developing working conditions for the past 15 years, and automation is a central part 
of this. Automation reduces the physical strain put on our workers and removes difficult working 
positions, and in that way improves wellbeing.” (S8) 

“Workplace safety and working environment are a high priority for us, and yet again there is a 
financial basis for prioritizing. It’s in our best interest because you can see the impact this has on 
employee retention and wellbeing. In manufacturing, tasks are repetitive and when our employees 
start to get older even the lighter tasks start to wear them down. In relation to this, automation and 
ergonomics is extremely important.” (S1) 

 

Here, the importance of automation, a key concept of both Industry 3.0 and Industry 
4.0 (Mavropolous & Nilsen, 2020), was also brought up to improve working 
conditions. Improved working conditions were considered to lead to financial gain 
through employee retention. This again is an example of how social (and 
environmental) sustainability can lead to economic sustainability, which is also 
aligned with the information presented in the literature review. 

4.2.1.1 Benefits 

To further explore the relevance of sustainable manufacturing in the Finnish 
manufacturing industry, the specialists were asked about what they considered the 
benefits of sustainable manufacturing to be for the industry and business. Doing so 
revealed the importance of sustainable manufacturing and the perceived benefits 
that drive development. As such, understanding these benefits gives further insight 
into the perceptions surrounding sustainable manufacturing. 

As emphasized in the previous sections, the outcomes of economic sustainability on 
financial gain were frequently discussed throughout the interviews. For many 
specialists, this was expressed as one of the key benefits of developing sustainable 
manufacturing processes and sometimes as the enabler for making sustainable 
manufacturing investments. 

“Protecting the environment is important, of course, but in sustainable manufacturing the 
economic perspective is the main motivation. It can be difficult to make sustainable investments 
based only on ‘soft’ outcomes, so it’s good to have some kind of measurable financial driver or 
benefit as well, and you can usually find this if you give it some thought.” (S1) 

”When you operate sustainably, you operate energy efficiently, which means that costs 
automatically go down. Economic and environmental sustainability go pretty much hand in hand 
in the long term.” (S8) 
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Specialists also mentioned sustainable manufacturing as a competitive advantage, 
with key themes related to positive outcomes towards employer branding and brand 
image. 

“The impact [of sustainable manufacturing practices] on brand image is the most crucial outcome. 
We manufacture for the green sectors, and our customers are very strict about how environmentally 
friendly the production of their products is. That is why sustainable manufacturing is relevant to 
us, not so much the savings in energy – that’s minimal. The value for brand image is much greater.” 
(S6) 

“Social sustainability in manufacturing practices acts a competitive advantage because it ensures 
that worker wellbeing is on a sufficient level. When social sustainability is taken care of it pays itself 
back through employee retention.” (S7) 

In addition, sustainable manufacturing practices were discussed as a prerequisite to 
meeting customer requirements and sometimes the continuance of business overall. 

“A lot of these things related to sustainable development come as demands directly from our 
customers… So by having these sustainable manufacturing processes we are trying to boost our 
image in terms of being able to answer to these demands” (S8) 

“These sustainability things come as demands from customers. That’s a fact. Not necessarily as a 
direct order or request, but its insinuated as a requirement for business.” (S3) 

However, when discussing themes related to competitive advantage, two specialists 
said they had yet to hear any customer demands for sustainability and were critical 
about how sustainable manufacturing was in Finland. Furthermore, it was 
emphasized by another specialist that while environmental management system 
certifications are essential, having them does not automatically lead to the adoption 
of sustainable manufacturing practices. 

“Sustainability requirements haven’t trickled down to this part of the supply chain yet, not that I 
know of at least. Maybe it’s more visible in sales and marketing… How much of the sustainability 
talk is actually visible in manufacturing processes, I don’t know. I think companies want to appear 
green and sustainable, but that does not necessarily mean that they actually manufacture 
sustainably.” (S4) 

“We recycle because we have an environmental management system certificate… Even though the 
certificate itself doesn’t ensure anything other than the ability to manufacture at a certain 
standard… but still, it makes us pay attention to sustainability.” (S8) 

This insight will be discussed further in the next section of this chapter but suggests 
that although sustainability might be necessary to the participant companies in terms 
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of brand image and business continuation, the actual levels of sustainable 
manufacturing may not be as high. That said, findings indicate sustainable 
manufacturing practices, or at least the value proposition behind them, to be highly 
relevant for sustainable manufacturing in Finland, especially for companies 
manufacturing in and for the green business sectors. This is aligned with information 
from the literature review and supports the importance of this research. Next, we go 
over perceptions surrounding the current challenges of sustainable manufacturing in 
Finland. 

4.2.1.2 Challenges 

After understanding the perceived benefits of the current state of sustainable 
manufacturing, it was important to explore the perceived challenges. This provides 
further insight regarding the first research question and builds the foundation for 
understanding perceptions around the opportunities that Industry 4.0 offers to solve 
these challenges. Key themes emphasized the lack of knowledge around sustainable 
development, lack of resources to implement sustainable manufacturing processes, 
and lack of external demand.  

First, the lack of knowledge surrounding the topics of sustainability and 
implementing sustainable manufacturing was discussed as a key challenge. Aligned 
with Kiel et al. (2017), specialists emphasized that sustainable practices are not 
adopted or developed without prioritization of sustainability from top management. 

“In the end, top management makes the decisions that enable sustainable development. If they do 
not prioritize sustainability, there’s not much to do a part from mandatory reporting related to 
emissions, and that does not necessarily develop anything. The direct motivation for sustainable 
manufacturing comes from top management’s knowledge and requires them to think that it’s an 
important issue.” (S3) 

“A key challenge might have to do with our competence surrounding these [sustainability] issues 
and whether or not it’s included in our vision and strategy. A company’s top management and their 
competence is what defines the focus of sustainable development.” (S7) 

Regarding this, specialists also emphasized the need for knowledgeable employees 
who can convince top management about the importance of sustainable 
development. Without this kind of in-house knowledge, understanding, identifying, 
and arguing for the benefits of sustainable manufacturing and creating 
organizational transformation, as Kiel et al. (2017) describe it, can be difficult. 
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“We’ve had a lot of competent employees who have been able to bring sustainability issues to the 
awareness of top management. That’s a huge challenge in the industry, having employees that are 
able to convince top management about the importance of sustainability is what leads to 
development.” (S5)  

“It’s not easy to find sustainable solutions. You have to be open-minded and look at things from a 
new perspective. Sustainability is a new thing for a lot of companies in this industry and employees 
don’t know how to implement sustainable manufacturing practices.” (S2) 

Related to lack of knowledge, lack of resources to implement sustainable 
manufacturing processes was also perceived as a challenge. This was discussed in 
terms of finances and time, and sustainable manufacturing practices were perceived 
as high-cost investments and described as an “unbelievably expensive hobby” (S3). 
These findings are aligned with that of both Kiel et al. (2017) and Sarkis & Zhu (2017), 
who explain integration difficulties often to be a result of lack of resources. 

“If you really want to achieve high levels of sustainable manufacturing, the investment costs are 
huge. That said, these investments pay back so I’m not saying their not worth it… But finding 
resources can be a challenge.” (S7) 

Developing sustainable manufacturing practices and initiatives was also perceived as 
time-consuming and required the recruitment of additional employees. This suggests 
that sustainable development practices may still be new to the industry, so there 
aren’t job positions or units dedicated to furthering related initiatives.  

“The more aware the industry becomes about sustainable manufacturing, the tougher the demands 
are in terms of environmental legislation. This can become an issue because you need more 
resources to develop sustainability initiatives, but you don’t have the time or labor power. 
Sustainability reporting and develop takes up a lot of time and requires planning.” (S8) 

As previously mentioned, two out of the eight specialists stated that they had yet to 
receive any customer demands for sustainability at their employer company. This 
was discussed as a challenge to achieve sustainable manufacturing. From a financial 
perspective, if no one is demanding any sustainable manufacturing processes, why 
would these companies choose to invest in them? 

“If I’m being honest, no one to this day has wanted to know how we take sustainable development 
into consideration. But I think this can change in the future… But my point is that there is no 
external pressure and that’s why we don’t have a sustainability strategy.” (S6) 

“If the customer doesn’t create the pressure for us to be sustainable and they don’t care how the 
product is made, then of course there is no sustainable development happening in the supply chain. 
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For bigger companies, the pressure is created by legislation and taxes, but for smaller companies 
it’s a lot different.” (S4) 

Here, the differences between contract manufacturing and independent 
manufacturing and small and large companies become apparent, as emphasized by 
Müller et al. (2017; 2018).  Because contract manufacturers operate solely based on 
the demands of their customers, they have much less say on the sustainability of their 
processes compared to independent manufacturers. This means that even if these 
companies wanted to make manufacturing practices more sustainable, any changes 
made to operations would have to be discussed and improved by the customer first, 
posing an obvious challenge for achieving sustainable manufacturing processes.  

”in this type of manufacturing [contract manufacturing], we have much less opportunity to make a 
difference [regarding sustainable manufacturing processes]. Our machines take up a certain 
amount of energy, and that’s that. How we manufacture is determined by the kind of machines we 
have and what the customer wants from us.” 

Furthermore, the difference in external pressures for large and small companies is 
highlighted. When a company is small, so is its environmental footprint, meaning 
that legislation and tax incentives do not have an impact on operations, lessening the 
incentive to further sustainable development. This also has an impact on how the 
smaller manufacturing companies view the importance of sustainable 
manufacturing. To elaborate, one specialist working for a company with less than 50 
employees said: 

“Of course, you always have to be conscious of what you're doing in terms of sustainability, but I 
don’t think that our operations really pollute the environment all that much. All we use is water and 
electricity and I think that reducing consumption for us is pretty much impossible.” 

This suggests that smaller manufacturing companies may think that because their 
operations are so small, cutting back on emissions is difficult and does not even make 
much of a difference in the grand scheme of the manufacturing industry. 

The findings and analysis regarding the first research question will be summarized 
at the end of this chapter. Next, the perceptions on the opportunities and challenges 
of adopting Industry 4.0 for sustainable manufacturing will be discussed based on 
the six sub-themes presented in Figure 5.  
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4.2.2 Industry 4.0 and Sustainable Manufacturing 

Industry 4.0, as discussed in the literature review, is expected to create many 
opportunities for sustainable manufacturing in the future. Perceptions related to this 
were also discussed in the interviews, focusing on the current state of Industry 4.0 
readiness and the opportunities and barriers of adopting Industry 4.0 for sustainable 
manufacturing. The findings of this section of the interviews will now be discussed 
and analyzed to answer the second research question: How do eight Finnish senior 
manufacturing specialists perceive the opportunities and barriers of Industry 4.0 
for achieving sustainable manufacturing? 

4.2.2.1 Opportunities 

Most specialists discussed Industry 4.0 with great enthusiasm, going over the 
technologies and processes they thought to represent the early stages of Industry 4.0 
manufacturing. Specialists talked extensively about the use of IoT, real-time 
information transparency, simulation, 3D-printing capabilities, and autonomy in 
their manufacturing processes, all of which were technologies also discussed in the 
literature review. Many specialists also discussed the adoption of digitalization and 
automation, typically considered industry 3.0 technologies but still built the 
foundation for Industry 4.0 (Mavropolous & Nilsen, 2o20). 

Knowledge around the topic of Industry 4.0 was at a high level. All specialists were 
able to explain and describe what they considered Industry 4.0 manufacturing to 
consist of and what they expected to happen in the future in terms of technological 
developments. As expected, definitions of Industry 4.0 between specialists varied 
because of how complex and developmental a topic Industry 4.0 still is (Mavropoulos 
& Nilsen, 2020). Technologies perceived to describe the future of Industry 4.0 
included autonomous robots, additive manufacturing capabilities, data simulation 
and visualization, smart factories, cyber-physical systems, and value chain 
communication. 

As discussed in the literature review, specialists also recognized that Industry 4.0 was 
only at its early stages of development and that its possible outcomes could only be 
discussed on a theoretical level for the time being (Drath, 2014). In addition, some 
specialists mentioned processes that had yet to be digitalized at their employer 
companies, such as work instructions that were still available only on paper. This 
indicates that while a high level of Industry 4.0 readiness may exist in Finland 
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(Castelo-Branco et al., 2019), the actual adoption of many of these technologies is 
still considered to be something of the future. 

“I don’t know when Industry 4.0 is actually coming. Of course, in some ways the Finnish industry 
is already in 4.0 because the infrastructure needed for it exists. But for us to really make the shift 
to that type of manufacturing, a lot of process design work is needed” (S4)  

“We’ve already made huge leaps in IoT. Virtual environments, real time data and simulation is 
almost here. With Industry 4.0, the opportunities towards sustainability are substantial. This is 
what I except, but we’ll have to see what happens in the long run.” (S2) 

After understanding the specialists’ knowledge around Industry 4.0 and the level of 
Industry 4.0 readiness in the industry, the remainder of the interview focused on 
answering the second research question. To do so, the specialists’ perceptions around 
the opportunities that Industry 4.0 presents in terms of sustainable manufacturing 
were discussed.  

4.2.2.1.1 Sustainable Process Development 

Various specialists described how Industry 4.0 contributed to the development of 
sustainable processes. As such, this subtheme looks at perceptions of Industry 4.0 
outcomes that could be seen as micro-opportunities, i.e., opportunities for 
sustainable manufacturing that are visible at the factory level (Stock & Seliger, 2016). 
First, specialists discussed the efficiency gains that Industry 4.0 could bring through 
process optimization and operational excellence, which leads to positive outcomes 
for sustainability. 

“In many ways, Industry 4.0 enables more efficiency in production processes. So when processes 
are more efficient then we’ll also be able to reduce consumption and waste, so we won’t have as 
much scrap and product quality will be higher. In this way, Industry 4.0 presents a lot of 
opportunity for many different aspects of sustainable manufacturing, and it’s the sum of these parts 
that’s remarkable.” (S8) 

“The fundamentals behind Industry 4.0 are all about efficiency. It’s pretty much just a goldmine of 
opportunities towards improving efficiency, but at the same time this leads to more sustainable 
manufacturing practices through the use of less resources. Industry 4.0 is a tool that enables 
operational excellence.” (S5) 

“Improving lead times and increasing manufacturing capacity without consuming more resources. 
Industry 4.0 is really about making the processes of manufacturing more efficient. That is the basic 
principle behind Industry 4.0.” (S3) 
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These findings support the literature review and uncover perceptions that Industry 
4.0 can improve sustainability through holistic resource efficiency (Stock & Seliger, 
2016). Another recurring topic of discussion was the opportunities that Industry 4.0 
real-time data information brings toward sustainable manufacturing. As previously 
mentioned in the literature review, real-time information transparency refers to the 
virtual simulation of manufacturing processes and systems, enabling the sharing and 
storing of data in real-time (Lee et al., 2015; Mavropolous & Nilsen, 2020). 

“Industry 4.0 will make a huge difference in terms of being able to make the right decisions at the 
right time. This will be enabled by real time data information, because all the systems will be online. 
Think about it this way: In industry 2.0 and 3.0, manufacturers are still usually creating excel files 
manually, by hand. These excel files contain data about processes, but because reporting takes time 
you make decisions reactively. Industry 4.0 makes sure that you get the data in real time, so you 
can make proactive decisions based on what is happening right then and there.” (S5) 

“Right now, we monitor everything in a way that lets us monitor data from the day before… you 
know, things related to resources and utilization. In the future, I think through Industry 4.0 we’ll 
be completely online so we’ll see things in real time. This way we can constantly monitor 
production, and prevent things like potential machine stops, from anywhere all the time.” (S3).  

In the quotes above, perceptions of what can happen from the current day to Industry 
4.0 become apparent. Here, specialists discuss the possibilities that Industry 4.0 
creates through being able to monitor and make changes in production in real-time, 
as opposed to using data from the day before. This, in turn, enables proactive 
decision-making and the possibility to prevent stops in production, characteristics 
aligned with those presented (Culot et al., 2020). 

Closely related to real-time data information, specialists also discussed the 
opportunities that the simulation of physical processes in cyber-space can bring 
towards sustainability. 

“IoT, cloud computing and real time simulation allows manufacturers to use the same data in many 
places at once, and for them to move it around flexibly from place to place. Cyber twins or cyber 
physical systems let you see the changes that happen in the physical environment in a virtual 
environment.” (S2) 

As such, virtual simulation offers benefits toward reducing travel emissions. Of 
course, digitalization is the enabler behind this trend, but the real-time opportunities 
of IoT bring a novel dimension to sharing data online to anywhere in the world 
(Sundmaeker et al., 2010). Moreover, in addition to real-time data sharing, cyber-
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physical systems allow manufacturers to monitor changes in production in cyber-
space, which enables data visualization (Lu, 2017). 

Finally, related to concrete changes brought by Industry 4.0, many specialists also 
discussed the opportunities that autonomous robots and machines can bring to 
sustainable manufacturing. Here, the difference between Industry 3.0 robots and 
Industry 4.0 autonomy is elaborated on. 

“The Finnish industry already has automation and robotics and flexible manufacturing, but in order 
to step into Industry 4.0 we need to look into collaborative robotics. This will enable autonomy in 
various manufacturing processes, such as the handling of logistics. Robots can move things around 
themselves, which in turn creates sustainable outcomes through saving resources.” (S7) 

“New autonomous robots can collaborate with humans and work together in a synchronized 
fashion. With Industry 3.0 robots, you have to keep them in cages and you can’t go in while they’re 
working if you don’t want to get hurt… In contrast, Industry 4.0 robots and humans can work 
together safely. So these types of autonomous or partly autonomous robots are definitely part of 
Industry 4.0, and they can also help minimize human error in production. They won’t completely 
replace humans of course, it’s about collaboration.” (S8) 

Perceptions around autonomous robots were positive and expected to bring more 
sustainable logistics and handling opportunities, eliminating the need for space 
expansions and minimizing the risk of human error. In turn, all these characteristics 
have positive outcomes toward resource efficiency. More opportunities regarding 
Industry 4.0 and human-robot collaboration will be discussed in the following 
section. 

4.2.2.1.2 Changes in the Nature of Work 

The second sub-theme, changes in the nature of work, highlights perceptions of the 
opportunities Industry 4.0 creates in enabling flexible work environments and 
solving labor shortages. Here, specialists also discussed the ideological shifts in the 
ways of working.  

“Industry 4.0 is all about creating more open and flexible work environments. It’s really an 
ideological shift as well. Currently, we have various separate facilities, so we have the factory and 
the production employees in one building, and then R&D in another, for example. In Industry 4.0, 
the idea is to bring everyone together physically, but also online. This brings people closer and 
allows people from different units who wouldn’t normally talk with each other to collaborate. This 
ensures that the tacit knowledge flows through out production and in turn increases work 
motivation and in turn, well-being.” (S5) 
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“I think that the fact that employees don’t have to work night shifts really increases well-being. 
Industry 4.0 increases the opportunities for un-manned and lights-out manufacturing through 
automation and autonomy. Right now we can work 3 hours unmanned at night, but when Industry 
4.0 develops, that number will increase.” (S6) 

In the first quote above, specislists discuss how Industry 4.0 increases the flow of 
information. This is explained to increase work motivation and employee well-being, 
resulting in positive outcomes toward social sustainability, also discussed in the 
literature review (Kagermann, 2013; Stock & Seliger, 2016). In addition to ideological 
shifts, one specialist also discussed the opportunities that Industry 4.0 autonomy 
creates in eliminating night shifts and explained this to directly impact employee 
motivation. Both aspects highlight how Industry 4.0 changes the nature of work: 
bringing people closer together on the factory level and creating opportunities to 
eliminate night shifts. 

Specialists also highlighted the shortages of labor in the Finnish manufacturing 
industry and presented Industry 4.0 as a way to solve this. 

“There is a glaring shortage of workers in the Finnish manufacturing industry and we’ve really had 
to start thinking about how we’ll be able to bring in new talents in the future. Industry 4.0 
manufacturing is less about the actual machining, and more about having knowledge about 
optimization. The younger generation is not interested in machining, so we need to develop and 
invest in current trends like Industry 4.0 to make it appealing to them. This is part of securing our 
own production capabilities.” (S6) 

“Increasing automation and moving towards Industry 4.0 has increased the amount of jobs on the 
market. Sure, the kinds of jobs are different. Before it was enough to move parts around the factory 
for 8 hours, but now the nature of the work is changing to cater towards specialist roles. In Finland, 
there are very few people who want to do this kind of manual factory labor anymore, so shifting 
towards Industry 4.0 is our only option, really.” (S4) 

Here, the necessity of moving toward Industry 4.0 production is discussed 
concerning ensuring the future workforce. Specialists highlight how the nature of 
jobs in manufacturing is changing, shifting from manual labor positions in 
machining to those requiring expert knowledge and optimizing production 
(Kargermann, 2013). Specialists discuss this as a way to solve labor shortages in the 
Finnish manufacturing industry and refute the claims of increased automation and 
robotics causing a decrease of available jobs in the industry. 
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4.2.2.1.3 Outcomes Across The Value Chain Network 

In addition to factory-level opportunities, specialists also discussed the impacts of 
Industry 4.0 on a broader scale, e.g., micro-level opportunities across the value chain 
network (Stock & Seliger, 2016). These discussions were categorized under the third 
and final subtheme of this section of the analysis. This was done because while the 
themes in this category overlap with those presented prior in the subtheme 
of sustainable process development, these discussions investigate insights that create 
opportunities specifically across the value chain, as opposed to on a factory level. 

First, specialists discussed Industry 4.0 and its opportunities for optimizing logistics. 
This is done through increasing transparency across the supply chain, which can be 
enabled by various technologies such as virtual simulation and cloud computing.  

“In countries like Finland, it's a given that we need to ensure that we have efficient logistics chains 
coming in from the rest of the world. I see the optimisation of logistics as a huge opportunity that 
Industry 4.0 creates. Of course a big enabler is digitalisation, and although this is something that 
is part of Industry 3.0, Industry 4.0 creates even more capabilities. It’s like the opportunity is here 
already, but moving to Industry 4.0 will give us the tools and knowledge to make it happen.” (S3) 

”Industry 4.0 offers a lot of opportunities for our customers to monitor production from wherever 
they are in the world. This can help reduce emissions, because then they [the customers] don’t need 
to travel to Finland to see when we test our products, but instead they can see it remotely. In this 
way, these kinds of solutions benefit sustainability as well.” (S5) 

“In Industry 4.0, it’s not about just having a cyber physical environment for one system, or just 
your own production. You need to look at the bigger picture. Cyber twins allow us to simulate an 
entire physical value chain, that can mirror the entire life-cycle of a manufactured product in cyber-
space. The impact on sustainability is major because it allows us to share information with people 
all over the world without having to travel anywhere.” (S2) 

Here, specialists emphasize the positive impact Industry 4.0 value chain 
transparency can have towards reducing travel emissions. This occurs when data can 
be shared more efficiently throughout value chains through cyber-physical systems, 
remote monitoring, and digitalization in general. This also optimizes the logistics of 
value chains, again positively impacting environmental and economic sustainability, 
as supported by (Jazdi, 2014; Garbie, 2016). One specialist also emphasized the 
impact of Industry 4.0 on value chain integration. 

”The same opportunities that might already be available for your own production, such as proactive 
production processes and process optimization, become a reality across the entire value chain in 
Industry 4.0 manufacturing. This is a massive competitive advantage because the world of 
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manufacturing is changing constantly, which of course introduces new risks that you can’t always 
anticipate. In these situations, it can become a deal breaker to have Industry 4.0 integration across 
your entire value chain. When all of your competition is operating with Industry 4.0 level 
transparency and proactive monitoring of risks, you don’t really stand a chance if you don’t keep 
up.” (S5) 

In this quote, the importance of Industry 4.0 is discussed as a necessity for the 
continuation of the business. Because the nature of the manufacturing industry is 
becoming increasingly more dynamic, companies need to invest in technological 
investments to stay competitive. Through Industry 4.0 integration across value chain 
networks, businesses can minimize risks in situations of uncertainty with proactive 
production and process optimization.  

Specialists also discussed the opportunities of Industry 4.0 toward creating more 
sustainable business models across value chain networks in general. This was aligned 
with the literature review, and emphasized the connections between process 
development, increased efficiency, and sustainability (Arnold et al. 2016; Stock & 
Seliger, 2016. 

“With Industry 4.0, processes and and businesses develop and this means taking sustainability into 
consideration. When you’re creating new kinds of business models that improve processes and 
automate, it's inevitable that the model is also sustainable.” (S7) 

“The purpose of Industry 4.0 is to increase the amount of efficient production time in businesses. 
Of course, among other things, this leads to more sustainable outcomes and business models. The 
combination of these two things is pretty much the underlying goal of Industry 4.0 adoption.” (S3) 

In these two quotes, the direct connection between Industry 4.0 opportunities 
regarding resource efficiency and sustainability becomes apparent. Arguably, 
specialists often thought of sustainable business model development to be a key 
principle of Industry 4.0, with an undeniably positive impact on sustainability.  

4.2.2.2 Barriers to Adoption 

While specialists were optimistic and enthusiastic about the opportunities Industry 
4.0 presents toward sustainable manufacturing, they also brought up various 
barriers to adoption. The subthemes discussed under this aggregate theme include 
lack of resources to adopt Industry 4.0, physical integration difficulties on both the 
micro and macro industry levels, and lack of knowledge around Industry 4.0 
technologies. Understanding perceptions around these topics will answer the second 
half of research question two, namely, how do eight Finnish senior manufacturing 
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specialists perceive the barriers of Industry 4.0 adoption for achieving sustainable 
manufacturing? Each of the three sub-themes will now be discussed in more detail 
below. 

4.2.2.2.1 Lack of Resources 

Lack of resources was discussed as the first barrier to adopt Industry 4.0 technologies 
for sustainable manufacturing. Here, the high investment cost of physical Industry 
4.0 equipment was one of the biggest challenges, as was also discussed in the 
literature review (Sarkis & Zhu, 2017). 

“When you want to get to a high level of Industry 4.0 manufacturing, it’s gonna cost you twice as 
much to get there. Sure, it would be great to have machine tools that last 20 years without any 
breaks, but are we really willing to pay for that? I don’t know…” (S6) 

“If we start modernizing equipment purely to achieve sustainability, we’ll certainly run into 
challenges. It’s not economically sustainable to make all the investments that are necessary to 
achieve a high level of sustainable manufacturing. That’s definitely a barrier.” (S8) 

In the quotes above, specialists talk about the willingness to pay for Industry 4.0 
sustainable manufacturing. Arguably, specialists highlight the lack of financial 
resources and the difficulty of justifying sustainable investments. This suggests that 
while sustainability is an important topic in the Finnish manufacturing industry, it is 
not enough by itself to drive investments. Again, this highlights the importance of 
economic sustainability and the need for sustainable investments to have financially 
profitable outcomes in addition to environmental and social sustainability. 

Other topics in the subtheme of lack of resources included barriers to contract 
manufacturers and small manufacturing companies. Here, specialists in these 
environments talked about the lack of capabilities to develop production, caused by 
1) having fewer resources and 2) being tied by contract manufacturer relationships.  

““These are huge investments for companies the size of ours. We need to make sure there is a clear 
and measurable return on the investment. Otherwise, it’s [sustainable manufacturing investments] 
happening. Our capability to develop is completely different compared to bigger companies.” (S4) 

“A lot of the customers we contract manufacturer for are pretty old fashioned and haven’t invested 
in digitalization in any way. They don’t even know what we’re talking about if we mention Industry 
4.0. That’s the biggest barrier because, in the end, their demand determines our investments.” (S6) 

“In subcontracting… our customers, so the companies that we manufacture parts for… Well, they’re 
not on the same level as us when it comes to technology and Industry 4.0. So we can try to develop 
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our own processes, but we don’t have a lot of say. These customers are small businesses with less 
than ten employees.” (S3) 

The quotes above highlight the differences between small and large manufacturing 
companies (Müller et al., 2018; Kiel et al., 2017) and those between independent 
manufacturers and contract manufacturers. Here, the heterogeneity across the 
Finnish manufacturing industry becomes apparent. As mentioned in the literature 
review, not all opportunities and barriers are the same across the field. Smaller 
companies have fewer resources, and therefore fewer capabilities to invest in 
Industry 4.0 for sustainable manufacturing (Castelo-Branco et al., 2019).  

In addition, companies operating as contract manufacturers need to invest based on 
the demands of their customers, i.e., the companies that outsource their production 
needs to the contract manufacturers. Here, these relationships may limit the ability 
and freedom of contract manufacturers to develop sustainable processes. As 
specialists, three and six highlight, many of the customers they manufacture are 
behind in industrialization and are not as knowledgeable about Industry 4.0 
manufacturing. 

4.2.2.2.2 Integration Difficulties 

Next, we review themes categorized as integration difficulties. Many of the topics 
discussed in this subtheme overlap with those of the previous subtheme. This is to be 
expected because, like the opportunities of Industry 4.0, many of the barriers are also 
interrelated. Nonetheless, here, specialists focused mostly on factory-level difficulties 
related to integrating Industry 4.0 with existing equipment and integration 
difficulties across the value chain. The former of these two will be reviewed first. 

“We still use a lot of machines that are so old that they don’t even have CNC systems. This is 
probably the case for a lot of Finnish manufacturers, and having equipment like this really limits 
your opportunities to integrate new technologies.” (S8) 

“I think that in terms of integration, the challenge is finding suitable solutions. And then when you 
find a suitable solution the price tag is pretty impressive. Of course, you can integrate simple 
solutions, but if you want to achieve something more complex it usually costs a lot and 
commissioning times are long. Industry 4.0 integrations are huge projects… They don’t happen 
over night.” (S7) 

During these discussions, specialists talked a lot about the difficulty of retrofitting 
existing equipment. As previously explained, retrofitting refers to the upgrade and 
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modernization of existing industrial equipment and offers the fastest cost-efficient 
way to shift from Industry 3.0 to 4.0 (Lins et al., 2018). In these quotes specifically, 
specialists emphasize the challenges in finding suitable solutions, the cost of these 
solutions, and the time it takes to commission them. These quotes highlight that 
although retrofitting and modernization are possible and offer a sustainable 
approach to shifting to Industry 4.0, the integration required takes up a lot of time 
and resources. Arguably, these perspectives contradict what Lins et al. (2018) stated 
about retrofitting being cost-efficient and fast – perhaps this is easier said than done? 

Regarding integration difficulties across the value chain, specialists highlighted 
barriers related to creating transparency. 

“We have a long way to go before processes are actually ‘Industry 4.0 transperant.’ I think we’ll be 
relying on regular order confirmations and email communication for quite some time. This has a 
lot to do with the nature of contract manufacturing as well, not just where our industry is at with 
Industry 4.0. In contract manufacturing, there are a lot of different parts in production, so sharing 
information transperantly with the value chain is difficult.” (S7) 

“There are so many moving parts and people involved. I think we’re so far away from stuff 
[transperancy across the value chain] like that, that no ones actually even requested or demanded 
it from us. On top of that, it’s a data security risk to share too much information about production 
processes.” (S3) 

In these quotes, specialists emphasize that while real-time data simulation and IoT 
create many opportunities for Industry 4.0 sustainable manufacturing, there are a lot 
of barriers in making processes truly transparent across the value chain. Among 
other things, specialists highlight the complexity of processes, security risks, and lack 
of demand for transparency, many of which were also emphasized by Kiel et al. 
(2017). These findings suggest that while Industry 4.0 presents opportunities toward 
this, in theory, the opportunities in practice still have a long way to go.  

Related to this, specialists also emphasized that in order to adopt many of the 
Industry 4.0 sustainable manufacturing practices discussed previously, they would 
need to make substantial developments in terms of product design. 

“To take full advantage of Industry 4.0 capabilities like 3D-printing, we would need to make 
significant changes to our products and how they are designed. Right now, we can’t manufacture 
with these technologies in a way that’s profitable or sustainable.” (S4) 

“We still use product drawings that are decades old. If you want to change the way you manufacture 
something, you need to change the way its designed… And we do exactly what our customers ask 
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us to do. We can’t start making changes all of a sudden. We’ve made very specific commitments 
with regard to how products are made, so making any changes in terms of Industry 4.0 or 
sustainability would requite the agreement from our customers.” (S4) 

Here again, contract manufacturing-specific barriers were highlighted. In this type 
of manufacturing, making changes to product design is more complex and always 
requires approval and permission from the company that has outsourced its 
manufacturing processes. This places an additional barrier to achieving more 
sustainable manufacturing because internal demand is not enough to justify a 
change. 

4.2.2.2.3 Lack of Knowledge   

Finally, specialists discussed lack of knowledge as one of the biggest barriers to 
Industry 4.0 adoption. This was first discussed regarding the lack of Industry 4.0 
competence among Finnish operators and factory-level employees, which was 
explained to create difficulties in integration.  

“There’s just not a lot of competence in the Finnish field when it comes to Industry 4.0. It’s a 
competitive advantage to have these technologies, but practical knowledge around them that can 
actually be used in production is slim. The educational sector should really focus more on creating 
this kind of general knowledge around operating Industry 4.0 production environments. It’s not 
enough to know one area perfectly, you need someone that understands the bigger picture. A kind 
of cross-functional skill-set.” (S2) 

This quote supports Drath (2014), and highlights how early the Finnish 
manufacturing industry is in the shift to Industry 4.0. According to specialists, 
because Industry 4.0 is such a new concept, knowledge and training around the 
related technologies are insufficient. Therefore, the need for competencies around 
controlling and understanding the totality of Industry 4.0 is needed. 

Related to lack of competence, specialists highlighted some of the common 
preconceptions around Industry 4.0 and explained that these create difficulties in 
adoption, especially for factory-level employees. 

“We have a lot of operators of different ages working in the industry. A lot of the oldcomers don’t 
understand these new ways of thinking or the benefits behind them. When this is the case, it 
requires a lot of familiarization and training to motivate the older operators to adopt new processes. 
I see employee training as something we reall need to focus on… Otherwise you might as well press 
the breaks on the entire Industry 4.0 shift.” (S8) 
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“A lot of people can’t seem to understand this problem and only talk about how industry 
developments is taking away people’s jobs. Of course, it removes certain types of jobs… I mean, 
how many people still go to the bank today? The world is changing but it takes time to understand 
it. People have certain habits of doing things a certain way so that's probably the biggest thing that 
needs to change.” (S6) 

Among other things, specialists suggest that the old age of employees and uncertainty 
around Industry 4.0 outcomes create resistance around the shift to Industry 4.0. 
Here, difficulties in adopting new ways of working as well as beliefs of Industry 4.0 
creating job loss were discussed. Specialists highlighted that, as in most industries, 
the introduction of new technologies would take away some jobs but merely change 
the nature of work in the grand scheme of things. This perception aligns with existing 
literature: The remaining jobs will contain more knowledge work, less hard labor, 
and involve collaboration between humans and robots (Kargermann, 2013). 

Related to uncertainty, specialists discussed how the lack of knowledge around 
Industry 4.0 made it difficult to measure the impact of Industry 4.0 on increasing 
sustainability and proving the benefits of Industry 4.0 for sustainable manufacturing. 
This was discussed as the final barrier in the way of adoption. 

”To get companies to invest in Industry 4.0 we have to be able to break down misconceptions 
toward new technology. The benefits or outcomes for sustainability are not clear, and a lot of the 
times outcomes are not easily measurable. They’re too abstract.” (S2) 

“Measuring the outcomes is really difficult because there aren’t really any benchmarks for what 
we’re aiming for. Sometimes sustainable outcomes are not measurable in monetary terms, so in 
these cases, how do you know what the return is?” (S6) 

“I think one of the biggest barriers is convincing top management to adopt Industry 4.0 for 
sustainable manufacturing. It can be difficult for them determine whether investment proposals 
are necessary, or whether their kind of nice to have things that engineers drool over. Because that 
can happen… Sometimes we invest in things and we realize afterwards that we really didn’t need 
them. That’s the thing with Industry 4.0: you need to be able to identify what’s economically 
feasible and what’s just part of the industry hype.” (S5) 

In these quotes, specialists highlight that to achieve Industry 4.0 sustainable 
manufacturing, the industry needs to break down misconceptions and uncertainty 
around Industry 4.0, a challenge also discussed by Kiel et al. (2017). A lot of this was 
talked about in reference to the difficulty in measuring and proving sustainable 
outcomes. With trends like Industry 4.0, specialists highlighted that it could be 
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difficult to differentiate between technologies that can lead to actual sustainable 
outcomes and passing trends. 

4.3 Summarizing The Findings 

This analysis presented various findings collected from the specialist interviews. 
First, subthemes surrounding the perceived benefits and challenges of sustainable 
development were reviewed to understand the current state of sustainable 
manufacturing in Finland. After that, the analysis examined perceptions surrounding 
the opportunities and barriers of Industry 4.0 adoption for sustainable 
manufacturing in Finland. This was done to answer the second research question 
and, in turn, highlight how The Fourth Industrial Revolution can change the current 
state of sustainable manufacturing in Finland.  

The next and concluding chapter of this thesis will now answer the two research 
questions of this study and draw conclusions based on the analysis of the findings. 
Then, the implications of this study, limitations, and suggestions for further research 
will be presented. 
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5 DISCUSSION AND CONCLUSIONS 

5.1 Current State of Sustainable Manufacturing 

This research uncovered the perceptions of sustainable manufacturing and Industry 
4.0 of specialists working in the Finnish manufacturing industry. First, several 
findings regarding specialist perceptions on the relevance, benefits for business, and 
challenges for adopting sustainable manufacturing were discussed. Here, specialists 
discussed sustainability in terms of recycling, waste management, energy and 
resource efficiency, and workplace safety. Many times, socially and environmentally 
sustainable outcomes were related to economic sustainability in the sense that 
sustainable practices were perceived to lead to cost savings.  

Initial discussions indicated that sustainable manufacturing is, in fact, relevant in the 
Finnish industry and that all the interviewed specialists were familiar with similar 
sustainability concepts as discussed in the literature review. However, not all the 
specialists’ employer companies had sustainability strategies in place, which suggests 
that while sustainable manufacturing is relevant, specific aims or goals for achieving 
increasingly sustainable practices may not be in place across the field. To understand 
why this may be the case, specialists were then interviewed on the benefits and 
challenges of adopting sustainable manufacturing practices in the Finnish industry. 
This was done to fully understand the current state of sustainable manufacturing, 
i.e., what are the perceived benefits that drive development, and what are the factors 
standing in the way? 

As for benefits, specialists emphasized the outcomes of economic sustainability for 
business. Specifically, opportunities in terms of financial gain were mentioned 
frequently and were sometimes seen as the enabler for implementing sustainable 
manufacturing practices. Specialists stated that while environmental sustainability 
alone was necessary, a financial driver was always needed to make developments. In 
addition to cost savings, benefits toward employer branding and brand image were 
discussed frequently. In contrast, however, some specialists explained that they had 
little to no external demand for sustainability, making investments in more 
sustainable practices less beneficial or relevant for business. Moreover, some 
skepticism toward the actual level of sustainability in Finland was presented. Here, 
specialists implied that while sustainability is frequently discussed in marketing and 
branding, they were still critical of how sustainable practices genuinely are.  
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As for the perceived challenges of implementing more sustainable manufacturing 
practices, specialists highlighted the lack of knowledge around sustainable 
development, lack of resources to implement sustainable manufacturing processes, 
and lack of external demand. First, lack of top management and employee knowledge 
surrounding sustainability were perceived as key challenges. This highlights that 
while many of the specialists were aware of the benefits surrounding sustainable 
manufacturing, this knowledge is not necessarily industry-wide. Second to lack of 
knowledge, high investment costs, and willingness and ability to pay were perceived 
as challenges. Here, specialists also explained the difficulty of arguing for more 
sustainable manufacturing practices in terms of financial and time investments – this 
again highlights the lack of knowledge and high uncertainty around sustainability. 
Finally, the lack of demand for sustainability again and was emphasized as a 
challenge among companies operating as contract manufacturers. In addition, 
specialists working in small companies said that external pressures for more 
sustainable practices were minimal because of their size.  

5.2 Answering Research Question 1 

In sum, this first aggregate theme and the subthemes within it answer the first 
research question of this study, namely, how do eight Finnish senior manufacturing 
specialists perceive and describe the current state of sustainable manufacturing in 
Finland? Specialists are aware of and able to tell how sustainable manufacturing is 
visible in the industry and highlight the current benefits and challenges of adopting 
sustainable manufacturing. However, findings also suggest that while sustainable 
manufacturing is a highly relevant topic in the industry, there are still many 
challenges hindering implementation, some of which are small business and contract 
manufacturer specific. Next, we discuss the opportunities that Industry 4.0 presents 
toward improving the current state of sustainable manufacturing and the barriers in 
the way of adoption. 

5.3 Industry 4.0 for Sustainable Manufacturing 

After uncovering perceptions around sustainability in the current state of 
manufacturing, the second part of this research set out to find specialist perceptions 
around the opportunities of adopting Industry 4.0 for sustainable manufacturing. In 
general, Industry 4.0 was discussed by all specialists with great enthusiasm. Each 
specialist discussed the different technologies of Industry 4.0 and how the shift itself 
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will change the nature of manufacturing. However, the specialists emphasized that 
Industry 4.0 development is only at its early stages and that findings should be seen 
as future anticipations instead of perspectives around the current state. These 
perceptions support that of the literature review. While Finland shows a high level of 
Industry 4.0 readiness (Castelo-Branco et al., 2019), further investments are needed 
to improve production processes (Halonen et al., 2020). 

5.3.1 Opportunities 

First, several findings focused on the opportunities of Industry 4.0 for sustainable 
process development. For example, specialists discussed the efficiency gains enabled 
by Industry 4.0, introduced by process optimization and operational excellence. 
Moreover, specialists talked about Industry 4.0 real-time information transparency 
opportunities for proactive and preventive decision-making. Related to this, 
specialists also discussed the opportunities behind data sharing, flexibility, and 
remote monitoring. Finally, many specialists also discussed the opportunities 
autonomous robots and machines can bring toward sustainable manufacturing, 
specifically logistics and handling. In sum, all these Industry 4.0 characteristics 
combined were perceived to contribute to more holistic resource efficiencies and, in 
turn, more sustainable processes, as suggested in the literature review.  

Through these discussions, we can see that efficiency gains generally result in positive 
outcomes toward sustainability. That said, it is crucial to consider the possible 
rebound effects discussed previously in the literature review. That is, significant 
increases in efficiency can increase overall energy consumption, creating an 
additional burden to the environment (Wang et al., 2016; Mavroupolos & Nilsen, 
2020). Despite their impact, specialists in the interviews did not bring up a concern 
for rebound effects, but this may be because they were not asked about them 
specifically. 

Regarding changes to the nature of work, specialists highlighted Industry 4.0 
opportunities toward creating more flexible work environments, where information 
flows without friction, increasing employee motivation and well-being. Here, 
Industry 4.0 is also presented to tackle the increasing labor shortage in the Finnish 
manufacturing Industry. Moving toward Industry 4.0 is described as a necessity to 
remain relevant on the job market, as fewer and fewer people want to work in manual 
labor. As such, Industry 4.0 is perceived to introduce new, more appealing jobs that 
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require more knowledge and expertise, aligned with existing literature (Kargermann, 
2013). 

Finally, specialists discussed themes visible across entire value chain networks. Here, 
optimizing logistics was highlighted again, but now on an even broader scale than 
previously. Specialists explained how they perceived Industry 4.0 to enable remote 
monitoring and visualization, resulting in more environmentally and economically 
sustainable manufacturing opportunities. In addition, specialists emphasized how 
Industry 4.0 can create more sustainable business models across value chain 
networks. Here the direct connection between Industry 4.0 opportunities becomes 
apparent in terms of resource efficiency and sustainability. 

5.3.2 Barriers 

Next, interviews discussed perceptions surrounding the barriers to Industry 4.0 
adoption for more sustainable manufacturing. First, specialists emphasized the lack 
of resources to adopt Industry 4.0 in general. Here, specialists brought up the lack of 
financial resources and the difficulty of justifying sustainable investments. This 
shows support for literature by Kiel et al. (2017), and implies while Industry 4.0 can 
create more sustainable manufacturing processes, finding the funds and time to 
invest remains a challenge. 

Moreover, specialists discussed barriers specific to small manufacturing companies 
and contract manufacturers, like the sections prior. Here, the heterogeneity across 
the Finnish manufacturing industry becomes apparent. As Castelo-Branco et al. 
(2019) highlighted, not all opportunities and barriers are the same across the field. 
Smaller companies have fewer resources, and therefore fewer capabilities to invest in 
Industry 4.0 for sustainable manufacturing (Müller et al., 2018; Kiel et al., 2017). In 
addition, contract manufacturers are bound by the demands of their customers.  

Second, regarding integration difficulties, specialists highlighted barriers in 
combining new Industry 4.0 technology with existing equipment. Here, issues were 
mainly related to finding suitable solutions, their cost, and commissioning time. In 
addition, specialists discussed barriers regarding creating the level of network-wide 
transparency, previously discussed as an Industry 4.0 opportunity. Here, we see that 
while increased data transparency can enable more sustainable and optimized 
production processes, achieving these comes with its difficulties (Müller, 2019; Kiel 
et al., 2017). Third, specialists also discussed the significant product redesign 
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required to shift to more sustainable Industry 4.0 manufacturing processes. Again, 
contract manufacturers are constrained by customer contracts and bear a significant 
risk when choosing to change or develop processes.  

Finally, specialists discussed the lack of knowledge surrounding Industry 4.0 
sustainability, which was also highlighted by Kiel et al. (2017). This was brought up 
in terms of lack of competence and training among factory employees and resistance 
toward Industry 4.0 adoption caused by preconceptions surrounding job loss. 
Moreover, due to the lack of knowledge, specialists highlighted the perceived 
difficulty of measuring sustainable outcomes and the subsequent difficulty of proving 
or justifying the need for Industry 4.0 sustainable manufacturing. 

5.4 Answering Research Question 2 

In sum, findings reveal that specialists perceive and anticipate the adoption of 
Industry 4.0 to create significant opportunities toward sustainable manufacturing. 
Industry 4.0 technologies that were mentioned concerning sustainability and 
sustainable outcomes include IoT, real-time information transparency, simulation, 
3D-printing capabilities, and autonomy. Furthermore, these technologies were 
discussed in terms of increasing operational excellence, process optimization, 
efficiency gains, flexibility in work environments, employee motivation and well-
being, and proactive and preventive decision making. In addition, specialists 
perceived Industry 4.0 to address labor shortages in the Finnish manufacturing 
industry.  

However, many of these opportunities were perceived to be met with barriers 
standing in the way of adoption. For example, specialists discussed high investments 
costs and time-consuming commissioning and training needs. Moreover, while 
Industry 4.0 was perceived to increase well-being and motivation, preconceived ideas 
surrounding the negative impacts of Industry 4.0 on the job market were mentioned 
as a barrier to adoption. In addition, uncertainty and lack of knowledge related to 
Industry 4.0 related sustainable outcomes were discussed as a challenge to justifying 
investments. Finally, while improvements toward efficiency, optimization, and 
transparency were seen as opportunities for more sustainable manufacturing, 
integration difficulties were still considered a barrier. This was the case on the factory 
level and across value chain networks, especially for contract manufacturers.  
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As such, this study answers both research questions and provides novel insight into 
the perceptions of Finnish manufacturing specialists on 1) sustainable 
manufacturing in its current state and 2) the opportunities and challenges of 
adopting Industry 4.0 for achieving sustainable manufacturing. 

5.5 Implications 

In light of these conclusions, this study will present its implications related to 
Industry 4.0 and sustainable manufacturing. This will be done with the aim of 
discussing the findings of this research in light of what this may mean for the rest of 
the Finnish manufacturing industry. In other words, in light of the specialist 
perceptions surrounding sustainable manufacturing and Industry 4.0, what can be 
implied from the specialist perceptions surrounding the opportunities of adopting 
Industry 4.0 for sustainable manufacturing? 

First, the specialists interviewed in this study are already aware of various sustainable 
manufacturing practices and how Industry 4.0 can potentially contribute to this. This 
implies sustainable manufacturing and Industry 4.0 to both be topics of high 
relevance in the Finnish manufacturing industry. However, sustainability and 
outcomes toward sustainable manufacturing were mainly discussed in terms of 
environmental sustainability, which was seen by focusing on waste management, 
recycling, waste heat recovery, energy, and resource savings. This implies that while 
specialists in the Finnish industry may be knowledgeable about sustainable 
manufacturing practices and Industry 4.0 sustainable outcomes, social and economic 
sustainability may be less obvious.  

Furthermore, outcomes toward improved brand and employer image are considered 
important and drive the adoption of Industry 4.0 and sustainable manufacturing. 
Industry 4.0 was also perceived as a solution to labor shortages in the Finnish 
manufacturing industry and should be emphasized to drive adoption. Some may 
perceive Industry 4.0 to be taking away jobs, but many will understand that this 
relates to changes in the nature of work. 

To encourage more sustainable manufacturing practices through Industry 4.0 among 
the Finnish manufacturing industry, benefits need to be tied to financial gains or cost 
savings. Findings suggest that carrying out sustainable manufacturing practices 
purely for the benefit of environmental or social outcomes is unlikely, and 
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measurable outcomes are needed to justify investments. Related to this, the 
willingness to pay for sustainable manufacturing can be a challenge, and sustainable 
Industry 4.0 technologies are often seen as high-cost investments. Therefore, specific 
return on investment periods should be communicated, and sustainable outcomes 
should be expressed in monetary terms to encourage adoption. 

A certain level of skepticism exists regarding the actual level of sustainability within 
the Finnish manufacturing industry. Therefore, sustainable manufacturing 
investments should be discussed in measurable, preferably numerical terms, and 
their actual outcomes toward the different dimensions of sustainability. In addition 
to this, there is still a lack of knowledge around sustainability and how to implement 
sustainable manufacturing practices in the Finnish manufacturing industry. Top 
management and factory employee education are likely to increase adoption and help 
tackle uncertainties around how sustainable manufacturing can be achieved through 
Industry 4.0. Specialists also expressed a lack of customer demand for sustainable 
manufacturing in the Finnish manufacturing industry and small business and 
contract manufacturing-specific barriers to adopting Industry 4.0 technologies for 
sustainable manufacturing. This implies that while sustainable manufacturing and 
Industry 4.0 are topics of importance, the ability to adopt may not be heterogeneous 
across the Finnish industry. 

Finally, Industry 4.0 was perceived to create opportunities for operational excellence, 
information transparency, flexible work environments, remote monitoring, data 
visualization, and the optimization of logistics and handling. These themes were 
considered important and should drive the adoption of Industry 4.0 for sustainable 
manufacturing. However, lack of knowledge, Industry 4.0 uncertainty, lack of 
resources, and existing equipment integration difficulties were mentioned as the 
biggest barriers to Industry 4.0 adoption. Therefore, for the Finnish manufacturing 
industry to successfully adopt Industry 4.0 for sustainable manufacturing, 
innovation and infrastructure development should focus on overcoming these 
barriers. 

5.6 Limitations and Suggestions for Future Research 

It is important to note the limitations of this study. First, at the core of the aim of this 
research i.e., understanding specialist perceptions around sustainable 
manufacturing and Industry 4.0, it is critical to keep in mind how broad these two 
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phenomena are. In this research, the two phenomena were looked at from multiple 
different perspectives, making it difficult to pinpoint the actual aspects of Industry 
4.0 that may work towards more sustainable manufacturing processes. Future 
research would likely benefit from narrowing aims and objectives to ensure a clear 
focus. For example, this could be done by researching only one dimension of 
sustainability and a distinguished set of Industry 4.0 technologies. 

Moreover, the novelty of Industry 4.0 made it difficult to research. In fact, during the 
interviews, it became clear that specialists had various views on what constitutes 
Industry 4.0 manufacturing or whether these technologies had arrived. Moreover, 
some specialists thought of automation and digitalization as Industry 4.0 
technologies, despite existing literature usually categorizing them as part of The 
Third Industrial Revolution. Future research would benefit from setting a clearer 
framework and definition for the term itself. 

This research studied a sample of only eight industrial manufacturing specialists 
working in the industry concerning methodology. While these specialists were 
considered to have a substantial amount of experience and insight, their perceptions 
are not a full representation of the entire Finnish manufacturing industry. Therefore, 
to generalize and confirm the results of this research, research on a larger scale 
should be conducted.  

Moreover, the data collected in this study was based solely on specialist interviews, 
limiting the research depth. Future research should include a more diverse sample, 
perhaps including specialists working in the Finnish manufacturing industry and 
other professionals with knowledge around the topics of Industry 4.0 and 
sustainability. This, combined with the use of both primary and secondary data 
sources, should increase the trustworthiness of future research. 

Finally, the perceptions of the specialists should be taken at face value, and 
discussion about the ways in which sustainability and Industry 4.0 is or is not visible 
in their field of work cannot be verified. This research was strictly based on opinions, 
views, and assumptions about an industrial revolution yet to take place. While this 
is, of course, interesting, it is important to recognize the biased nature of these 
interviews. Moreover, a large majority of these interviews were conducted with 
senior-level employees. With this in mind, the interview responses of the specialists 
are, of course, tainted by the views or official statements of the company they work 
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for. In other words, specialists were likely to be speaking on behalf of the company 
they are employed for. This can mean that, for example, specialist views on the 
importance of sustainable manufacturing practices may lean towards being 
misleadingly positive to ensure the company's brand image they work for. Future 
research should focus on ways to ensure the trustworthiness of specialist interviews 
through, for example, case study research. 

All in all, this research provides a valuable framework summarizing the perceptions 
of industry specialists on the role of Industry 4.0 and what it offers towards 
sustainable manufacturing. Nevertheless, further research on the relationship 
between the two phenomena is needed to ensure the environmental, social, and 
economic sustainability of the future of manufacturing.  
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APPENDIX 1 INTERVIEW GUIDE 

First, I want to thank you for taking part in this study. The purpose of this study 
is to gain insight into the views of Finnish manufacturing companies concerning 
sustainable manufacturing as well as its links to current industry trends. This 
interview should take around an hour and is meant to be relaxed and informal, 
more like a discussion rather than an interview. There are no right or wrong 
answers. 

You should know that with your consent, this interview will be recorded, and the 
recording and transcripts of this interview will be stored privately and securely in 
the IT systems provided by Hanken. All data will be erased twelve months after 
submitting this thesis. Once published, this study will be publicly available in the 
Hanken database, but no companies or respondents will be mentioned by name. 
Only I will have access to the full interview transcripts. 

I will happily send over the entire thesis and results if this is something you would 
be interested in. I hope that the analysis and conclusions will be a way for you to 
reflect on your company’s views and an interesting way to learn about the views 
of others in your field. May I start the recording? Thank you, we can begin. 

Section 1: Sustainable Manufacturing 

1.    How would you define the term sustainable manufacturing? 

2.    In what ways is sustainable manufacturing visible in your firm’s 
manufacturing? 

3.    What goals related to developing sustainable manufacturing do you have in 
your firm? 

Section 2: The Benefits and Challenges of Sustainable Manufacturing 

1.    What benefits would you consider sustainable manufacturing to bring to your 
company? 

2.    What would you consider to be the challenges of developing sustainable 
manufacturing at your firm?  

Section 3: Industry 4.0 
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3.    How would you describe Industry 4.0 as a concept/trend? 

4.    In what ways is Industry 4.0 visible in your manufacturing? 

Section 4: Benefits & Challenges of Industry 4.0 for Sustainable Manufacturing 

5.    What would you consider to be the benefits of industry 4.0 for sustainable 
manufacturing? 

6.   What would you consider to be the challenges of adopting industry 4.0 for 
sustainable manufacturing? 

Section 4 – Wrapping up 

7.    This was the last question, and we can wrap up this interview. Thank you for 
taking part. Is there anything you would like to add? A question you would like to 
go back to and elaborate on further? 


