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ABSTRACT 
Industry 4.0 refers to a fourth generation of industrial activity as a 
result of the fourth industrial revolution characterized by smart 
systems and Internet-based solutions. It is foreseen as a great 
changer of industry with respect to how production is defined and 
performed. Manufacturing systems will become more modular 
and more efficient, and control of both the manufacturing process 
and the devices will become autonomous. The latter directly 
affects the maintenance and its management. For better 
understanding the challenges faced in maintenance when entering 
Industry 4.0, and for enabling a smooth digital development, an 
interview study was performed with representatives within the 
maintenance ecosystem. The aim of the study was to get a broad 
view on maintenance in the digital era in form of applicable 
technologies, challenges as well as opportunities from various 
Swedish actors, such as system providers, computerized 
maintenance management suppliers, researchers, and educators. 
The findings suggest that the main challenges do not lie in 
technology, but in factors such as strategic planning, culture and 
lack of competence.  

Today, great potential exists for achieving effective maintenance 
through digital solutions; sensors and process data are the 
cornerstone of both long-term and short-term planning, and for 
detecting and preventing malfunctions. Even though, maintenance 
today is planned mainly based on calendar time, and sensor data 
are hard to utilize efficiently for the planning or improvement of 
maintenance. Amongst possible reasons are difficulties to identify 
suitable digital solutions that lead to more efficient maintenance 
management, and to find effective ways to improve maintenance 
plans by analysing existing data. A roadmap for the 
transformation is required for facilitating the digital development 
in maintenance, including a structured approach, methods and 
tools for the digital transformation, as well as the collaboration 
between different stakeholders in the maintenance ecosystem. 
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1. INTRODUCTION 
Over the centuries, the industry has developed continuously, and 
today businesses face many challenges; markets become more 
mobile and innovation cycles become shorter, and energy and 
resource efficiency will be an increasingly important part of 
competitiveness. A fourth industrial revolution is approaching that 

addresses these challenges through the development of intelligent 
and integrated production units [1]. Sanders et al. [2] perceive 
Industry 4.0 as an enabler for successful implementation of lean 
manufacturing principles. Manufacturing systems will become 
more efficient, achieve higher modularity, and have autonomous 
control of both the manufacturing process and the devices. The 
new smart, machines and products, and the combination of new 
Internet technologies and the new digitization of factories, is the 
beginning of the new revolution [3]. Maintenance 4.0 is a subset 
of industry 4.0 with emphasis on the efficient and automatic 
management of maintenance through automatic data collection, 
analysis, visualization, and decision making [4]. Digitalization of 
maintenance started already in the 1980s [5], and the term 
condition-based maintenance, which could be seen as a data-
driven and knowledge-based maintenance strategy, was coined 
several decades ago [6]. Since then, maintenance has undergone a 
digital development, but could still be seen as relatively immature 
[7], especially compared with other business processes. 

The main purpose of this paper is to understand the opportunities 
as well as challenges faced in maintenance when entering Industry 
4.0, in order to enable a smooth digital development. For reaching 
the purpose, an interview survey was conducted aiming at creating 
a broad view on maintenance in the digital era from various 
Swedish actors, such as system providers, computerized 
maintenance management suppliers, researchers, and educators. In 
section 2 the term Industry 4.0 is introduced.  Section 3 presents 
the study setup and section 4 the main results. The results are 
discussed in section 5 and general conclusions as well as areas of 
future research are given. 

2. DIGITALISATION OF INDUSTRY AND 
INDUSTRY 4.0 
Industry 4.0 refers to a fourth generation of industrial activity as a 
result of the fourth industrial revolution characterized by smart 
systems and Internet-based solutions [3]. The fourth revolution 
could be seen as the “internetisation” of production. The basis of 
Industry 4.0 is the availability of data and information in real time 
as everything forms a large network where physical objects are 
interconnected and represented as describing Industry 4.0 are 
Internet of Things, Artificial Intelligence, and Cyber-Physical 
Systems. 

• Internet of Things (IoT) is a collection of several kinds of 
techniques such as industrial automation, robotics, life cycle 
management, and IT security [8]. With the development of 
Internet, the interaction between humans and objects as well 



as objects to objects is subject to increase, which requires a 
new mind-set about how we understand the world around us 
[9]. IoT is described by IoT Sweden, a strategic innovation 
program similar to Industrie 4.0, as a collective term for the 
communities we live in where objects are fitted with sensors 
and processors, which opens for these objects to be able to 
perceive the world and communicate and interact with the 
rest of society [10]. Furthermore, IoT enables the collection 
of large amounts of data, which often refers to the "Big 
Data". With the help of data and sensors increased 
possibilities to reduce the wastage and losses emerge in 
various fields such as manufacturing. In the manufacturing 
industry, IoT gives opportunities for improved maintenance 
[4]. Instead of components run until they break, you can 
advantageously use a system to monitor a machine's 
components using sensors, identify deviations at an early 
stage and have a longer time to be able to take action before 
it affects the machine or the finished product [9]. 

• Artificial intelligence (AI) is commonly understood as 
intelligence of the computer system by the development of 
computational agents [11]. The purpose of AI is to mimic the 
brain's ability to draw conclusions, plan, solve problems, 
understand natural language, and self-learning. This is 
enabled by technologies such as machine learning, deep 
learning, statistics and visualisation [12-14]. Machine 
learning is the use of mathematical or statistical methods for 
pattern recognition in big data sets. An advanced form of 
machine learning using neural network methods is denoted 
deep learning. The application areas in industry are wide, 
from automated planning and scheduling to self-adapting and 
self-maintaining machinery. Applications where humans 
have to interact with the computers could also be seen, such 
as  

• Cyber-physical systems (CPS) connect smart machines, 
production systems and storage systems for the exchange of 
information completely independently, and are seen as a 
convergence between the physical and virtual world [8]. 
With the help of the inbuilt intelligence the systems have the 
ability to make decisions and take the necessary measures in 
case of any problems. Mostermand and Zander [15] describe 
CPS as a number of systems linked together to function as 
one larger system. The total system is connected as a network 
but shares the physical world, such as hardware, with a 
variety of communication systems that interact in the 
physical world. CPS contain, according to [16], a number of 
different areas such as embedded systems, production and 
logistics, meanwhile Internet services collect data from 
sensors of physical processes. These are linked via digital 
networks. In addition to the technical architecture, Platform 
Industry 4.0 view CPS as a socio-technical system that 
covers both man and technology. 

Other technologies that are found within the Industry 4.0 concept 
are for instance Visualisation, Radio frequency identification, 
Virtual reality, Augmented reality, and Knowledge sharing 
systems [4]. Visualisation is the representation of large amount of 
qualitative as well as quantitative data in a form that is recognised 
and understood by a human (it reinforces human cognition). 
Virtual and augmented reality are real time applications where 
information from the physical world with is mixed with 

information from the software. Eye tracking is a type of artificial 
vision system and monitors the user’s eye movement, i.e. what the 
user looks at [17], and is thus an advanced monitoring method, 
but where the behaviour of the technical is tracked rather than the 
machine condition. 

3. STUDY DESCRIPTION 
 
3.1 Study setup 
The interview study was carried out during the major bi-annual 
Nordic maintenance fare held in Gothenburg in 2018. The fare is 
the largest maintenance related event in Northern Europe 
consisting of over 300 exhibitors and 11 000 visitors, and attracts 
companies, practitioners as well as researchers. The interviews, 
which lasted about 30 minutes each, were based on four 
predetermined and open-ended questions: 

1. Which technology do you view as the most important 
today for developing maintenance, and within which 
area (planning, preparation, execution, follow-up, 
improvement of maintenance)? 

2. Which technology has made its breakthrough in five 
years’ time, and which area has developed most? 

3. Which are the biggest digital challenges in 
maintenance? 

4. How can the digital development best be facilitated? 

The participants were free to give other comments upon the 
subject as well. 

3.2 Participants 
In total 14 participants were interviewed representing 14 unique 
actors in the maintenance ecosystem, mainly from the supplier 
side. The term business ecosystem denotes actors involved in a 
specific value generating process [18]. In addition, the ecosystem 
could also include other stakeholders that could influence the 
value creation, such as competitors, companies producing 
substitutes, standardisation organisations, trade organisations, 
educators, public authorities, and customer groups. Table 1 lists 
the participants based on actor type and specialisation.  

Table 1. Study participants 
 Actor type Specialisation 
1 University/higher 

education 
Engineering education and 
research  

2 University/higher 
education  

Engineering education and 
research 

3 Trade organisation Education and certification 
4 Supplier Education and standards 
5 Supplier Education and consulting 

services 
6 Supplier Computerised Maintenance 

Management Systems 
7 Supplier Computerised Maintenance 

Management Systems 
8 Supplier Computerised Maintenance 

Management Systems 
9 Supplier Engineering Plant Data Systems 



and Computerised Maintenance 
Management Systems  

10 Supplier Maintenance services 
11 Supplier Safety services 
12 Supplier IT consulting services 
13 Supplier Sealing products and services 
14 Supplier Lubricant 

 

4. RESULTS 
The results are presented in the same order as the questions. 4.1 
comprises results from questions one and two, 4.2 results from 
question three, and 4.3 results from question four. The numbering 
in Table 1 is used identifying respective participant. 

4.1 Digital technologies in maintenance 
The digital technologies that are important for the development of 
maintenance, as mentioned by the participants, are listed in Table 
2.  Wide set of technologies are mentioned, but some are more 
frequently mentioned: sensor technology, machine learning and 
visualisation are mentioned by several participants. Digitalisation 
affects all areas of maintenance management, according to the 
participants. Many view digitalisation as a means to move towards 
condition based or predictive maintenance. Especially planning is 
enabled by digital solutions, but also follow-up and improvement 
of maintenance. 

Table 2. Most important technologies for the development of 
maintenance 

 Technology Area 
1 Machine learning All areas 
2 Artificial Intelligence (AI)  - 
3 Production technology and 

maintenance technology are 
integrated; integrated maintenance 
and automation. 

- 

4 Reading of equipment data, 
Productivity follow-up, Visualisation 

Follow-up 

5 Data collection “where it happens”, in 
real time and mobile. Sensors for 
enabling long-term planning. Ability 
to report where you are. Information 
as a valuable asset for making better 
decisions. 

All areas except 
Preparation 

6 Computerised Maintenance 
Management Systems (CMMS) 

All areas 

7 CMMS that communicates with 
machines, enabling condition based 
maintenance 

Planning 

8 Production follow-up Follow-up 
9 Sensors and Internet of Things (IoT) 

for capturing and transporting 
measures. Continuous measurement 
of condition. Planning engine as a 
“black box”. 

All areas 

10 Eye Tracking and similar in order to 
be able to conduct daily tasks without 
changing behaviour 

Execution 

11 Compilation of risk analyses through Improvement 

visualisation (for the customer) 
12 Predictive maintenance, i.e. sensor 

technology, machine learning, data 
analysis. 

Planning, 
Improvement 

13 3D scanning for planning, preparation 
and creation of spare parts 

Planning, 
Preparation 

14 Condition monitoring and condition 
based maintenance of lubricants 

Planning, 
Execution 

 

Three main application areas could be seen:  

1) Collection of data: The ability to collect data from the 
production, from the machines and directly where 
maintenance is conducted, as well as being able to 
transport the data through the internet, is required. The 
ability to collect real time data from the production and 
machines is the basis for advanced analysis of the data. 
The integration of different systems is also mentioned – 
while production and maintenance use to be treated in 
separate systems, it is obvious that the main data come 
from the same sources, i.e. production. The possibility 
to represent products (and production) in a virtual twin 
through 3D scanning is also mentioned. 

2) Maintenance planning: Advanced planning engines, 
using machine learning or other artificial intelligence 
solutions for analysing the large data sets retrieved from 
production, will enable the transformation of 
maintenance planning from calendar based to predictive 
and condition based maintenance.  

3) Follow-up and continuous improvement: The 
integration of maintenance and production is clearly 
visible in the interview answers; the main area of 
follow-up mentioned is production. The ability to 
analyse large sets of data and present the results in an 
understandable way for internal as well as external 
actors is important. This is enabled by for instance 
machine learning and visualisation. 

 
In addition, eye tracking and 3D scanning are technologies that 
could be used in maintenance, according to participants 10 and 
13. Eye tracking could be used for the purpose of guidance during 
maintenance execution, or for learning purposes. Having access to 
product dimensions in the computer by the means of 3D scanning 
enables 3D printing of the object [19]. This could for instance 
enable the creation of spare parts on demand. 

Looking into a near future, the study participants foresee some 
interesting technological breakthroughs, see Table 3. Maintenance 
is clearly utilising the Industry 4.0 concept in five years’ time, 
according to the participants. Sensor data are regularly collected 
and transported through the internet. Machine learning, deep 
learning, digital twins, and visualisation are used for analysing 
huge data sets. These technologies enables condition based and 
predictive maintenance planning. Planning and follow-up of not 
only maintenance, but also the whole plant, is made in a mobile 
setting remotely and the execution of maintenance is supported by 
mobile devices and advanced AR applications. The maintenance 
technicians are monitored and guided from a remote monitoring 
central. Key concepts are mobility, but also safety, as everything 



is connected, creating vulnerability in the system. It is interesting 
to note that execution and follow-up is more emphasised as 
application areas, in addition to planning, in the future.  

Table 3. Technology that made a breakthrough in five years’ 
time within maintenance 

 Technology Area 
1 Machine learning All areas 
2 Deep learning  - 
3 Distance technology for controlling 

the whole plant. Operators are 
replaced with automation technicians 
and maintenance technicians and. 

- 

4 IoT, follow-up that enables 
visualisation 

Follow-up 

5 Information retrieval in the cloud. 
Mobile apps and solutions.  

Follow-up 

6 Ability to capture signals into CMMS 
enabling condition based 
maintenance  

All areas 

7 Machines provide more real time and 
condition data 

Mainly planning 

8 Mobility and safety Execution, 
Follow-up 

9 Sensors and Internet of Things (IoT) 
for capturing and transporting 
measures. Continuous measurement 
of condition. Planning engine as a 
“black box”. Artificial Intelligence for 
treating large data sets. Building 
Information Modelling (BIM) and 3D 
models for supporting life cycle 
perspective. Augmented Reality (AR) 
for supporting execution. 

All areas 

10 Several technologies have merged 
like AR and Eye Tracking. Faster 
internet is a prerequisite. 

All areas where 
humans are 
involved 

11 Maintenance technicians equipped 
with sensors and cameras connected 
to a monitoring central. 

Execution 

12 Predictive maintenance, i.e. sensor 
technology, machine learning, data 
analysis. 

Planning, 
Improvement 

13 Sensors that registers and measures Planning 
14 Energy efficient lubricants Planning, 

Execution 
 

4.2 Digital challenges in maintenance 
The challenges identified span over a wide area, from lack of 
business understanding to lack of knowledge and technology fear. 
Table 4 summaries the results inspired by a maturity model for 
Industry 4.0 developed by Schumacher et al. [20]. The model 
consists of nine categories: strategy, leadership, customers, 
products, operations, culture, people, governance, and technology. 
In this paper, three of the categories are of less relevance and have 
therefore been excluded. The removed categories are customers, 
products and operations. 

Table 4. Challenges for digitalisation in maintenance 
Category  Challenges identified 
Strategy -Unclear what technology to invest in as the 

development is so fast 
-Hard to find the business cases 
-Inability to connect technology with current 
business processes 
-Low use of available technologies 

Leadership -Unwillingness to change 
-The value of maintenance is not understood 
-Hard to convince decision makers that a 
system is useful (the maintenance 
representative understands, but has no authority 
to bring it further to the decision makers) 

Culture -Culture and people are interconnected - an 
openness to technology development is lacking 
-Companies do not dare to start using 
digitalisation 
-Hard to get companies to use the technology – 
go from paper and pen to Excel! 
-Technology is not seen as an enabler 
-Technology fear 
-To overcome technology fear 

People -Low level of competence 
-Lack of competence (such as technology 
competence) 
-Unwillingness to change  
-Getting employees to change their mind set 
-Lack of social skills, cooperation problems 
-New types of jobs – from operations to control 
-Technology fear (is seen as something that 
will replace personnel instead of supporting 
them) 
-Aging personnel 

Governance -Rigid mind-set regarding data security 
-Poor support systems 

Technology -Intuitivity of systems – new innovation such as 
Windows 95 is needed 
-A complete environment is lacking 

 

It is clear that the challenges are not in first hand technology 
related, but related to the organization and people in the company. 
Challenges of strategic and leadership nature are the inability to 
understand how to make business out of digitalization: it is hard 
to identify business cases that will utilize digitalization is an 
efficient manner, hard to translate digital opportunities to business 
opportunities, and to know where to start the digital 
transformation. This is connected to leadership: leaders are unable 
to understand the value that lies within developing maintenance, 
and are thus not willing to spend money on digital solutions that 
are recognized as important by maintenance. In addition, existing 
digital assets are not utilized in the extent they could be. If digital 
technologies are available, a fruitful strategy is to increase the 
utilization for instance by conducting analyses to higher extent. 

Many challenges are connected with culture and people. A culture 
characterized by technology fear and unwillingness to develop 
will not enter a digital transformation. The culture is sometimes 
very rigid and far away from a digital development; companies 
where maintenance is managed manually still exist. These 



companies naturally have a longer journey than companies where 
for instance CMMS’s already are in use. Competence is also a 
problem. Low level of formal as well as real competence, for 
instance within digital technologies, and high age of personnel, 
affects the possibilities to implement digital solutions. It is also 
recognized that social skills and cooperation will become more 
important in the future. Unwillingness to change and technology 
fear adds to the problematic situation.   

A set of challenges are connected with technology and the 
governance of technology. The technical solutions are hard to 
understand, not intuitive enough. They are not highly integrated 
either; a complete digital environment is lacking. The more 
advanced and integrated technology, the higher demand on 
suitable information technology support and data security 
measures. These two areas were seen as current challenges by two 
study participants.   

4.3 Facilitating the digital transformation 
A number of ways to facilitate the digital transformation were 
mentioned by the study participants. Companies should work on 
improving the culture and leadership, one participant mentioned. 
This is directly connected with the major challenges identified in 
the previous sub section. Letting go and just taking the first step is 
another suggestion, for instance by feeding data into existing 
systems. Companies should also let the young people in; they 
want to be challenged and have interesting problems to solve, and 
such are found in the maintenance area. Suppliers could help by 
becoming better in informing about available systems and 
solutions, and to develop solutions that are compatible in various 
environments. Suppliers could also present good business cases to 
gain increased interest from the companies. When implementing 
new solutions the old system and the new system could run in 
parallel as a way to show that the new solution is working, i.e. to 
apply an implementation strategy that allows personnel to get 
used to the new solution. Trade organisations and 
standardisation bodies have an important role in developing new 
standards and for visualise the importance of maintenance and its 
impact on total economy. One way to do this is to develop 
maintenance related key performance indicators for different 
industry branches.  

Educators have an important role in attracting young people to 
maintenance related education. The education programs at high 
school and university level should be revised, according to one 
participant. He suggests combining electrical and industrial 
engineering programs at high school level, and standardisation of 
education programs and courses on all levels. Researchers should 
focus on real life problems and help the industry in defining and 
solving problems. Companies and suppliers, but also trade 
organisations, educators and researchers, should work together in 
visualise and clarify existing solutions; if one is approached by 
these solutions, the fear might decrease. The importance of 
collaboration between different actors in order to facilitate the 
digitalisation is recognised as a means to increase knowledge and 
understanding. For reaching this, sharing data, experiences and 
knowledge is essential. One example of shared data could be 
sensor data generated by a school or university that is open for 
everyone to download and analyse.  Finally, raising the status of 
maintenance is mentioned by one participant. This could also be 
viewed as a shared responsibility. 

5. DISCUSSION AND CONCLUSIONS 
The study participants depicted a near future where Industry 4.0 
has become a reality in maintenance – advanced data capture, 
transfer, processing, analysis and utilization describes the future 
of maintenance. By depicting the future, a current state-of-the-art 
in maintenance management could also be derived as perceived by 
the participants; maintenance is planned mainly based on calendar 
time, and where sensor data are hard to utilize efficiently for the 
planning or improvement of maintenance. This picture 
corresponds well with the findings in [21] where it was concluded 
that functionality gaps in CMMS mainly were found for follow-up 
and improvement activities. It is not an impossible future that is 
perceived by the study participants; the technological 
development is fast, and internet of things is applied in various 
areas today, from manufacturing and transport to houses and even 
refrigerators. The main challenges are not technology, but in 
organizational preparedness, according to the study results. 

It is important to take advantage of existing technology and 
accumulate the existing knowledge to optimize the entire flow, 
but also to not lose any experience [22]. Jacobsen and Thorsvik 
[23] highlight the importance of the employee's intellectual 
capital, representing up to 80 per cent of total resources in the 
modern organization. It is therefore important that the personnel 
prepares for the future and develop in parallel with technology. 
Instead of waiting for changes to happen, companies should begin 
the transition as early as possible in order to become part of the 
evolution. Change management is the process of understanding 
why changes have to be made, and how, and has impact on 
individual, organisational as well as cultural level [24]. Focus 
must be set on understanding the benefits in digitalization and 
approaching fear with pointing out the positive effects for the 
organization as well as for the individual worker. IT governance 
strategies [7] and digitalization strategies are means to reach such 
a change. The cultural aspect also describes the general culture 
within the branch, especially as the study participants represents 
suppliers that meet large amount of companies. It is hard to be the 
first out testing new technological solutions. However, it is also 
recognized that the ones that dares to move fast in a business 
transformation also can gain competitive advantages. Therefore, 
developing a clear business case and having the financial 
possibility to move towards Industry 4.0 could definitely pay off. 
In order to do so, the view of maintenance has to change – from a 
necessary cost to business opportunity [18]. A roadmap for the 
transformation is also required for facilitating the digital 
development in maintenance, including a structured approach, 
methods and tools for the digital transformation. Such support 
could be found for instance in [5] and [18], but these are mainly 
conceptual, and more research is needed within the area, 
especially in form of case studies.  

Digital solutions are seen by many as hard to learn and manage, 
which adds on to the problem with low level of competence and 
aging personnel. This was recognized already 2011 [25], and still 
we are waiting for a major global breakthrough, maybe in the 
form of intuitive and user friendly mobile applications. User 
friendly systems might overcome some of the competence related 
challenges, but not all. Education and training will be an 
important area of development also in the future, with own 
challenges such as low interest to study maintenance related 



courses and programs, and lack of competent teachers within the 
area [26]. 

In conclusion, the study shows the necessity to involve all actors 
in the maintenance ecosystem for reaching Industry 4.0. There is 
no single responsible driving the digital development within 
maintenance. Instead, it is everyone’s responsibility, from 
researchers and regulators to the individual companies and their 
suppliers. Cooperation and collaboration will most likely become 
increasingly important, for instance in the form of joint innovation 
projects. This study is of preliminary, inductive nature, with 
limited possibilities to draw general conclusions – the results have 
to be understood, and are valid, within the context. Although, the 
results could be used as basis when designing a larger 
questionnaire survey regarding digitalisation in maintenance, 
which could lead to deepened understanding of the current 
situation as well as future developments of maintenance in the 
digital era. 
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