
 

LAPPEENRANTA UNIVERSITY OF TECHNOLOGY 

School of Business 

Knowledge Management and Leadership      

 

 

 

 

 

 

 

 

 

 

 

Sampsa Mattheiszen      

 

Possibilities and challenges in utilization of information 

provided by Industrial Internet applications  

 

 

 

 

 

 

 

 

 

Examiners: Professor Aino Kianto (D.Sc.) 

  Associate Heidi Olander (D.Sc.) 

 



 

ABSTRACT 
 
Author:   Sampsa Mattheiszen  
Title of Thesis: Possibilities and challenges in utilization of 

information provided by Industrial Internet 
applications  

Faculty:   School of Business 
Major Subject:  Knowledge Management 
Year:    2016 
Master’s Thesis:  Lappeenranta University of Technology 
    132 pages, 18 figures, 2 tables and 14 graphs 
Examiners:   Prof. Aino Kianto 
    Prof. Heidi Olander 
Keywords: Industrial Services, Industrial Internet, Remote 

Services, Condition Monitoring, Digitalization, 
Predictive maintenance, Industry 4.0, Big Data 

 

 

Global digitalization has affected also industrial sector. A trend called 

Industrial Internet has been present for some years and established 

relatively steady position in businesses. Industrial Internet is also referred 

with the terminology Industry 4.0 and in consumer businesses IoT (Internet 

of Things). Eventually, trend consists of many traditionally proven 

technologies and concepts, such as condition monitoring, remote services, 

predictive maintenance and Internet customer portals. All these 

technologies and information related to them are estimated to change the 

rules of business in industrial sector. This may result even a new industrial 

revolution.  

 

This research has its focus on Industrial Internet products, services and 

applications. The study analyses four case companies and their digital 

service offerings. According to this analysis the comparison of these 

services is done to find out if there is still space for companies to gain 

competitive advantage through differentiation with these state of the art 

solutions. One of the case companies, Case Company Ltd., is working as a 

primary case company and a subscriber of this particular research. The 

research and results are analyzed primarily from this company’s perspective 

and need. In empirical part, the research clarifies how Case Company Ltd. 



 

has allocated its development resources through last five years. These 

allocations in certain categories are then compared to other case 

companies’ current customer offering and conclusions are made how the 

approach of different companies differ from each other. 

 

Existing theoretical knowledge of Industrial Internet is about to find its 

shape. In this research we take a look how the case company analysis and 

findings correlate with the existing knowledge and literature of the topic. 
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Globaalin digitalisaation vaikutukset näkyvät myös teollisella sektorilla. 

Teollisen Internetin trendi on tunnettu muutaman vuoden ja se on 

saavuttanut kohtalaisen vakiintuneen jalansijan markkinoilla. Tämä trendi ja 

sen sisältämät tuotteet ja palvelut tunnetaan myös nimellä Teollisuus 4.0. 

Kuluttajaliiketoiminnassa vakiintuneempi termi on Esineiden Internet. 

Kyseinen palvelu- ja tuotekokonaisuus koostuu perinteisistä teknologioista 

kuten; kunnonvalvonnasta, etäyhteyksistä, ennustavasta huollosta sekä 

asiakkaiden käytössä olevista Internetin verkkoportaaleista. Näiden 

teknologioiden ja niiden mahdollistaman informaation on ennustettu 

mullistavan teollisen toimialan liiketoimintaa. Toteutuessaan riittävän 

merkittävästi tämä voi merkitä jopa uutta teollista vallankumousta.  

 

Tässä tutkimuksessa tutustutaan Teollisen Internetin tuotteisiin ja 

palveluihin. Tutkimus analysoi valittuja tutkimusyrityksiä ja niiden 

digitaalisten palveluiden tarjontaa. Analyysin tarkoituksena on verrata 

kyseisten yritysten tarjontaa ja tutkia onko näiden yritysten tarjoamien 

palveluiden ja tuotteiden välillä eroja, jotka voivat johtaa mahdolliseen 

kilpailuetuun. Yksi tutkimusyrityksistä, Case Company Ltd., on tutkimuksen 

keskipisteenä ja määrittää tiettyjä toiveita ja vaatimuksia tutkimukselle. 



 

Tutkimuksen empiirisessä osiossa havainnollistetaan muun muassa kuinka 

Case Company Ltd. on allokoinut kehitysresurssejaan viimeisen viiden 

vuoden aikana. Näitä havaintoja verrataan muiden tutkimusyritysten 

tuotetarjoomaan, jotta saavutetaan johtopäätöksiä tarjoomien 

eroavaisuuksista.  

 

Teollisen Internetin ja sen sovellusten ymmärtäminen markkinoilla alkaa 

hahmottua. Tässä tutkimuksessa selvitetään kuinka case analyysien 

tulokset korreloivat vallitsevien näkemysten, tietämysten sekä 

tutkimustulosten kanssa.  
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1 INTRODUCTION 

This chapter is an introduction to the thesis project. Background and 

definition of Industrial Internet phenomena is first clarified and explained. 

Research questions are then set and rationalized. After that, research 

methods and processes, which were used in this thesis project, were shortly 

introduced.   

 

This research has been made to an international Finland based company 

as a master’s thesis. The company, in which the research is done, is called 

Case Company Ltd. Organization will be handled in anonymity to remain 

the possible competitive advantage that new technology and business 

models presented in this research may create. Researcher himself has 

been over six years in close relationship with the Case Company Ltd. 

Starting point has been to complete researcher’s Master of Economic 

science studies in major of Knowledge Management. Study targets also to 

create valuable information of Industrial Internet situation on the market for 

Case Company Ltd. 

 

Market trends are showing increasing amount of hype around so called 

Industrial Internet. So far, there is relatively small amount of fact based and 

qualitative studies made around this topic. There is significant need to clarify 

what is the situation of the trend and how existing products and services do 

look like. Case Company Ltd. offered an explicit environment to accomplish 

this research and strengthen both market and company’s understanding 

and potential of Industrial Internet related businesses. 

1.1 Background 

Competition in industrial sector is globally severe and the productivity of the 

operations is one of the key focus areas. Through high level of productivity, 

corporations can gain strategic advantage and grow their possibilities in the 
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market against other competitors in their business areas. Already on the 

1980’s, Michael Porter and Victor Millar (Porter & Millar 1985) studied, how 

information can create competitive advantage when utilized efficiently in 

organization strategical framework. (Porter & Millar 1985)  

 

One of the dominant key trends in B2B (Business to Business) industries 

currently in year 2015, to enhance efficient operations and productivity, is 

known as Industrial Internet or Industry 4.0. Gary Mintchell (Industrial 

Internet Now 2015a), an editor of The Manufacturing Connection, talks of 

renaissance of manufacturing. It is close to the same ideology as Internet of 

Things (IoT) on a B2C (Business to Consumers) markets. This trend, with 

its state of the art ideological approach and varying information related 

applications, is presented more detailed in chapter 2.1 Industrial Internet 

concept. (Industrial Internet Now 2015a)  

 

The reason why Industrial Internet trend is currently so powerful, is that 

smart technology inside products have become more advanced and mature. 

In addition, most part of industrial sector has information networks globally 

available. The third important enabler is utilization of cloud based services 

through Internet. The growing IT (Information Technology) knowhow of 

employees must also not be underestimated. (Juhanko et al. 2015) 

 

Maria Melajoki (Industrial Internet Now 2015c) from company we.CONECT 

emphasizes the results of the survey they did for Industrial Internet. 

Industrial Internet world survey was done during 2015 and the survey results 

show that 76% of the survey participating companies believe that Industrial 

Internet and new information available will have an effect to their business. 

Survey was done by interviewing nearly 800 managers from different 

companies globally. (Industrial Internet Now 2015c)  

 

So, it is true that many companies in many different business areas have 

invested heavily into development of the Industrial Internet businesses 
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during the last decade. Shelly Dutton from SAP (SAP Digitalist Magazine 

2015) believes that commonly understood situation includes still a challenge 

to define how Industrial Internet will get realized in everyday business and 

how this new information is truly utilized. In longer time frame, the target 

seems to be to provide new technologies and information based business 

models to enhance customers’ operational safety and productivity. It is 

vastly understood and proven, that new technologies have been able to help 

mankind towards more efficient production and processes. Timo Jaatinen 

(Economic life forum 2016), CEO of Finnish Pulp and Paper Industry, claims 

that this was seen through the previous Industrial revolutions with 

mechanical production (1st revolution), electrical production (2nd revolution), 

information technology and software systems utilization (3rd revolution) and 

now maybe finally through the use of cyber-physical systems and Industrial 

Internet (4th revolution). (SAP Digitalist Magazine 2015; Economic life forum 

2016)   

 

People have usually written about industrial revolutions afterwards and by 

looking into history. At the moment situation is slightly different. Economies 

and companies are focusing into this speculated fourth industrial revolution 

and at the same time waiting it to happen by introducing new technology. 

What seems to be much more difficult, is to define what the real customer 

needs are, how to use new available information and how this revolution will 

happen in practice. Organizations are aware of technologies but the 

business cases are more difficult to define. The main reason for this is 

speculated to be the fact that revolution requires fundamental changes in 

operational models and processes. Combination of traditional business 

models with new technologies and information is only the beginning of 

revolution. Oscar Lindqvist (Industrial Internet Now 2016a), Senior Advisor 

of SAS Institute, believes that full utilization of technology and information 

requires broader business perspective. He continues by saying that 

companies can differentiate themselves from their competitors and 

establish a clear competitive edge by being first in implementing new 
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solutions to these challenges. This point of being the first one on the market 

is the most critical factor in gaining competitive advantage through 

differentiation. (Industrial Internet Now 2016a; Porter & Millar 1985) 

 

As mentioned, current understanding of Industrial Internet has some 

challenges. Some researchers (Juhanko et al. 2015) define two major 

obstacles in success of Industrial Internet. First one of these obstacles is 

organization’s lack of knowledge aka. information and knowledge 

bottleneck. In practice, this means that organizations which have operated 

in traditional manufacturing industry, need to change their internal and 

external business processes before they can turn into Internet based 

services and application businesses. The second one of these challenges, 

which can be seen more concrete, is known as lack of technological 

knowledge aka. technological bottleneck. In practice, this means that there 

are no standards available to create integration between different 

organizations’ technological platforms and information flow. Corporations 

have wide scale of different type enterprise resource planning systems or 

product lifecycle management systems that can’t enable smooth information 

flow from system to another. (Juhanko et al. 2015) 

 

In year 2014, almost 50% of global population does not having an access 

to Internet. That’s why according to Mukhopadhyay & Suryadevara (2014), 

the challenges are more related to the technical side of the implementation. 

Also Fischer (2014) believes, that services as business, need to have low 

enough barriers to access secure information technology infrastructures, 

information itself and related standards. These barriers or challenges can 

be described even more detailed as problems with; 

 

• Availability of Internet and with low cost 

• Data security  

• Slow development of smart sensing systems 

• Energy and power requirements 
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• Computational ability 

• Scalability and easy accessibility 

• Fault tolerance levels (Mukhopadhyay & Suryadevara 2014; Fischer 

2014) 

 

Previous studies (Luetke-Entrup 2014) believe that information scalability 

and easy accessibility is one of the most important barriers. Challenge is 

related to creation of links that would intelligently link the data to certain 

context and enable system to scrutinize information out from the large 

volumes of so called big data. In other words automatic data collection from 

several sources would still need either significant amount of human 

resources or smart algorithms to provide solutions and suggestions for the 

future actions. (Luetke-Entrup 2014) 

 

The opportunities and advantages are on the other hand seen in three 

categories. Organizations can target to make their own current operations 

more efficient (evolution), to create whole new business models (revolution) 

and to increase the customer value of current products and services. The 

third category will be one enabler of competitive advantages through 

differentiation, if organization is be able to bring applications to the market 

before any other rivals. Researchers (Luetke-Entrup 2014) believe that with 

digitalization, new information and interactive applications, organizations 

can gain benefits by offering services directly to more people, much faster 

and relatively easily. (Juhanko et al. 2015; Luetke-Entrup 2014) 

 

Another opportunity from the technological side is the development of 

environmentally friendly energy sources. Consumers are looking for green 

solutions such as rechargeable batteries, which use renewable energy 

sources. The downside of this technological development is that current life 

spans of electronic devices is not long enough. In ten years period between 

1997 and 2007, over half billion computers became obsolete in USA only. 

(Mukhopadhyay & Suryadevara 2014).  
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1.2 Research questions, objectives and delimitations 

In a big picture, this research will continue to investigate if the current 

challenges and possibilities of Industrial Internet and utilization of new 

information, are still the same as common literature and researches believe. 

Researchers such as Juhanko et al. (2015), Fischer (2014) and 

Mukhopadhyay & Suryadevara (2014) present some of the latest studies of 

Industrial Internet scene opportunities and challenges. Studies by Luetke-

Entrup (2014) show how organizations focus on changing products to be 

offered more as informational services. In the background, the harsh 

competition in industrial sector can be seen as a key driver for organizations 

to try new business models. If certain player is able to hit new spot of 

customer value creation before others, it is able to gain competitive 

advantage through differentiation. Fundamental competitive advantage 

studies from Porter & Millar (1985), Yamin et al. (1999) continued by later 

Porter & Heppelmann (2014) studies, will act as a background behind new 

Industrial Internet related products and services development. From 

technological perspective, the target is to challenge current understanding 

by pointing out the question, if available technology is able to provide 

suitable information for business. These technology centered studies, 

analyzed in this research, are mainly from Rao (1996), Mobley (2002) and 

Slama et al. (2015). Altogether situation seem to be, that there are 

technological solutions to provide new information, but reality shows that 

there are also challenges especially in utilization of this information in 

business models and overall customer value of Industrial Internet.  

 

Research questions are set to understand what in practice are current 

products and services of Industrial Internet in the market. Study also 

strengthens the knowledge of Case Company Ltd. and fulfills requirements 

of this particular case company. Simultaneously, the results and 

conclusions are enhancing the fact based understanding of this Industrial 

Internet trend and information that this technology is able to create. As said 

already, some part of the quality research of the trend is absent. Although, 
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there are some good examples and theories of business potential existing 

on the market. Mainly these studies have been focusing on possibilities and 

challenges of conceptual Industrial Internet. General Electric as a practical 

example, published organization’s ideology of Industrial Internet already in 

2013 and those statements have gained somewhat a standard role in the 

market. (General Electric 2014)  

 

Primarily the thesis with its empirical research and results will provide 

answers to the following three questions. First question is analyzed 

according to the materials provided mainly by the case organizations 

themselves. Major part of material is marketing material that are available 

online. Minor part of the materials was collected e.g. from Industry related 

press releases. It should be kept in mind that usually there is a footprint of 

the case company existing also in those materials. The second question has 

basis in more undisputed materials provided by the Case Company Ltd. 

Study assumes, that this company represents quite the average company 

in the Industrial Internet scene and the results are relevant for the common 

scientific discussion. Target is to clarify how these detailed investment 

figures of Case Company Ltd. correlate with other case companies product 

and service offering. The third question and the analysis related to it, is 

targeted to be the main question and indicate the business and economic 

side of the research.   

 

1. How do Case Company Ltd., Kone Oyj, Wärtsilä Oyj and Caterpillar 

Ltd. Industrial Internet services look like? 

 

2. How are case Company Ltd. Industrial Internet development 

investments allocated to different categories? 

 

3. Does the approach and chosen development strategy of Industrial 

Internet products and services create differentiation and competitive 
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advantage for case companies and especially for Case Company 

Ltd.? 

 

Research is not focusing on small and medium size enterprises’ Industrial 

Internet offering. Case companies may have smaller local partners that 

provide certain services but there is always this multinational case company 

with over 1 Billion euro annual turnover as a background. Data and materials 

found from online were not taken into consideration if the same message 

was not able to be repeated in international perspective. This way small 

scale and local solutions are kept in minimum and comparison between 

case companies stayed more relevant. Studied case companies offering 

Industrial Internet products and services must reach the level of large 

company status with the annual turnover of minimum 1 Billion Euro. All 

chosen four case companies fulfill this requirement. (Case Company Ltd. 

2014; Caterpillar Corporation Ltd. 2015a; Kone Oyj 2014c; Wärtsilä Oyj 

2015a) 

 

That part of the research, which analyses the existing information related 

technologies behind products and services, is limited to technologies that 

can be connected online. This limitation is set to make more clear difference 

of Industrial Internet related development and all other technological 

development. As a result, products, services and other information related 

applications investigated in research must primarily be connected online 

and they must be related to information collection, sharing or utilization. Also 

this collection, sharing and utilization of information should be primarily done 

remotely via Internet. Local measuring devices and censors providing 

information without online possibility are delimited from this research. These 

technologies and applications can be investigated in hypothetical 

perspective when clarifying for example future possibilities and challenges.  

 

Case companies under investigation should primarily work in industrial B2B 

markets. Consumer focused B2C companies are delimited outside from 
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research framework. If certain application is utilized in both B2B and B2C 

markets, it can be considered to be part of research focus. This is specially 

taken into consideration when business models and business concepts are 

analyzed. There seems to be currently more business models and concepts 

available in B2C markets with so called IoT. 

 

Empirical section will have some part of Case Company Ltd. internal inquiry 

of Industrial Internet possibilities and challenges. Organization has from ten 

to twenty people who are working closely with Industrial Internet business. 

These people are not directly interviewed in detail but their close 

relationship to Industrial Internet businesses drew discussions and focus of 

this research when research scope was set before actual thesis process. 

These people work mainly in product management, R&D department and 

independent agile Industrial Internet development department. They 

participated to target and scope setting of research before the actual project 

had started. The most visible part of these people presence in this research 

is in Case Company Ltd. resource allocation categorization. The resource 

categorization was done together with the company’s development team 

head. 

 

Theoretical research framework of Industrial Internet solutions will be 

preferred to limit the existing research articles to year 2000 and later made 

materials. The newer the material is, the more relevant it can be considered 

to be to define the Industrial Internet trend. This limitation is set mainly due 

to relatively new trend of Industrial Internet and the fast speed of trend 

changes in industrial environment. Economical perspective is studied 

according to fundamental research material of differentiation and 

competitive advantage all the way from 1960s.  

1.3 Research methods 

This study is following the principles of qualitative study. In qualitative study, 

the target and focus of research is analyzed as deeply and carefully as 
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possible (Hirsijärvi, et al. 2009). Typical scenario in qualitative study is that 

research focus and case organizations are carefully chosen. Case related 

data and results are also seen as very unique in qualitative research. The 

amount of cases chosen is typically small but the analysis instead can be 

more intense. Qualitative approach was chosen as method of this research 

because the target is to create deep and versatile information of current 

Industrial Internet products, services, applications, information and 

business concepts. Number of organizations on the market, that provide 

state-of-the-art digital solutions, was also limited. (Eskola & Suoranta 2000)  

 

Research strategy is chosen to create information through comparative 

case study. In comparative case study adopted and approved theories are 

compared to the results of the case organization analysis. According to 

Eriksson and Koistinen (2014), comparative case study is suitable for new 

information creation. Industrial Internet is relatively new phenomena but the 

trend is moving with high speed and some amount of qualitative studies 

exists already. In this research the data is collected out of four organizations 

operating in global industrial sector. These organizations are Kone Oyj, 

Wärtsilä Oyj, Caterpillar Ltd. and Case Company Ltd. Data is collected from 

marketing publications available online. In addition, Case Company Ltd. 

provides certain amount of investment costs from previous years and these 

resource allocations create the second part of analyzed data. (Eriksson & 

Koistinen, 2014) 

 

Empirical part of the research is done first by focusing into each case 

company separately and then summarizing the similarities and differences 

in their information related product and service offerings. Second part of 

empirical study focuses especially on Case Company Ltd. resource 

allocations in time and category perspective. Finally the empirical study and 

results are scrutinized to make conclusions, if the challenges and 

opportunities of Industrial Internet are still as they are understood.  
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1.4 Research process 

Study identifies that condition monitoring and predictive maintenance are 

the fundamental enablers of information in Industrial Internet scene from 

technological side. Condition monitoring is known for a long time and the 

main literature source is Rao’s (1996) material from middle of 90s. 

Predictive maintenance is more modern phenomena and the literature 

sources are mainly from year 2000 and after by researchers Mobley (2002), 

Mäki (2000) and Sun (2006).   

 

When these two fundamental elements, more abstract conceptual 

understanding and the concrete technology, are in place and introduced in 

the study, research continues with deeper analysis of Industrial Internet in 

business. Competitive advantage and differentiation is defined. After this, 

study continues with analysis of previously mentioned case companies and 

their digital offering. All case companies and their Industrial Internet 

approaches are compared within each other. Deeper part of project analysis 

starts by analyzing the case companies and after that continues with 

investigation of different theories to support the empirical findings. When 

theory part and empirical part are mostly in line, the chapter of conclusions 

starts to reform. Flexibility to adjust theory and empirical part was present 

throughout the creation of conclusions. This enabled the harmony and 

consistency during the research project. 

 

 

Figure 1. Research process 
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From theoretical point of view, the research will be focusing on currently 

existing information applications, operational models, technology and 

businesses, which can be considered to be a part of Industrial Internet (Xia 

et al. 2012; Yamin et al. 1999). These technologies and models are 

information related applications such as remote services, condition 

monitoring, predictive maintenance and other industrial service solutions 

such as online customer portals.  

 

Fundamental concepts and focus areas in theory are Industrial Internet 

technologies. Maciej Kranz (Industrial Internet Now 2015d), vice president 

at technology group Cisco, says that these technologies are more precisely 

condition monitoring and predictive maintenance. Both of the technologies 

are interesting especially from the information perspective. Condition 

monitoring as a source of information and predictive maintenance as a 

result of information. From economical and business perspective the focus 

area is product and service differentiation. This differentiation is mainly 

approached from competitive advantage perspective. Although it is crucial 

driver in the research, it is not the target of the research. (Industrial Internet 

Now 2015d) 

 

Data for the case company comparison and research is based mainly on 

public and available online materials of case companies. Materials are 

mainly marketing and sales related materials. Main source for this 

information is Internet and in more detailed company web pages, online 

publications, trade press campaigns, article releases, advertising and 

promotion material and conference presentation materials. All case 

companies operate in global scale, so materials were taken from many 

different countries Internet pages to ensure the relevance of the data.  

 

In practice, the analysis of the data was first done by looking what sort of 

theories the literature knows about Industrial Internet. Then study continued 

by defining which kind of information related technologies, services and 
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products exist in Industrial Internet theme. Next step analyzed which of 

these fundamental parts of Industrial Internet applications, were provided 

by which case company. Main search engine was Google and key words 

used in search engine were “information services”, “condition monitoring”, 

“predictive maintenance”, “Industrial Internet”, “remote services”, “online 

services” and “digital services”. By following this methodology, the research 

focus and findings were found from inside certain framework. When the data 

and findings where written into research, comparison was done by 

summarizing the technologies, features, services and products into certain 

comparison summary. This summary was taken into conclusions.  

 

Deeper analysis of Case Company Ltd. resource allocation was done by 

collecting the budgeted investment data from previous years in excel form. 

The allocation to different categories was done together with the head of 

development department. The result was master excel where data was 

clearly representing certain size investment for certain category and for 

certain year. From the master excel it was easier to start creating figures to 

show where and when the investments were made. All resource allocations 

into different categories were changed into relevant scale from smallest to 

biggest with number of 100. This way only the changes of investment trends 

could be seen and not the actual amount of investments. These graphs and 

results within, were then compared to the results of case company findings. 

Conclusions were made for example if the resource allocation really 

reflected the actual output of Case Company Ltd. product and service 

offering. 
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2 TECHNOLOGY, INFORMATION AND BUSINESS OF 

INDUSTRIAL INTERNET 

In this chapter, the study focuses on very important part of current 

theoretical understanding of Industrial Internet. First the conceptual 

understanding of Industrial Internet is explained and clarified. Then study 

continues with introduction to fundamental information related technology. 

Condition monitoring is handled first as an information creator and after that 

predictive maintenance as an ideology how to use this information to 

improve service business. Following chapter will be an introduction to some 

of the existing information related business models of Industrial Internet. 

Finally, these technologies and concepts are bundled together by keeping 

in mind the strategic approach of competitive advantage and differentiation 

with information related products and services.  

2.1 Industrial Internet concept 

“The Internet of things is a digital representation of the real world, enabling 

productivity enhancement through optimal use of real-world assets.” 

(Jurvansuu & Belloni 2013) 

 

The barriers between physical world and software are falling. As Bruner 

(2013) in his latest article “Machines are talking” defines, it’s continuously 

becoming easier to connect machines to networks, to control them remotely 

and to get information and data out of them. The radical accessibility, with 

powerful networks and cheap computing power, has made it easy to solve 

information problems with software solutions. (Bruner 2013) 

 

Generally speaking, definition of Industrial Internet and IoT refer to 

networked interconnections of industrial machinery or everyday objects. 

These objects are often equipped with ubiquitous intelligence. This leads to 

highly distributed network of devices and machines communicating with 
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human beings as well as other devices. Provided new information is the key 

in taking a next step in improvements of business. (Xia et al. 2012) 

 

Similar digitalization phenomena is happening in both personal B2C and 

industrial B2B sector. Interfaces between software and big machines, which 

power the world around us, are shaping themselves. Industrial internet can 

be described as a union of software, information and big machines. Simon 

Jagers (Industrial Internet Now 2016b), CEO of Semiotic Labs, says that 

machine learning is in the heart of digitalization. Foundational technologies 

and elements enabling Industrial Internet are pervasive networks, software 

that can analyze massive amount of data, open-source microcontrollers, 

understanding of human preferences and the computing power needed to 

run all this at very minor costs. Industrial Internet does not mean only 

connecting production machinery to the public Internet, but rather making 

those as nodes of pervasive networks that use open protocols and provide 

information for more efficient decision making. (Bruner 2013; Industrial 

Internet Now 2016b)  

 

What is causing this trend and phenomena at the moment? Industrial 

Internet has been even called as the fourth industrial revolution. As Jeremy 

Rifkin (2011) in his book defines, oil and many other fossil fuels as energy 

sources are getting to sunset phase. The whole Industrial sector built on the 

back of these fossil fuels is aging and in disrepair. Also climate change, 

much following from continuous fossil fuel consumption, looms in the 

horizon. Since middle of 1990s, Internet technology and renewable energies 

were about to merge to create very powerful new infrastructure for this 

industrial revolution. (Rifkin 2011) 
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Figure 2. Service offering and IoT (Slama et al. 2015) 

 

Organizations in industrial sector have started to invest to information, 

digitalization and Internet based services with increasing speed. Approach 

has been widely understood that Internet based technology is there to be 

built into organizations existing service offering. From supplier’s perspective 

the revenue and profit making is based on services built around information 

and Internet; 

 

• Value-added services can generate additional revenue 

• Continuous, service-based revenue streams allow for more 

predictable financial planning  

• A recent study shows that service offering promises more sustained 

annual business growth of 5-10% 

• Highly differentiated services increase competitiveness (Slama et 

al. 2015) 
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Slama et al. (2015) continues that the additional operating methods and 

elements (see figure 2. Service offering and IoT), connected asset lifecycle 

management and digital services, were previously unfeasible but sees now 

a daylight. Connected asset lifecycle management provides new insights 

into machine usage information, which can be leveraged to make services 

much more efficient for the supplier. For instance, by using remote condition 

monitoring instead of more expensive labor based onsite equipment checks. 

New Internet based digital services can create completely new service 

models, in which predictive maintenance solution can be used to sell 

improved SLAs (Service Level Agreements), with greater guaranteed 

uptime. Information is seen as the core enabler of all this. (Slama et al. 

2015) 

 

Not all usage cases, supported by information and Internet, are necessary 

disruptive. Organizations are looking also more evolutionary use cases, 

including remote condition monitoring, remote maintenance, predictive 

maintenance planning and other specialized services. The big impact on 

existing organizational structures, which will result from efficient information 

utilization should not be underestimated. Transforming a big service and 

support organization towards efficient use of information via remote 

services, such as remote maintenance and remote condition monitoring, will 

require significant organizational and ideological change. It may take 

several years before the positive effects of this development are fully 

leveraged. (Slama et al. 2015) 

 

Eventually Slama et al. (2015) define seven information related elements of 

digital service development that have had a significant impact on Industrial 

Internet trend; 

 

1. Moore’s law (hardware performance) 

2. Wireless technology 
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3. Metclafe’s law (exponential information value) 

4. Battery technology 

5. Sensor technology 

6. Big data  

7. Cloud based services (Slama et al. 2015) 

 

In addition to these clearly defined information elements, Internet based 

services have more flexible and open architecture than traditional software 

design. This enables different players to develop applications fast and 

efficiently. Web-based open platform creates also certain challenges and 

risks. Many of these challenges are clear and organizations are relatively 

aware of those. Some of the biggest information related risks are related to 

data and information ownership, network security, information privacy and 

information sharing. From overall point of view, the risks are such as 

participatory sensing, correctness of data analytics, operational energy 

efficiency, lack of standardization and quality of actual services provided. 

(Gubbi et al. 2013) 

 

As said, Industrial Internet concept is based on new information and great 

amount of devices and sensors communicating online. Number of 

connected devices is growing with accelerating pace and some researchers 

doubt if current Internet architecture can handle such a big amount of data 

transfer. This can be seen as a big challenge because architectural 

improvements in current Internet would require fundamental changes. Case 

can be compared to similar situation where normally operating building 

needs fundamental reconstruction but the usage of the building must 

continue without major operational stops. Previously communication in 

industrial sector has happened mainly via in-house private networks but 

now companies are looking for digital services that would enable information 

sharing and utilization also through public network. (Lopes et al. 2015) 
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Also control of big data is becoming fundamental topic in Industrial Internet 

scenario. Architecture robustness and fault tolerances are critical factors 

according to studies by four researchers, Miorandi, Sicari, De Pellegrini & 

Chlamtac (2012). Problems can occur for example in communication link 

failure caused by software or hardware failure. This data and information 

integrity may be later on resulting severe safety issues. (Miorandi et al. 

2012) 

 

 

Figure 3. Roadmap of key technological development (Gubbi et al. 2013) 

 

As can be seen in in figure 3. Roadmap of key technological development, 

there are five main development categories in IoT roadmap since 2010. 

Categories are Home & Personal, Enterprise, Utility, Transport and Pug n’ 

play smart objects. Major part of these categories are based on the 

information elements that Slama et al. (2015) defined earlier. Crucial 

technology in the first category, Home & Personal, have already familiar 

things such as compact battery technology, RFID tags and cloud based data 

storages. Following level, Enterprise, consists of smart antennas, 

networked sensors, energy harvesting and intelligent information analytics. 

This level is currently ongoing and it is very important to comprehend that 

this phase is very strong in industrial sector and in Industrial Internet scene. 

Third level, Utility, consists of household applications and critical 
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infrastructure monitoring, among other small scale improvements from 

previous categories. Transport category focuses on logistics improvements. 

As an example is automatically driven vehicles and smart traffic controlling. 

Plug n’ play smart objects stands for very vide scale innovations in are of 

for example intelligent clothing and wireless electricity. (Gubbi et al. 2013; 

Slama et al. 2015) 

 

Researchers Michael Chui, Markus Löffler and Roger Roberts (McKinsey & 

Company 2010) are putting this technology and information into action in 

industrial sector. Their studies present results of information usage 

scenarios that are already relatively widely adapted in industrial sector. 

These are very fundamental and conceptual targets to make business more 

efficient;  

 

1. Manufacturing process optimization  

2. Optimization of resource consumption 

3. Utilization of complex autonomous systems 

 

In process industries, like chemical production, legions of sensors are 

installed to create better granularity to monitoring and enable information 

that would otherwise remain invisible to human eyez. These sensors feed 

information to computers, which analyze the data and performs certain 

process adjustments accordingly. These minor adjustments in temperatures 

or pressures are repeated hundreds or thousands of times during the 

process and can allow major reductions in waste, energy costs and human 

interventions. From resource consumption perspective an example is 

electricity networks, where smart meters and energy grids match the load 

and energy generation capacity to optimize the level of power fed to the 

network. The most demanding use of Internet based applications is control 

of autonomous systems. It requires rapid, real-time sensing of unpredictable 

conditions and instant responses to information findings by automated 

systems. Automotive industry is for example stepping up by developing the 



31 

 

 

system that will detect data of imminent collision or accident and take 

evasive actions accordingly. Another examples are industries which are 

developing robots that clean up toxic waste or in military industry 

development of unmanned vehicles in battlefield. The major benefits are in 

all these usage scenarios safety improvements, risk management and cost 

efficiency. (McKinsey & Company 2010) 

 

As a summary of the concept perspective of Industrial Internet, we look back 

to ongoing market trends of digitalization. First trend is the huge amount of 

information sharing media channels available through interactive platforms. 

This has made information sharing easier and faster within certain 

organization or even from organization to another. This effect is powerful to 

information based consultative products and services. Second trend is the 

easy accessibility to add, delete, comment or modify the data. As an 

example, customers are able to write their own reviews of products available 

or check already existing reviews before purchasing decision. This 

highlights the importance of cost efficient production due to fact that end 

customer prices are very easy to compare within each other. Also 

organizations are keener on offering solutions and packages of products 

and services, which are not so easy to compare within each other. (Luetke-

Entrup 2014) 

 

Third conceptual trend is information and digitalization going more mobile. 

Small programs for cellphones and tablet computers provide easy access 

to information no matter where person is located. In practice, this means 

that organizations, which provide Industrial Internet and digital services, 

should understand the growing need for online customer interfaces. 

Traditional industrial computer providing production and system information 

in production facility may not anymore be sufficient. The last trend is related 

to the utilizations of continuously increasing amount of data, so called big 

data. By the year 2020, the estimations show that amount of data and 

information will be globally 50 times bigger than in year 2012. In industrial 
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sector, this is resulted specially from great number of small network capable 

sensors. Organizations who will be winners in this data game, are the ones 

who are able to change the raw data first to information followed by 

conclusions and suggestions that benefit the customer. (Luetke-Entrup 

2014) 

2.2 Condition monitoring as an enabler 

Helinä Melkäs (2015) from Lappeenranta University of Technology 

emphasizes the importance of quality information, which helps to make 

correct decisions and achieve common understanding. Costs caused by 

corrupted and misleading information are estimated to be billions of dollars 

annually only in USA. Nowadays, a lot of information is created 

automatically by technological sensors and measurement solutions. This 

steers the attentions towards information systems, information technology 

and databases, although the analysis and conclusions are often result of 

human expertize. The essential finding is that improvements in information 

quality can’t be achieved without observing business processes and usage 

context. Organizations that succeed to find the balance between data and 

knowhow, are succeeding better than others. Improved information quality 

can be seen to have direct and positive effect to customer service and 

satisfaction. Condition monitoring can be seen as fundamental enabler and 

creator of equipment specific information. (Melkäs 2015; Rogelio & 

Kallenberg 2003) 

 

Data driven decisions are seen as better decisions. Nowadays technology 

is able to provide even more real and reliable data. Industrial sector is 

especially interested of this new information due to typically high cost 

production stoppages. Machinery can be equipped with sensors and 

measurement devices to follow the usage and condition of equipment. This 

data is defined as “big data”. There is no simple level to measure how much 

data is needed so that it would be called big data. Definitions for big data 

typically require that the data is collected frequently enough and the amount 
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of information is able to minimize the uncertainty of exceptions. Also big 

data collection happens usually automatically without manual efforts 

needed. (McAfee & Brynjolfsson 2012)  

 

Jim Skowron (Industrial Internet Now 2015b), Regional VP of sales in 

Konecranes, highlights the importance of information in successfully 

operating business. When conceptual understanding of Industrial Internet is 

defined, we can continue to study what kind of information these systems 

are able to provide and what are the main technologies behind. It is self-

evident that management of industrial production in year 2015 is a 

challenging operation. Global competition, consumers’ perceptions and fast 

technological change provides various opportunities for the players in 

industrial sector. Maintenance and service operations can account a major 

share of plant’s operating cost. Knowledge and information of machine 

condition and health through condition monitoring, creates an opportunity to 

reduction of traditional periodic maintenance without higher safety risk or 

production failure. (Rao 1996; Industrial Internet Now 2015b)  

 

In today’s marketplace, all processed and manufactured products are 

subjected to severe global competition. To match the dynamics of the 

marketplace, industrial systems and machinery are also changing. Alan 

Davies (1998) believes that speed of rotating components are improving at 

an increasing rate. Many machines are being designed to operate critically 

around the clock and the heavy usage trend is estimated to continue under 

harsh competition in the marketplace. (Davies 1998) 

 

Already late 90s, Nurmilaukas (1997) pointed out that new information via 

condition monitoring has potential for companies to reach significant 

savings in costs, when failures are spotted in time. Multiple variables, such 

as labor related information and spare part costs, must be combined to this 

condition monitoring information to achieve supreme level of maintenance. 

(Nurmilaukas 1997) 
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So, what is this condition monitoring technology all about? According to 

definitions by Mäki (2000), condition monitoring can be divided into two 

categories; objective condition monitoring and subjective condition 

monitoring. The fundamental difference of these two categories is that in 

subjective condition monitoring actions are performed mainly based on 

visual inspection by service personnel. In the objective method various tools 

are used to perform measurements to gain information that can support 

decisions making and actions needed. Objective method has been proven 

to be more accurate when relevant measurements tools are used, 

information is automatically analyzed and components under surveillance 

are the correct ones. Naturally, this impacts to the quality and quantity of 

created information. (Mäki 2000) 

 

When Slama et al. (2015) defined the conceptual business scenes in 

Industrial Internet, technological areas instead, which are most common to 

be measured through condition monitoring, are usually the most critical 

components for equipment uptime. Also condition monitoring technologies 

with different type of sensors limit the amount of measurements completed. 

Rao (1996) lists most typical condition monitoring techniques as; 

 

a) Vibration monitoring  

b) Oil and wear particle analysis 

c) Thermography monitoring 

d) Corrosion monitoring (Rao 1996) 

 

Vibration monitoring is very tangible through to nature that almost every 

machine vibrates. Link between vibration information and machine condition 

is relatively easy to achieve and results are easily analyzed. The second 

technique is testing of lubricant samples. Technique has a nature to provide 

information also of the root cause and not only the problem. In practice oil 

and wear particle analyses are viscosity checks, moisture contents and 
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detections of contaminants. Thermography monitoring means use of 

thermal sensors and cameras to obtain information of temperature 

distributions across for example electrical panels to spot hot spots and loose 

cables. Corrosion monitoring is performed mainly with special devices for 

visual inspections and electricity conductivity. (Rao 1996)  

 

In the past, these techniques have been relatively complex to perform. The 

experts who use these techniques and information are specialists of both 

the measurement technology and the concept of predictive maintenance 

behind it. By feeding the condition monitoring information to maintenance 

planning process, organizations can gain financial return for the relatively 

significant investments made to usually quite expensive condition 

monitoring technology. This step can look very obvious, but it is very vital 

when we look at the big picture of profitable business. Condition monitoring 

must become a part of operational strategy for the company. The result will 

then be greater production output and possible reductions in maintenance 

operation costs. This analysis and strategic integration of condition 

monitoring information is traditionally a human process and takes time to be 

optimized and implemented. Condition monitoring must come part of 

production and maintenance philosophy throughout the organization. This 

way organization can achieve the total potential of information in terms of 

improvements to the bottom line profits. (Rao 1996) 

2.3 Predictive maintenance as an ideology 

Another fundamental part of Industrial Internet is predictive maintenance, 

which is already seen more as an operational model than technology. 

Predictive maintenance is very common utilization model of information 

collected with technologies such as condition monitoring. Predictive 

maintenance services can only be utilized fully when organizations have 

enough reliable information available for decision making. As said, one of 

the most important and high quality sources of information is condition 
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monitoring. Created data is high quality data because it represents the fact 

based data of equipment and conditions. (Lee et al. 2015) 

 

Mobley (2002) believes that maintenance costs are estimated to have a 

major share in total operating costs of production and manufacturing plants. 

Depending on an industry, maintenance and service costs can represent 

between 20 to 50 percent of total machinery related costs of the goods 

produced. The cost of maintenance operation is higher in heavy industries, 

such as metal, pulp and paper and mining industry where maintenance 

costs can represent up to 60 percent share of the total machinery related 

production costs. (Mobley 2002) 

 

The most important fact in ineffective maintenance management is the 

significant affect to the ability to produce quality merchandises and products 

that are competitive in the world market. Poor production uptime and low 

quality of goods has dramatic impact in organizations competitive 

advantage against organizations with more advanced information 

utilization, maintenance management and manufacturing philosophies. 

(Mobley 2002) 

 

Studies have proven that the most dominant reason for inefficient 

maintenance management is the lack of factual information and data to 

prove the actual need for maintenance or repair of an equipment, machinery 

or plant systems. Mobley (2002) states that to be able to implement this 

modern way of proactive maintenance, fact based and reliable new 

information is needed. Scheduling of actions are traditionally performed 

based on periodical trend or because of corrective manners when machine 

or component has already failed. (Mobley 2002) 

 

Maintenance and service activities have been heavily under surveillance 

since 90th century, says professional maintenance coach Kari Mäki (2000) 

in his studies. The common classification model can be utilized also in 
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industrial sector. Model has four layers or levels of maintenance, which each 

has different approach to perform maintenance actions in practice. Levels 

are modification maintenance, correction maintenance, preventive 

maintenance and predictive maintenance (see figure 4. Maintenance 

classification). Information value and diversity increases when moving 

further towards predictive maintenance level. This diversity is consists of 

unknown future-oriented predictions, which can be done according to 

existing information and knowledge. (Mäki 2000)  

 

Typically in industrial sector, the vision of manufacturing companies is to 

move closer to predictive maintenance. The amount of quality information 

needed increases simultaneously when moving towards predictive 

maintenance.  (Mäki 2000) 

 

 

Figure 4. Maintenance classification (Harjunpää 1996) 

 

Key criteria in predictive maintenance is optimization of maintenance 

actions performed. Optimization stands for an idea that actions are 

performed not too soon and not too late. Too soon completed actions are 

not costs efficient way of working and too late performed actions instead 

may result big costs again through downtime or they may cause a severe 

safety risks. Sun (2006) believes that optimization is based on an 
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assumption that an equipment or a component gives informative signals of 

failure already before it faces the breakdown. Very common illustration of 

these failure signals in maintenance is called P-F curve. Curve simply 

shows the point where problem can be detected (point P in figure 5. 

Predictive maintenance P-F curve) before the failure gets too serious and 

causes a breakdown. (Sun, 2006) 

 

 

Figure 5. Predictive maintenance P-F curve (Sun, 2006) 

 

The time between P and F, called failure interval, can variate from some 

milliseconds to even months. This time is a window of opportunity during 

which the problem can be detected and fixed. Usually P and F intervals are 

measured in units that associate with exposure of stress. In industrial sector 

very common information units are running time, miles, work cycles etc. This 

has direct link to Harjunpää’s (1996) model of predictive maintenance 

actions and required information. (Mäki 2000) 

 

Another widely accepted fundament of predictive maintenance is classical 

bathtub curve. Idea of the model is in justification of burn-in strategies for 

improving system reliability. Researchers Klutke, Kiessler and Wortman 

(Klutke et al. 2003) present this in a simplified level. The model shows three 

different phases of equipment condition; 
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1. Phase of infant mortality 

2. Phase of random failures 

3. Phase of wear out failures (Klutke et al. 2003) 

 

Until to 20th century, organizations have mainly ignored the impact of 

maintenance and services to product quality and production uptime. The 

bottom line profit, influenced by a major share of maintenance costs, is 

received through an opinions such as Mobley (2002) presents; 

“maintenance is a necessary evil” and “nothing can be done to improve 

situation with maintenance costs”. These statements were probably true in 

the end of 19th century but not in 20th century information society. As both 

Rao (1996) and Slama et al. (2015) previously presented, the development 

of microprocessors, computer based instruments and sensor technology 

has changed rules of the information game. This development creates a 

new era of information which can reduce unnecessary repairs, prevent 

machine failures and improve the profitability of production through higher 

uptime. (Mobley 2002; Slama et al. 2015; Rao 1996) 

2.4 Industrial Internet in business 

As was already understood with Timo Jaatinen’s (Economic life forum 2016) 

vision, it took almost 200 years to get through first three Industrial 

revolutions in history. Now scientist and economist believe that we might be 

in the edge of the fourth big revolution. Industrial Internet has potential to 

become as important and as significant as previous revolutions. So, where 

is this business potential looming from and how mankind can be so sure 

about upcoming changed already beforehand? There are three hypothesis 

that support the idea of new revolutionary way of working. First hypothesis 

is like Slama et al. (2015) stated, communication infrastructure, such as 

diagnostic units and sensors, will come more affordable. Also purpose scale 

of this technology will expand into areas such as engineering, 

configurations, diagnostics and operations. Second hypothesis states that 

all these Industrial equipment will get connected to each other. This means 
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either public Internet network or at the minimum factory private network. 

Remote connections are key technological enabler and also real-time 

information flow supports this hypothesis. The third hypothesis and enabler 

is a fact that these machines will be able to store this data and information 

to databases or cloud networks where for necessary parties it is reachable 

fast and efficiently. (Drath & Horch 2014; Economic life forum 2016; Slama 

et al. 2015) 

 

Sundmaeker et al. (2010) believe that Industrial Internet and new 

information will be able to bring consistent and tangible business benefits. 

Good examples are high resolution management of assets, better 

collaboration between organizations and improved lifecycle management. 

Researchers in European Commission Information Society and Media 

define that many of these benefits are achieved though unique information 

identification of individual objects together with discovery and search 

services. This enables all objects to interact individually and build a life story 

of its interactions and activities in history. (Sundmaeker et al. 2010) 

 

Productivity is a key driver in all manufacturing industries as well as in 

industrial B2B sector. OECD (Organization for Economic Co-operation and 

Development) defines that productivity is the ratio of a volume measure of 

output to a volume measure of input. Output is either gross output or value 

added whereas input can be capital, labor, energy or for example materials. 

This productivity has direct impact to organization’s competitiveness. 

Industrial Internet has strong effect to productivity through information which 

enables faster decision making, real-time control, service time reduction, 

process optimization, all new business models, enhanced operational 

efficiency and even resource conservation. And very importantly, all this can 

be done independently of location and widely in global perspective via 

Internet. (Jurvansuu & Belloni 2013) 
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Possibility to react fast when needed is becoming important especially in 

industrial sector where production downtime may cost a fortune. Automatic 

and rapid access to information, related for example to system alarms, 

allows operational processes become more efficient. New aspect in 

business is to provide manufacturing as service. As an example, customers 

in car industry can be taken involved in product design process. Car 

manufacturers can then listen customer needs and provide tailor made 

solutions in bigger volume production only with digital services, where 

customer and supplier are sharing information online. Some companies 

provide 3D printing services where customer can print the needed spare 

part by using only personal mobile phone. This phenomena is known as 

user-centric product or service design and it is one implication of new 

information related Industrial Internet business models. (Jurvansuu & 

Belloni 2013) 

 

Human behavior is known as one of the biggest factors causing safety and 

productions hazards. Organizations are showing growing interest to 

harmonize the usage behavior patterns by using latest technology and 

information related. Through usage data analysis, companies can give 

consulting advises or even operator training to those people who seem to 

need it. Affect is not only to safety but many times also to productivity. In 

addition to human and labor efficiency, production facilities are following 

closely on their production equipment efficiency. Think about the scenario 

where certain equipment is very important in manufacturing process but still 

the equipment is used quite seldom. In farming industry a harvester is a 

good example. Its critical equipment when harvesting season is ongoing but 

all the other time it is basically standing still waiting grains to grow. Similar 

situation outside industrial sector is a lawn-mover. It sits in garage and is 

used maybe once or twice a month. New business model would be related 

to rental concept of these equipment, which can only be handled efficiently 

with fast moving and reliable information. Let’s look at this from the 

harvesting perspective. Harvesting season is very short and intense. 
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Weather has huge impact to the success of harvesting. Traditional rental 

concept and timing of harvester leasing would be not be easy to implement. 

By using weather forecast information, location information and for example 

satellite images that analyze the maturity of grains, it could be possible to 

time the harvester leasing automatically. Customer could accept or deny the 

starting harvesting action by using his/her smartphone application. Another 

interesting business model comes from marine industry. Vessels stay long 

time in sea and try to minimize the expensive time in the harbor. Vessels 

can be equipped with condition monitoring and GPS technology, so that 

needed service actions can be planned before vessel arrives to the harbor. 

Benefit comes from time savings, when for example needed spare parts are 

already waiting in the harbor side when vessel arrives. (Jurvansuu & Belloni 

2013; World Economic Forum 2013) 

  

Minimizing downtime in equipment breakdown situations is critical. Fault 

detection is the starting point followed by problem cause analysis and finally 

repair of the equipment. Typically service organizations are offering 

maintenance and service for equipment made by many different 

manufacturers. In practice, this means that technicians and repair men need 

to have vast knowledge base of different technology and components. 

Organizations playing as service providers in this field are looking more 

efficient information utilizations through augmented reality. Technicians 

could be equipped for example with smart glasses providing video 

instructions and maintenance manuals of a certain equipment while making 

needed corrective actions with both hands available for work. Customer 

benefit would be shorter breakdown and chance to get manufacturing 

machinery back to action even faster. The same concept could be used by 

equipment operators who would get warnings and instructions in case of 

usage related safety issues. Value for the customer would be undisputed 

safety improvement. (World Economic Forum 2013) 
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Not all Industrial Internet is related to production machinery. Researchers 

(Lee et al. 2014) from South-Korean University have studied a concept of 

production facility condition monitoring. In practice, varying circumstances 

for example in air humidity or temperature can have an effect to end 

production quality and production machinery lifetime. This manner is 

emphasized when target industry has very precise limitations for 

circumstances and extremely high importance of end products quality. A 

good example is a chemical industry that would produce medicines for 

people. Even small mistakes may eventually end up to major health risks. 

Another example could be nuclear industry where the conditions and the 

whole facility is under surveillance and monitoring around the clock. 

Industrial Internet would improve quality and safety by automatically 

monitoring the circumstances and adjusting the temperature of air condition 

accordingly. The importance of Internet in this system comes from the point 

where this information of current conditions and actions needed are easily 

available for example via mobile phones. As discussed in previous chapters, 

data security and network security must of course be on the highest possible 

level in these usage scenarios. (Lee et al. 2014) 

 

Many of globally operating service providers have chosen a strategy to offer 

products and services in certain country through a local partner. Knowledge 

and information base, product management, marketing and other 

information sharing might be centralized to headquarters but all customer 

operations and actual sales are led by local partner. Industrial Internet can 

help in creating synergy to these operations. As an example, condition 

monitoring of production equipment may reveal information of usage trends 

that vary between different countries. If condition monitoring is expanded to 

monitor also operator behavior, conclusions of required actions can be 

based on real data. If customer is planning a new investment to replace an 

old machine, the previous machine usage levels can be analyzed and 

conclusions taken into considerations when specifying the needs for new 

purchase. A benefit for the customer could also be found by suggesting 
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more energy efficient driving methods for forklift drivers. And as stated in 

previous chapter, some facilities have very strict rules in area access 

control. If manufacturing people would be equipped with location tags, it 

could be automatically spotted is person is in restricted area. Access control 

could be integrated also to production machinery so that user skill level 

would define which equipment person is granted to access. For the service 

provider this enables business opportunities also in aftersales by offering 

for example operator training courses. (Tran et al. 2015) 

 

So, why there are not yet some many clear advantages appearing in 

practical Industrial Internet business scene, although organizations have 

already progressed quite far with their digital infrastructure and information 

services? Advantages as discussed, are clearly described but it is justified 

to say that in business those are only partially implemented or even not at 

all. This is a question that Kortuem & Kawsar (2010) believe is followed from 

poor integrations of information marketplaces. They introduce five different 

marketplaces which each describes a certain part of modern information 

related business; smart object marketplace, application marketplace, 

configuration marketplace, data marketplace and manipulator marketplace. 

These marketplaces and individual sources of information are not linked 

efficiently together and even less synergy seem to be found in process 

automation perspective. Design and realizations of these information 

related marketplaces is an infrastructural prerequisite. (Kortuem & Kawsar 

2010) 

 

Kortuem and Kawsar (2010) are summarizing their research results into five 

business challenges of Industrial Internet; 

 

1. Understanding and supporting user innovation touchpoints 

2. Understanding user incentives 

3. Understanding the characteristics of open innovation platforms  

4. Identifying IoT business models  
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5. Identifying and mapping potential open IoT ecosystems (Kortuem & 

Kawsar 2010) 

 

Leminen et al. (2012) continue that management has critical role in 

implementation of new business models and tackling the information related 

problems pointed out by Kortuem & Kawsar (2010). To get Industrial 

Internet to be efficiently operating part of modern business, the managerial 

focus of corporate business models should be in three cornerstones; 

discussion of links between technology, information and business models, 

business model categorization according to potential and as third point 

detailed description of challenges related to information model 

implementation. Researchers Leminen, Rajahonka, Siuruainen and 

Westerlund (Leminen et al. 2012) have built a matrix model that tries to 

guide organizations to link technological ecosystems, information and 

customers. Important for organization is to understand which part of their 

ecosystem is open and which part is closed. Customers can be also divided 

according to their B2B or B2C nature. The case companies analyzed later 

in this research are all operating in business to business markets. (Leminen 

et al. 2012; Kortuem & Kawsar 2010) 
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Figure 6. Framework to analyze diverse IoT business models (Leminen et 

al. 2012) 

 

After investigation of challenges and methods to create operating business 

models, we shall look at the summarizing findings by Porter and 

Heppelmann (2014) how smart products and new information are changing 

the competitive landscape. They believe that capabilities of smart and 

connected products can be grouped into four levels or areas. These areas 

are; monitoring (sensors and external data sources), control (software 

embedded in the product or in the product cloud), optimization (monitoring 

and control capabilities enabling algorithms that optimize product and its 

use) and finally autonomy (combination of three previous levels monitoring, 

control and optimization). In practice the fourth level brings the major part of 

efficient information utilization and customer benefits. Human operators 

don’t necessary monitor performance, equipment fleet of system, rather 

than individual units. When the ultimate level has been reached, smart and 

connected equipment dramatically expand the opportunities to move 

competition away from price, creating basis for differentiation. In other 

words, Industrial Internet brings value for the supplier organization by 
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enabling supplier to know how customers use the equipment. This leads 

into better customer segmentation, customization of product and price 

setting to capture the value. Eventually, organization that provides Industrial 

Internet products and services can utilize information and operate more 

efficiently and finally gain competitive advantage. Supplier must then 

convince customer with some direct benefits of the system and get their 

permission to install the ecosystem. It may be said that the end justifies the 

means. (Porter & Heppelmann 2014) 

 

In addition to machinery and technology related business models, Industrial 

sector has invested also to online store concepts. Online shopping has 

proven to be very attractive purchasing method mainly because of its 

easiness and cost efficiency. In consumer markets, online store concepts 

have existed for over a decade. The first online stores focused on relatively 

expensive products, such as electronics, which have been manufactured 

traditionally in emerging markets. More difficult products, such as clothing 

and food, have not yet done full breakthrough in online store shopping 

concept. Industrial sector and machinery require many times significant 

amount of information, expertize and engineering. This has limited the 

amount of Industrial sector online stores so far. Industrial organizations, 

which have online store available, are using those stores mainly as so called 

E-commerce platform. E-commerce means that the store is more a 

promotional and advertising site than direct channel to create sales. Store 

can for example have a simple product configurator, which can be used as 

preliminary investment specification and calculation by customer, but the 

final configuration is many times done traditionally together with the seller. 

Also the size of the investment, which is industrial sector can be millions of 

euros, limits the customer willingness to make purchasing decisions without 

backup of seller expertize and detailed information. (Zdziebko & Sulikowski 

2015) 
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2.5 Competitive advantage through differentiation  

A definition of competitive advantage in organization strategy planning 

starts when organization defines and classifies the resources it has 

available. Focus must be on strengths and weaknesses against rivals on 

the same market. After this, organization should identify its capabilities, 

such as things it could do more efficiently than competitors. As a third step, 

organization appraises and generates potential of these resources and 

capabilities in terms of sustainable competitive advantage and the 

appropriate of returns. Finally organizations can choose the strategy which 

best exploits the firm’s resources and capabilities in relation to external 

opportunities. Organization must then continuously identify possible 

resource gaps and react by starting generation of competitive advantage 

again from resource level. (Grant 1991) 

 

Product differentiation is one of the strategies that an organization can 

choose in battle against its rivals. Reasons and factors that create diversity 

in specific markets, and eventually differentiating products and services, can 

be seen to include the following; 

 

1. Variations in production and manufacturing methods 

2. Superior resources 

3. Unequal characteristics in design and improvement of products 

4. Manufacturers inability to eliminate product variations 

5. Variating estimations of market demand (Smith 1956) 

 

Because of above mentioned factors, differences in products and services 

exist on the market. Organizations do this differentiation on purpose to 

distinguish a product or service from other suppliers and to make it more 

attractive for particular target customers. (Yamin et al. 1999; Smith 1956).  

  

Without investments there is very little to gain in business. To improve 

business and efficiency, organization must do right investments at the right 
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time. Successfully implemented investments are one key criteria in creation 

of resources, capabilities and competitive advantage. Successful 

investments require expertize, experience and specially information. 

According to Marugan & Marquez (2015), decision making is defined as 

criteria selection method. This means for example when person wakes up 

in the morning and decides to ride a bicycle to work instead of taking a bus. 

Criteria of successful investment can be viewed from the result perspective. 

Which sort of investment provides optimal results measured for example by 

profitmaking, cost savings or safety improvements? Decision making 

consists of transformation process from raw data first to information and 

finally to conclusions. Data collection can then be seen as a strategic 

initiative to the organization. (Marugan & Marquez 2015) 

 

The role of decision making can be divided to strategic and operational 

decision making. Operational decision making has usually not so severe 

results. Instead longer term strategic decision making can result significant 

changes in the competitive landscape. New technology and information can 

help organizations to develop systems that provide information to support 

both type decision making. Nevertheless, it is very important to consider 

automated algorithms to handle the big amount of data and to find 

conclusions through optimal and fast decision making. (Marugan & Marquez 

2015) 

 

The value of information is recognized and understood already for decades. 

In economy and business, the importance of information means that no 

company can escape from the change of the methods how businesses are 

managed. As stated by Porter & Millar (1985) in the beginning of study, the 

competitive landscape in industrial sector has been emerging throughout 

the last decades. More and more of time and investment capital is absorbed 

into information technology and its effects. Corporate executives see that 

rivals use information to gain competitive advantage. To get onboard, there 
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is significant need to become directly involved in the management of the 

new technology. (Porter & Millar 1985) 

 

There are opinions defining that digitalization and Industrial Internet will 

change everything in business. According to Porter and Heppelmann (2014) 

this is not true. There is a high risk of trying to see things oversimplified. 

Sure it is true that with the Internet, smart and connected products reflect a 

new era of information and technological possibilities that have just recently 

emerged. But the fundamental rules of competition and competitive 

advantage will remain the same. The key is that in navigation process with 

these smart and connected products, organizations understand the 

fundamental competition rules better than ever before. (Porter & 

Heppelmann 2014) 

 

Crucial criteria of technology exploitation is to understand that technology is 

not just IT and computer technology. Like Porter & Millar (1985) already in 

the middle of 80’s define, information technology must be conceived broadly 

to encompass the information that create businesses and use wide 

spectrum of convergent and linked technologies that process particular 

information. In practice, data recognition and collection, information 

communication services, factory automation and many other hardware and 

software related manner have existed already for decades. This argument 

has got support in studies by Chui, Löffler and Roberts (McKinsey & 

Company 2010). (Porter & Millar 1985) 

 

Information revolution, mostly followed of more efficient utilization of new 

technology, and its integration to competitive landscape can be summarized 

into three vital areas; 

 

1. Industry structure will be changing together with the rules of 
competition  
 

2. Competitive advantage is created and giving companies new ways 
to outperform their rivals 
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3. Whole new businesses are spawn from often companies’ existing 
operations (Porter & Millar 1985) 

 

Porter and Millar (1985) continue that one of the most important concepts 

highlighting the role of information technology is so called “value chain”. The 

value the organization creates is measured by the price the buyers are 

willing to pay for a product or service. The business is simply profitable if 

the value created exceeds the cost of performing the value activities. To 

gain competitive advantage, organization must have information to either 

perform these activities at lower cost or perform those in a way, which leads 

to differentiation and possible premium price (see figure 7. Porter’s generic 

strategies). For example, more expensive product design and more 

expensive raw materials can reduce after sales service costs. These 

challenges must be resolved by organizations in accordance to their 

information strategy to achieve competitive advantage. (Porter & Millar 

1985) 

 

 

Figure 7. Porter’s generic strategies (Yamin et al. 1999)  
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As Yamin et al. (1999) present according to Porter’s fundamental findings, 

the organization must choose the strategy relevant for the competitive 

situation. With Industrial Internet, the focus is maybe more on differentiation 

side. The development of new technology, to support the creation of new 

information and followed by new business models, is minimizing the 

possibilities to choose the cost leadership strategy. It’s very critical for an 

organization to understand that this fundamental decision of strategy may 

be the most important factor defining if business is successful or not. One 

approach is that there is no clearly defined right and wrong strategy but the 

organization must be clear which strategy it has chosen. If a company 

comes from a country which for example produces a lot of raw material for 

manufacturing, then it is easier to gain advantage through cost leadership 

or cost focus. On the other hand, if an organization has long history, lot of 

information available and vide expertise of products and services, which are 

not so easy to replicate, the focus could be more on differentiation side. 

(Yamin et al. 1999) 

 

Information technology is creating more data when organization is 

performing its activities. Lot of this information has nature which was not 

available before. State-of-the-art technology makes room for 

comprehensive analysis and use of expanded information. Computer 

controlled equipment are faster, more flexible and more accurate than 

manually operated equipment. Information technology not only affects to 

individual activities performed but it is also greatly enhances an 

organization’s ability to exploit linkages between internal and external 

activities. (Porter & Millar 1985) 

 

Already in the 90’s Barney (1991) made a note that market and competition 

changes with fast pace. What were positive resources in previous industry 

setting, may turn into weaknesses or simply irrelevant in a new industry 

setting. As Timo Jaatinen (Economic life forum 2016) says in his article in 
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2016, this supports the discussions of industrial revolution. An organization 

with strong market position, lot of available information and sustained 

competitive advantage may experience these major shifts in the structure of 

competition. However, a sustained competitive advantage is not nullified 

through competing organizations duplicating the benefits of that competitive 

advantage. (Barney 1991; Economic life forum 2016) 

 

Constantly changing customer preferences and scope leads to continuous 

search for new services and products. This finding by Gebauer, Gustafsson 

and Witell (Gebauer et al. 2011) enhances the possibility of the organization 

to choose the differentiation strategy instead of cost leadership. As a result, 

organizations should engage in innovative activities in order to achieve 

superior performance. As an example, organization may be inviting 

customers to co-design new services or products and gain totally new 

information that way without using any technology. Sure sometimes new 

ways to create value through information new technology can be found 

when working closely together with customer. (Gebauer et al. 2011) 

 

The general intention for information that leads to innovativeness is to 

contribute with business performance. Channeling available information 

and resources into development of new products, services or processes, 

will result an organizational competitive advantage. Customers will continue 

to evolve and organizations providing these services and products must 

adopt innovations over time. Particularly, in order to allow the organization 

to achieve profitability, differentiation and continuous competitive 

advantage. In addition, operational differentiation arguably reduces 

customers’ perceived purchase risk and helps to attract more customers 

who are cooperative and willing to try these new services and products. 

(Gebauer et al. 2011) 
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3 RESEARCH METHODS 

This chapter clarifies how the research process was done in practice. The 

purpose is to describe all the research episodes as transparently as 

possible and to open up the background why certain decisions were made. 

In the beginning, the description of research process is explained and 

chosen research methods clarified. After this phase, the focus is on 

research strategy and actual research data collection. Finally, this chapter 

contains reliability and validity discussion of the research results that are 

under analysis in following chapter of study implications.  

3.1 Description of research process 

The topic and subject of the research was already familiar to the researcher 

due to five years of direct work with Industrial Internet. In the end of 2014, 

Case Company Ltd. made a decision that it would be beneficial to make a 

study, which focuses on the possibilities and challenges of current Industrial 

Internet scene. In the beginning of 2015, this research process was started 

together with Case Company Ltd. and requirements specified by them. The 

subject was presented and accepted by Lappeenranta University of 

Technology in spring 2015 and few months later researcher participated to 

thesis course. The details of research scope were adjusted in the thesis 

course. 

 

Researcher started the study with an analysis of the chosen case 

companies and continued with Case Company Ltd. resource allocation 

analysis. The reason to choose this before literature review was 

researcher’s existing knowledge about the topic. Case Company Ltd. 

resource allocation categorization was collected into one master excel sheet 

together with development team head in April 2015. The case companies 

were analyzed after that starting in May 2015. After empirical part, the 

building of theoretical perspective to support the study was started in 

September 2015. At this time the thesis course was still on and details were 
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adjusted together with course professors. Theory framework was mainly 

built during Q4 2015 followed by conclusions from results and existing 

understanding. Depth and quality of the research was finalized during Q1 

2016 and thesis became ready in its final form during Q2 2016. From the 

start it took around 15 months to complete the thesis. 

3.2 Research strategy  

This study is following the principles of qualitative study. In qualitative study, 

the target and focus of research is to analyze materials and data as deeply 

and carefully as possible. (Hirsijärvi, et al. 2009). Typical scenario in 

qualitative study is that research focus and case organizations used in 

research are carefully chosen. Case related data and following results are 

also seen as very unique in qualitative research. The amount of cases 

chosen should be relatively small but the analysis instead should be more 

deep and intense. Qualitative approach was chosen as method of this 

research because the target is exactly to create deep and versatile 

information of current Industrial Internet products, services, applications and 

business concepts by analyzing four different case companies in Industrial 

sector. (Eskola & Suoranta 2000) 

 

Research strategy follows information and conclusion creation principles 

through comparative case study. Case studies are based on philosophical 

canvas, theoretical and methodological perspectives and chosen research 

methods. This typically enables many different type of targets for case 

studies. Target can be for example understanding of certain case, 

clarification of complex structures or creation of totally new research 

hypothesis. Case study report can have a nature such as comparative 

study, chronological study or a study that focuses on creation of new theory. 

Case study can be also intensive or extensive. For intense case study it is 

common that one of the chosen case companies is the actual organization 

which has been the original subscriber of the research. In this study the 
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subscriber and requirement definer is Case Company Ltd. (Eriksson & 

Koistinen, 2014) 

 

In comparative case study adopted and approved theories are compared to 

the results of the chosen case organization analysis. Comparative case 

study is suitable especially for new information creation. Because Industrial 

Internet is relatively new phenomena and the trend is moving with high 

speed, some amount of qualitative studies already exists. Case Company 

Ltd. gave one of the requirements also from benchmarking perspective. 

Organization could then utilize research results in potential new product and 

service creation. In comparative case study it is possible to use both 

qualitative and quantitative data. In this research the qualitative data is 

collected from online and quantitative data from Case Company Ltd. 

resource allocation documents. Although, development investments are 

modified to fit into certain categories together with development head. This 

makes the nature of this data a bit qualitative because it is based on two 

people partly individual but partly shared and common understanding. 

(Eriksson & Koistinen, 2014) 

3.3 Data and analysis  

In this research the data is collected out of four organizations operating in 

global industrial sector. These organizations fulfill the requirements from 

size and operations nature perspective. Organizations were chosen to be 

Kone Oyj, Wärtsilä Oyj, Caterpillar Ltd. and Case Company Ltd. Data is 

collected from marketing publications available online. In addition Case 

Company Ltd. provides certain amount of investment costs from previous 

years and these resource allocations create the second part of data. This 

data is used to deepen the understanding between the actual development 

investments and the products and services launched on the market.  
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Organization Organization introduction 

 

Kone Oyj 

 

Kone Oyj was founded in 1910. The 

company focuses on both elevator 

and escalator manufacturing and it 

also provides services into those. 

Kone is operating in almost 60 

countries with over 40 000 

employees worldwide. Kone has 

introduced several Industrial 

Internet related services throughout 

the last decade.   

 

 

Wärtsilä Oyj 

 

Wärtsilä Oyj is one of the global 

leaders in providing marine power 

solutions, such as ship engines. 

Company operates in over 70 

countries and amount of employees 

is over 19 000. Wärtsilä has three 

business units; power plants, ship 

power and services. One of the key 

areas in services business unit is 

Industrial Internet related services. 

  

 

Caterpillar Ltd.  

 

Caterpillar is multinational 

corporation with headquarters in 

United States of America. 

Caterpillar has over 400 product 

that it is selling through its extensive 

dealer network. Caterpillar has 
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provided Industrial Internet services 

in many of its bulldozers and 

excavators.  

 

 

Case Company Ltd.  

 

Case Company Ltd. got its current 

form in 1996. Before this it was a 

part of bigger organization. 

Nowadays company has almost 

12 000 employees as an individual 

corporation and operation in nearly 

50 countries worldwide. Company 

was one of the first players 

introducing fully productized 

Industrial Internet services in 2010.  

 

 

Table 2. Introduction of case organizations 

 

Data was collected from Internet by searching the materials available of 

particular case organization’s digital products and services. First 

organization own web pages were analyzed and then search engine Google 

was used to find more information out of certain product or service. Search 

words were usually first the case company name followed by wording such 

as “Industrial Internet”, “digital services”, “IoT services”, “online services”, 

“remote services” and “condition monitoring”. Findings were written down 

and compared with information found on another web page to maximize the 

relevance of found data.  This is seen very important in qualitative research. 

Typically case organization web page contained introduction to certain 

product and service and then other web pages contained more detailed 

information. Case companies were analyzed one at a time and next 

organization data collection was not started before sufficient amount of data 
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was found. Mainly materials found were marketing materials such as 

brochures, sales fleet lets, customer presentations and videos. Few press 

releases and industrial journal articles were also found but these were also 

written more in promotional perspective and origins were usually in the case 

company. (Eskola & Suoranta 2000) 

 

Another part of the data analysis was done according to Case Company 

Ltd. development and investment data. First researcher got five different 

excel sheets from the development team head. Each excel presented the 

investments budgeted and implemented for particular year. Year 2015 data 

consisted partly implemented and partly budgeted data. Raw data sheets 

had date, description of investment and monetary value of investment in 

place. Researcher divided these investments to seven resource categories 

which he then presented to the development head. Resource categories 

were following same logic as previously analyzed other case companies. 

Researcher and development head discussed together few hours and 

finalized harmony and understanding that researcher had understood the 

description correct way and each investment was in right category. After this 

these investments were drawn into graphs representing clearly the 

changes, trends and total values of investments made.  

 

Empirical part of the research continued then by focusing into each case 

company separately and then summarizing the similarities and differences 

in their information related product and service offerings. Following part of 

empirical study focused especially on Case Company Ltd. resource 

allocations in time and category perspective. Target was to clarify what is 

the relation between actual products and services launched and 

investments made throughout five last years. Finally the empirical study and 

results were scrutinized to make conclusions if the challenges and 

opportunities of Industrial Internet related information utilization are still as 

they are understood according to dominant research. Finally conclusions 

part of the study clarifies, if these companies differentiate themselves by 
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offering something than other case companies don’t. (Eskola & Suoranta 

2000) 

3.4 Reliability and validity of the results 

Companies worldwide are trying to clarify the business concepts of 

Industrial Internet. Like Slama et al. (2015) are presenting, business models 

and service offering are changing from traditional models to somewhat 

modern information centric models. The primary research company shares 

the same challenge to define the business concept and information 

framework that would truly benefit the customer. This research will clarify 

how Industrial Internet is nowadays understood and what kind of products 

and services are related to it. By clarifying this, the research targets to 

explain where the trend is heading and into which areas organizations 

should invest to stay in the head of the game. There is significant amount of 

articles, comments and marketing related material available but much less 

scientific research and facts about the practical business benefits. Theo 

Priestley (Wired Online 2016), a columnist and Industrial Internet expert in 

Wired Magazine, summarizes in his 2016 published article, that Industrial 

Internet has obvious elements of hype. Elements of hype can easily distort 

the reality by showing situation in over optimistic light. Also a lot of Industrial 

Internet related marketing information is found but the relevance and 

correctness of that material should be questioned. (Wired Online 2016; 

Slama et al. 2015) 

 

Case companies are chosen by knowing that they represent some state of 

the art digital products and services. Purpose of the further comparison is 

to understand which kind of Industrial Internet related services and products 

these case companies are offering. Comparison was made fully on 

materials available online. This results a challenge to fully understand the 

status of certain products and services that are available. Marketing tends 

to show products and services in very positive light and the readiness of 

products in practice remained unknown. This is the most important factor 
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that must be considered to decrease the level of reliability and validity of the 

research. Also according to qualitative study nature, organizations were 

chosen because they were known to have state of the art Industrial Internet 

services available. Undisputed conclusions of overall competitive situation 

with digital services in the market can’t be made according to this research. 

Organizations are also not direct competitors within each other. This means 

that only preliminary conclusions can be made of information related 

products and services available on the market. In reality case organizations 

may have significant competitive advantage through differentiation with 

digital services against their actual rivals.  

 

Researcher himself has worked over five years with Industrial Internet and 

has close relationship to Case Company Ltd. This must be taken into 

consideration in reliability discussions of the research. Researcher’s 

expertize may help in conclusions and improve validity of results but on the 

other hand, he might have presumptions that limit or corrupt the conclusions 

of the analysis. 

 

Case Company Ltd. had also organizational changes during the thesis 

project. None of the original people who were working in Industrial Internet 

services in the beginning of 2015 were anymore in same position in 2016. 

In practice this gave a researcher a challenge where original requirements, 

given by Case Company Ltd., were not able to be followed throughout the 

process.  
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4 RESULTS OF THE STUDY 

This chapter has results of case company analysis. Chapter introduces 

each case company and its digital information related service offering first 

separately. Resource allocation trends of Case Company Ltd. are then 

analyzed from total perspective, annual perspective and finally from 

development category perspective.   

 

As said, empirical study consists of two main parts. First part analyses all 

case organizations and their Industrial Internet applications, technology and 

products. Other three case companies are chosen according to their 

operations in industrial B2B environment, which is similar with the Case 

Company Ltd. Other similarity is that their businesses have elements of both 

equipment manufacturing and service business. Organization size 

measured with business indicators such as turnover, profitability and global 

presence are relevant and nearly equal within all case companies. Materials 

and information of these organizations was collected through available and 

public corporate information and through case company relationships to 

other studied organizations.  

 

Second empirical part scrutinizes the investments that particular Case 

Company Ltd. has made during previous five years from 2011 to 2015. Data 

is gathered from case company’s agile development department budget. 

This precise department managed major share of Industrial Internet 

investments made during study years. Investment pre-study phase, where 

investment groups were established for allocations, was done together with 

the department development head. After total allocation creation, data was 

viewed from both time perspective and allocation category perspective to 

reveal possible trends throughout the years.  
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4.1 Case Company Ltd.  

Case Company Ltd. is a global industry leading group and provider of lifting 

equipment. In year 2015, the total amount of employees was roughly 12 000 

people. It has history which starts in the early 1900 when the first lifting 

equipment manufacturing plants were built. After the Second World War, 

company was relocated in Finland and it established some totally new BUs 

(Business Units), such as port and harbor equipment. In 1960s company 

started another of its main business areas; industrial services and at the 

same time it got listed in stock exchange. (Case Company Ltd. 2014) 

 

During early year’s business focused mainly to European markets and in 

1970s company started expansion of their businesses to new Business 

Areas in American and Asian continent. In the middle of 1990’s, the 

corporation was split to two separate companies and the Case Company 

Ltd. got its current form. Case Company Ltd. had expertize of the industrial 

lifting equipment when the separated part of the corporation started to focus 

on people lifting businesses. In year 2015 the company is active in almost 

50 countries with over 600 locations worldwide. (Case Company Ltd. 2014) 

 

Case Company Ltd. is providing lifting devices and equipment for various 

different purposes. The lightest equipment are designed to lift loads of few 

hundred kilograms, whereas the heaviest duty equipment can work with 

loads of hundreds of tons. From total annual turnover of over 2 Billion Euros, 

equipment sales is representing 60% of sales and service 40% of sales. 

Service and maintenance department and its technicians get nearly 2 Million 

service calls annually covering over 450 000 equipment of different makes 

with maintenance contracts. Estimated amount of case Company’s 

manufactured equipment is only 20% of the total amount of equipment 

under maintenance services. Major share, total of 80%, is service activities 

with other manufacturers produced equipment. (Case Company Ltd. 2014) 
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Customers of the Case Company Ltd. are working in wide scale of SMAs 

(Strategic Market Areas). Each has slightly individual requirements on both 

technical and business side and require specialized expertise. The most 

important customer SMAs for case Company are container handling, 

shipyards, waste-to-energy, pulp and paper, automotive, power, steel, 

general manufacturing, mining and petrochemical. (Case Company Ltd. 

2014) 

 

Corporate vision is the strategic approach to determine where the company 

is willing to be in the future. Case Company’s vision got revised in 2011 and 

the latest version has strong influence with information related Industrial 

Internet perspective. In practice the vision highlights the importance of the 

information, visibility and relationship between the customer operations and 

equipment. Through the visibility and information, the customer’s operations 

can stay more productive and the safest possible state can be achieved. 

(Case Company Ltd. 2014) 

 

When the vision is more like the long term target, companies usually set 

strategic goals which are more reachable and define a path towards the 

vision like status. Case Company Ltd. has three key strategic approaches. 

First of the strategies is a major project which simplifies the company 

internal IT systems. By enrolling this strategy, through ERP (Enterprise 

Resource Planning), CRM (Customer Relationship Management), SCM 

(Supply Chain Management) and variety of other sales system integration, 

the company targets to enhance the operational excellence and efficiency. 

The second strategic initiative is aiming to create the framework for 

company’s segment based product offerings. In this strategy the application 

and customer’s requirements define the offering content more than for 

instance the geographical location. Third key element and strategy is purely 

information related Industrial Internet. So, by taking the vision and one of 

the strategies under consideration, it’s relatively clear that Case Company 
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Ltd. is setting great amount of effort, investments and expectations towards 

these digitalized products and services. (Case Company Ltd. 2014) 

4.2 Case Company Ltd. Industrial Internet 

Case Company Ltd. is analyzed briefly by their offering of information 

related Industrial Internet services. Company has established a product 

portfolio around remote connections and condition monitoring. The suite of 

remote services and applications supports maintenance operations and 

lead improvements to gain better level safety and productivity. Company 

has tied these services around their business fundamentals, known as real 

time lifecycle care. (Case Company Ltd. 2016a) 

 

 

Figure 8. Customer portal (Case Company Ltd. 2016b)  

 

Remote monitoring service uses sensors and diagnostic units to collect 

information out of machine. Information is categorized to production related 

information such as running time, work cycles and motor starts, safety 

related information such as overloads, over temperatures or emergency 

stops, and as third category designed lifetime information of remaining 

service life calculations. Focus is on finding anomalies, patterns and 

behavior trends. (Case Company Ltd. 2016c)  
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Remote Support service enables around the clock access to global network 

of specialist in case of equipment malfunction. These experts are able to 

provide problem solving and troubleshooting service from distance. Target 

is to get equipment back to action as soon as possible. The benefit for the 

customer is obvious saving through minimized downtime. (Case Company 

Ltd. 2016d) 

 

Case Company Ltd. has developed a customer online portal where usage 

data, asset details and maintenance information can be viewed by customer 

on a chosen time interval. Information can be analyzed by singular 

equipment at a time or by looking a bigger fleet and making machinery 

comparison. This information is a key to consultative approach which can 

help to guide customer decision making. Conclusions according to data are 

made in for example following areas; regulatory compliance, record 

keeping, maintenance planning and prioritization, spare parts supply, 

equipment utilization, operator training and capital expenditure planning and 

justification. (Case Company Ltd. 2016e)   

 

 

 

Figure 9. Case Company Ltd. Industrial Internet (Case Company Ltd. 

2016f)   

 

Production efficiency is the third application in Case Company Ltd. digital 

service portfolio. System is designed to measure equipment overall 

efficiency and provide the information fast and accurate. System logs real 
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usage data through remote connection and provides the information to 

customer for further decision making. The key is in minimization of idle time, 

adjustment times and stoppages of production equipment. Information is 

available in the same customer portal as other remote monitoring data. 

(Case Company Ltd. 2016g) 

4.3 Case KONE 

Property owners and developers are continuously seeking new solutions to 

ensure that people can move around buildings as quickly, as safely and as 

comfortable as possible. Kone Corporation has establish their own 

technology and product portfolio, known as People Flow Intelligence, to 

answers to these requirements. PFI (People Flow Intelligence) system 

comprises solutions for access and destination control. As well as 

information communication and equipment monitoring. (Kone Oyj 2015) 

 

 

Figure 10. KONE People Flow Intelligence (Kone Oyj 2013) 

 

First of the four Kone Oyj. Information related Industrial Internet applications 

is system called Access. System enables an access control method, which 

is possible to be integrated with the elevators, turnstiles and building doors. 

Using an access card, users can move securely to their destination. Kone 

supplies all required elevator group controllers, control panels and card 
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readers. Turnstiles can also be integrated together to elevators with DCS 

(Destination Control System). Required intelligence, computer system and 

network infrastructure is provided by the supplier. Access system is possible 

to be integrated to existing building control systems, which is important in 

case of modernization projects. (Kone Oyj 2015) 

 

The DSC, as the second part of KONE People Flow systems, is developed 

for elevators. It will identify the users and guide them to most appropriate 

elevator. This way crowded cars and unnecessary stops can be avoided. 

System has an operating panel interface with which the users will select 

their destination floor already before the ride. Kone Oyj. provides also a 

smartphone application that allows users to make personalized elevator 

calls from anywhere inside the building. (Kone Oyj 2015) 

 

KONE Information Solutions is a dynamic information screen integrated to 

the elevators and turnstiles. The screen provides wanted multimedia, 

guidance and other web-based information to tenants travelling through the 

building. Information screen has a standard version where no remote 

connection is available and updates are done manually. For enhanced 

customers Kone provides premium version of information screen, which 

allows a variety of content and information to be updated remotely or 

through a local PC. (Kone Oyj 2014a) 

 

From Industrial Internet perspective the Monitoring solutions create 

probably the most interesting approach. KONE E-Link is an elevator and 

escalator monitoring system that enables usage, status and condition 

information of one or several buildings to be monitored from one single 

location. It is facilities management tool, which is designed to help in service 

quality and well as in reliability and efficiency of elevators and escalators. 

The E-Link system utilizes the buildings LAN (Local Area Network) through 

which the connected equipment can be monitored and managed by using 

graphical software running on a standard PC (Personal Computer). Maps, 
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aerial photographs and other building layouts can be found from the system 

and deviations from normal situation can be seen immediately. System 

provides also real-time traffic monitoring which makes it possible to stay on 

track with equipment usage levels even in large and complex buildings. 

Playback option can be utilized in case of vandalism, reported incidents or 

complaints by tenants. Software has possibility to export data to Microsoft 

Excel format. (Kone Oyj 2014b) 

 

 

 

 

Figure 11. KONE E-Link system interface (Kone Oyj 2009) 

 

Approximately half of Kone Oyj annual sales come from service and 

maintenance activities. They have established a service program called 

MBM (Modular Based Maintenance). The level of maintenance is based on 

the specific requirements of particular equipment type and detailed 

specification related to operating environment, country legislation and daily 

information of usage levels. Basic service content in this program has; 
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• actual maintenance tasks according to Kone standards 

• monitoring of voice and data communication 24/7 

• electrical notifications of engineers visits 

• access to 24/7 customer care center 

• emergency 24/7 on-call service at standard rates 

• recommendations related to general repairs, changed legislation or 

regulation or lifecycle management (Kone Oyj 2014c) 

 

Higher level and more advanced service programs include special customer 

experiences such as KONE eOptimum maintenance service. It provides 

online maintenance reporting for elevators, escalators and automatic 

building doors. Real-time reporting of the system enables information of the 

equipment status and visibility to the service intervals. Also service request 

can be registered in online portal. Customers can monitor routine 

maintenance visits, such as safety and inspection visits, as well as history 

reports of service requests, repairs and invoicing. System has possibility to 

adjust the information according to certain equipment and certain time 

period. All information can be viewed directly from online interface or saved 

and printed out for archiving. (Kone Oyj 2008) 
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Figure 12. KONE Online customer interface (Kone Oyj 2008) 

 

Monetary information is powerful in accounts ledger, invoicing or budgeting 

purposes. User can see at a glance how much has been spent on planned 

maintenance compared to unexpected work resulted from breakdown 

situations. With the use of this information future budgets for maintenance 

and modernizations are more accurate and correlate better with reality. 

(Kone Oyj 2008) 

4.4 Case Wärtsilä 

Wärtsilä is a Finnish company focusing on manufacturing and services in 

complete lifecycle of powering solutions for marine and energy markets. In 

year 2014, Wärtsilä’s net sales was annually around 5 billion Euros and it 

had little less than 18 000 employees. Wärtsilä truly has a global business 

presence due to its locations in over 70 countries, although the 

headquarters have remained in Helsinki. Three main business areas of 

corporation are Ship Power, Power Plants and Services. Strategic approach 
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is built around customer solutions’ environmental awareness and economic 

performance. (Wärtsilä Oyj 2015a) 

 

One of the Wärtsilä’s latest state-of-the-art business models is called DMP 

(Dynamic Maintenance Planning). This service model targets to provide 

many advantages compared to traditional calendar scheduled 

maintenance. DMP is based on CM (Condition Monitoring) system, which 

company has developed for its latest ship engines and thrusters. System 

provides operators a report of maintenance actions which can then be taken 

into prompt actions. Condition parameters are fed to the server where the 

data is manually by the experts in CM center. Recommendation for 

maintenance activities and risk assessments are made through brief 

analysis. DMP is a flexible maintenance schedule designed to extend 

service intervals and avoid excessive spare part consumption. Maintenance 

and activities in DMP model are then carried out in practice according to 

actual needs based on CM information, oil and fuel analyses as well as 

visual inspections. For example, thrusters for offshore vibrations and oil 

analyses are completed with WOIS (Wärtsilä Operator Interface System). 

(Wärtsilä Oyj 2015b) 

 

Engines and thrusters can have over hundred component level monitoring 

points. CM system provides then regular monitoring of these data points 

and enables solid basis for reliable enough analysis. The owner of the 

equipment such as ship, knows exactly in which shape his/her engines and 

components are. The actual analysis is made by CM team and submitted 

recommendations are given accordingly to maintain ideal running and 

operating conditions. Each equipment has certain design criteria for major 

overhaul. In Wärtsilä’s manufactured equipment those criterias vary 

between 24 000 and 36 000 hours for engines and 40 000 to 56 000 hours 

for thrusters. In realistic perspective the major overhauls are performed 

every ten years. (Wärtsilä Oyj 2015c) 
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Target of the DMP model and CM are to provide information that results to 

reduced operating costs. Wärtsilä claims that the annual savings can be up 

to 3% from reduced lubrication and fuel consumption and around 10% from 

reduced maintenance costs. Constant monitoring of components enables 

dynamic activities in case of decreasing performance level. On the other 

hand, service activities performed at the optimum time and level increases 

the component lifetime. One of the customer benefits is sure the reduced 

number of unplanned stops. Wärtsilä’s studies indicate that the DMP model 

can reduce unplanned maintenance up to 5% compared to traditionally 

scheduled maintenance. Major part of this reduction is due to indication of 

fault before it becomes too critical. (Wärtsilä Oyj 2015c) 

 

Wärtsilä installs much of the needed infrastructure and technology already 

into its equipment deliveries. This stands for numerous sensors in engines 

and thrusters. CM team can view and utilize the information in online 

interface, which acts as good ground for online support cases and customer 

feedback and reporting channel. Information transmission between the 

equipment and the CM databases are done via remote connections by 

utilizing satellite connections. Remote connection can be established also 

via mobile 3G (third generation mobile network) connection when available. 

Remote connection enables many minor maintenance work to be carried 

out by the vessel crew onboard. Certain major maintenance activities can 

also be performed by the crew with the help of Wärtsilä’s experts giving 

instructions remotely. (Wärtsilä Oyj 2014a) 

 

Technical management assures finally the transparency of the actions 

performed and common goals set between customer and Wärtsilä. These 

goals are updated and measured by KPIs (Key Performance Indicators). 

This process ensures transparency of business and communication 

between customer and Wärtsilä. As a result, reporting flow stays active and 

amount of missing information doesn’t become a problem. For example, 

spare part consumption can be estimated and budgeted beforehand. 
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Needed parts are then invoiced according to real condition and 

consumption. (Lus 2011) 

 

 

FIgure 13. Wärtsilä Online Services (Wärtsilä Oyj 2015d) 

 

In year 2015, Wärtsilä published the state of the art customer online 

interface called Wärtsilä Online Services. Their approach is to provide 

customers a one stop information shop concept for all requests related to 

for example spare parts and consumables. Online service is active on 24/7 

basis. Via online services, customers can get also proactive screening and 

analysis, which is shared with relevant stakeholders for initiating and 

facilitating improvement and development for customer’s equipment. On-

site technical problem solving and deeper technical investigations are also 

available in technical support offering and well as online troubleshooting via 

possible remote connections. Online interface acts as a good channel to 

provide information also in different type of installation performance 

evaluations, which Wärtsilä provides to their customers. (Wärtsilä Oyj 

2015d) 
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FIgure 14. Wärtsilä PCMS system (Wärtsilä Oyj 2014b) 

 

In 2014, Wärtsilä was the first company in the world to receive service level 

recognition for its PCMS (Propulsion Condition Monitoring Service). 

Recognition was given by three of the major classification societies; the 

American Bureau of Shipping, Lloyd’s Register and DNV-GL. PCMS 

eliminates the need for the compulsory five year inspection, which typically 

requires a vessel to do dry-docking. With this continuously monitoring 

system, major overhauls can be carried out between 5 and 10 years 

according to real condition information. Aim is to reach significantly lower 

overall lifecycle costs. Recognition confirms that Wärtsilä’s PCMS is well 

suited for its intended purpose of condition monitoring and condition based 

maintenance. (Wärtsilä Oyj 2014a) 

4.5 Case Caterpillar 

Caterpillar is a multinational corporation from United States of America. It is 

one of the world leading equipment manufacturer for construction sites and 

mining industry, but also manufacturer of diesel engines and natural gas 
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engines and other type gas turbines for several different type of industries. 

Caterpillar has developed the system called Cat Product Link and launched 

it to the markets in year 2013. It is a system that enables equipment 

information via remote monitoring and helps to keep track on equipment 

health and maintenance schedules. (Caterpillar Corporation Ltd. 2015a) 

 

We shall first investigate briefly their offering in diesel engine manufacturing 

and service perspective. Caterpillar is providing solutions called Remote 

Analytics. The focus of the system is on four cornerstones; improvement of 

productivity, sustainability, safety and equipment management. (Caterpillar 

Corporation Ltd. 2015b) 

 

System works in practice in the way that equipment, such as diesel engine, 

is monitored automatically. As a fundament, data is gathered and send off 

the equipment or vessel. Then team of experts, which Caterpillar calls 

“asset intelligence”, uses automated analytics, which is combined to 

personal expertize to identify potential issues and create an instructions for 

advisory. At second, an expert called fleet advisor, communicates 

maintenance and operations instructions and advisory to the field service 

personnel, which in Caterpillars case are usually provided by local dealers. 

At third, repairs and actions are conducted, by service personnel, when it is 

the most suitable and convenient time for the customer. (Caterpillar 

Corporation Ltd. 2015c) 
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Figure 15. Caterpillar remote analytics theme (Caterpillar Corporation Ltd. 

2015d) 

 

In addition to diesel engine Remote Analytics, Caterpillar has developed a 

system called Product Link. Product Link is a wireless system with which 

the monitoring of the equipment fleet is done through an online interface. 

The products in target are construction equipment such as escalators and 

bulldozers. Information focuses on condition and status of the fleet, 

diagnostic codes and health indicators. In long perspective, target is to 

complement preventive maintenance planning with the provided 

information. Solution can track and alert if machines operate beyond owner-

identified time configurations or when machines move in or out of virtually 

created geographical fences. (Caterpillar Corporation Ltd. 2015e) 

 

Customer information in online interface focuses on four information 

modules. First module and view is comprehensive fleet management which 

allows users to see the status of their fleet with one glance. Information 

consists of production information, such as in usage or out of usage, and 

information of service needs for certain equipment. Second information 

module is more detailed asset management which allows users to look at 
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the detailed condition of certain singular equipment. For example fuel 

efficiency, worktime versus idle time and upcoming service needs. The third 

module of information timely maintenance management. With information 

available in that online view, customers can plan and track the maintenance 

activities. Caterpillar has recommended service intervals and schedules 

suggested as preliminary information in the system. Customer can adjust 

the needs of maintenance to suit the best their purposes. In case of a 

breakdown situation, system allows quick access to contact details for 

nearest Caterpillar service and maintenance personnel. Also historical 

maintenance data is available to optimize the level of service actions, which 

in practice stands for avoidance of maintenance performed too often or too 

rarely. The last online view is display for alerts and notifications. This 

information consists of operator generated errors, service alerts and GPS 

(Global Positioning System) tags that pinpoint alert locations and other site 

related issues. These alerts can be sent to dedicated people via email 

and/or SMS (Short Message Service). (Caterpillar Corporation Ltd. 2014) 

 

 

Figure 16. Caterpillar Product Link online interface (Caterpillar Corporation 

Ltd. 2015f) 
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In addition to information available online, the online system acts as 

customers’ administrative platform for so called Geofencing feature and for 

spare part orders. Caterpillar provides possibilities to modernize equipment 

from different makes to Product Link system. (Caterpillar Corporation Ltd. 

2014) 

 

 

Figure 17. Caterpillar Product Link fleet view (Caterpillar Corporation Ltd. 

2015g) 

 

The technical solution and enabler of Product Link system is presented in 

the following figure 18. Caterpillar machine systems with Product Link.  
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Figure 18. Caterpillar machine systems with Product Link (Caterpillar 

Corporation Ltd. 2015h) 

 

Caterpillar corporation business includes variety of interest groups such as 

licensed local dealers and maintenance providers. Caterpillar offers through 

its network of dealers a variety of remote monitoring technologies. One of 

the latest technologies is Caterpillar Remote Monitoring and Control 

System. This technology is specially designed to follow the condition 

information of equipment power generators. In practice, the status of 

multiple engine operations and indications such as cooling systems, oil level 

and oil pressure can be monitored remotely. Also equipment battery status 

can be seen. System sends information via satellite of mobile network to 

data servers from where Caterpillar dealer experts analyze the data. Field 

service personnel can be notified when problems are detected. Finally 

service personnel visit the customer and equipment if needed. (Caterpillar 

Corporation Ltd. 2015i) 

4.6 Total resource allocation in Case Company Ltd.  

Creation of digital services requires investments. At first, company must of 

course have knowledge, information and people to develop solutions. At the 



81 

 

 

second, companies must naturally reserve money to direct IT (Information 

Technology) investments. 

 

To enhance the understanding of requirements for new technology enabled 

features, the Case Company Ltd. resource allocation is investigated. Case 

Company Ltd. has minor development department with approximately 8 

development engineers. This department is separated from main R&D 

department and it focuses on agile development for digital services. Long 

term resource allocation and budgeting is done together with corporate R&D 

department and rigid waterfall models, but the short term development can 

happen quickly. This is quite typical business model in the industrial sector.    

Investigation is done by looking at the budget and resource (euros) 

allocations from the past 5 years; 2011, 2012, 2013, 2014 and 2015. The 

numbers from four first years present the actual investments and the 

numbers of last year 2015 present partially budgeted figures. The 

assumption is made that all the resources which were budgeted, were also 

used during the end of that year.  

 

To retain the business advantages of the Case Company Ltd. investments, 

figures and numbers in y-axis scale are shown in relative perspective. This 

is implemented so that the biggest value gets the number of 100 and the 

rest of the values are relatively set to proportion of that 100. This way the 

changes and trends can easily be interpreted.  
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Graph 1. Digital service development investments 2011-2015 

 

The initial budget research is done by tracking which are the main areas of 

investments in Industrial Internet and digital services. Together with 

development department head the decisions was made to allocate 

resources (euros) to 7 basic cornerstones of development targets in digital 

services. The cornerstones aka. categories are defined as following;  

 

1. Remote connections 

2. Online customer 

3. Online administrative 

4. Predictive maintenance 

5. Modernizations and upgrades 

6. Component level monitoring 

7. Marketing and sales 

 

Remote connections stands for required IT infra, such as modem hardware 

and server development, which acts as a starting point for digital information 

related services. This technology enables the access to various information 

gathered from the equipment. Online customer refers to resources and 
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investments made to online systems that are visible for customers. 

Naturally, some part of customer online system is also in use of Case 

Company Ltd. personnel. That part of online system development 

investments, which is not visible directly to the customer but more an 

administrative side, is allocated to third cornerstone Online administrative. 

Very fundamental ideology of industrial services is predictive maintenance 

planning. Resources allocated into that area, are mostly development with 

different type of maintenance programs and algorithms to estimate the 

service needs and intervals. Industrial sector is quite fragmented with 

different manufacturers’ machinery. Case Company Ltd. had invested 

resources also to develop modernization and upgrade product for digital 

services. These investments are for example modernization installation 

packages for remote connections and allocated under modernizations and 

upgrades. Sixth cornerstone is component level monitoring. This stands for 

a technology that allows monitoring of the condition and status of certain 

component of the equipment. In practice it can be a simple sensor or more 

sophisticated diagnostic unit. Important factor is that it tracks the condition 

of certain component instead of the whole equipment. The last cornerstone 

was marketing and sales which included activities for product ramp-ups, 

marketing materials, sales trials, product trainings and other product 

presentation investments in roll-out events and customer meetings.  

 

As can be seen in graph 1. Total digital service development budget 2011-

2015, the annual development investment budget for 2015 was 32.8% 

higher than five years earlier in 2011. In relative scale this would stand for 

approximately 6.5% growth in investments year by year.  

 

Cumulative budget from all five years 2011-2015 is divided to seven major 

categories (graph 2. Total budget divided to categories 2011-2015). Remote 

connections infra, such as modem software, database construction and 

telecommunication gets a relative number of 62. Customer interface is very 

important to determine the need and other requirements and online 
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interface visible to the customers results the full number of 100. It is the 

biggest investment category with over 25% higher investments to the 

second biggest, which is online administrative work. Administrative gets the 

relative number of 76 from all five years together. Nearly the same level with 

online administrative development costs is spent to component level 

monitoring. Component level monitoring investment has relative number of 

72. Case Company Ltd. operates in environment where many equipment 

are manufactured by another company. Development for modernization and 

upgrade possibilities in digital services is five relative numbers smaller than 

component level monitoring ending up to 67. The last two smallest 

investment categories are predictive maintenance with relative number 37 

and marketing and sales with relative number of 10.  

 

 

Graph 2. Total budget divided to categories 2011-2015 

 

Marketing and sales investment figures have some inaccuracy due to 

changing scope of Case Company Ltd. cost allocation. The total figure has 

only data from years 2011, 2012 and 2014. During the years 2013 and 2015 
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the budget was allocated through different department and information is 

unavailable for this study. In relative scale, and by taking estimates of 2 

missing years to calculation, the balanced number would be 40% bigger and 

resulting relative number of 14. This has only a minor impact to the total 

investment allocation and marketing and sales category remains as the 

smallest investment category. Case Company Ltd. does main part of its 

marketing activities through specialized marketing department and due to 

this, the total marketing investments of this agile development department 

are relatively low.  

4.7 Annual investment allocation 

The planning of digital service development in Case Company Ltd. started 

already in early 20th century. The agile development department, into which 

this study focuses on, was established on 2010. The first full year of action 

was 2011 and since then the personnel and management has remained 

nearly the same. Next graphs will illustrate how the investments allocated 

inside certain year to these seven main categories described in previous 

chapter of total investment allocations.  
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Graph 3.  Investment allocation in year 2011 

 

As 2011 being the first official year of agile digital service development 

department, the major part of investments were made to fundamental 

Remote Connection category. This category sets the relative number 

benchmark to 100. The second biggest investments were made to online 

administrative work with the relative number of 67. Online customer 

investments reach the level of 63. These three categories together make 

significant share of all investments of 2011, which can be seen clearly from 

graph 3. (Investment allocation in year 2011). Modernizations and upgrades 

have relative number of 32 and predictive maintenance investments 14. 

Marketing and sales have relative number of 24 but the component level 

monitoring investments were not made. Component level monitoring has 

relative number 0.  
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Graph 4. Investment allocation in year 2012 

 

Second year of development allocated investments to categories where 

investments to predictive maintenance programs and process was the 

highest investment. It is 20% bigger than the second biggest investment 

target, which was modernizations and upgrades with relative number of 80. 

Remote connection infrastructure was still in scope and got investments 

worth relative number 68 whereas component level monitoring investments 

grew from previous year zero to level of 48. Online administrative 

requirements had relative number of 41 and customer side investments 

relative number of 31. Smallest budget was for marketing and sales with the 

relative number of 9. 
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Graph 5. Investment allocation in year 2013 

 

Year 2013 total investment allocation was approximately 10% higher than 

in the first year of 2011 but almost at the same level compared to previous 

year 2012 (see graph 1. Digital service development investments 2011-

2015). The biggest investments were made to modernizations and upgrade 

category which set the relative investment benchmark for the year. Online 

administrative development had the second biggest investment costs with 

the relative number of 76. In year 2013, these two biggest investment 

categories used the major share of all investments budgeted for the year. 

Almost in the same level were component level monitoring with number 46, 

predictive maintenance investments 40 and online customer side of 

investments with relative number of 38. The last piece of investments with 

relative number of 15, was used to remote connections. In year 2013 the 

agile development department did not do any investments for marketing and 

sales category.   
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Graph 6. Investment allocation in year 2014 

 

The total investment budget for year 2014 was 4.3% higher than previous 

year 2013. Allocation was divided mainly into two categories. The biggest 

investments were made to online customer for the first time during four 

years of ongoing development. Component level monitoring continued to 

have a big share of annual investments with the relative investment number 

of 82. Online administrative relative investments share came down from 

previous year 76 to number of 51. Modernization and upgrades together 

with remote connections fundamental development had together the 

relative investment number of 59. Modernizations and upgrades had slightly 

biggest share with relative number of 33 and remote connections one fourth 

of the biggest online customer with number of 26. Minorities were covered 

with predictive maintenance investments of relative share 3 and marketing 

and sales with relative number 8. After three previous years of heavy 

investments to predictive maintenance, in this year 2014, the investments 

to this category became down significantly.  
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Graph 7. Investment allocation in year 2015 

 

The trend to invest to customer continued during the last year 2015 of 

research data. Investment allocation to online customer had biggest share 

for two years in a row. Customer category sets the benchmark for the next 

biggest investment of component level monitoring with relative number of 

65. This investment is although 35% smaller than investments to actions 

directly visible and related to customer. When counting together online 

administrative development investments with relative number of 40 and 

fundamental remote connection investments with relative number of 30, 

only minor investments were made to smallest three categories. 

Modernizations and upgrades had the biggest share with number 15 

whereas the smallest investments were made to predictive maintenance. 

Marketing and sales category had no investments made by agile 

development department for the year 2015.  
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4.8 Category investment allocation 

Total amount of investments to seven different categories differentiates 

between each category as can be seen in graph 2 (Total budget divided to 

categories 2011-2015). Total budget divided to categories 2011-2015. Also 

annual investment variation inside certain category exists. Budget changes 

inside certain category is presented in graphical form with the same 

ideology as previous graphs. The biggest investment share is always scaled 

to 100 and the other investments get the relative number compared to 100 

benchmark.  

 

  

Graph 8. Investment allocation for Remote connections 

 

First category, Remote connections, consists of fundamental IT 

infrastructure. In practice this stands mainly for modem models, database 

structures, telecommunication hardware and off course all necessary 

software development. During the first full year of development 2011, 

investments to this category were in the biggest level and next year 2012 

following with the relative number of 60. Year 2013 was the smallest year of 

investments with only relative number of 17. In year 2014 investments 
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increased slightly to level of 30 and for final year 2015, the relative number 

was nearly the half of the first year number, resulting 48.  

 

 

Graph 9. Investment allocation for Online customer 

 

Investments focused directly to the category, which were visible to the 

customers, increased throughout the time. The biggest relative share was 

for 2015 (benchmark number 100) and previous year 2014 25% less with 

relative number of 75. First three years altogether have the total relative 

share of 84. Biggest part of investments were done on 2011 with relative 

number of 40. In 2012 it was 18 and in 2013 it got number 26. The increase 

from 2013 to 2014 was nearly double and year 2015 continued the trend 

with over 30%.  
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Graph 10. Investment allocation for Online administrative 

 

Digital services require support and maintenance activities same way as 

any traditional service. Case Company Ltd.’s agile development department 

invested to support team, specialized to give assistance in digital and IT 

related problems. Main share of these investments were allocated to 

software tools and systems that the support team was utilizing. Personnel 

costs were not involved into figures. The biggest investments were made in 

year 2013. First year of full action in 2011, the relative portion of investments 

were in the level of 82. This is the second biggest year of administrative 

investments and 18% under the biggest year 2013. Two last years 2014 and 

2015 are almost in the same level. 2014 has relative number of 73 and 2015 

only few percentages higher with relative number 76. Administrative 

investments were smallest on the second year of action 2012, where the 

investments were less than half of the maximum year 2013 level. Year 2012 

has relative number of 44.  
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Graph 11. Investment allocation for Predictive maintenance 

 

As seen in graph 11 (Investment allocation for Predictive maintenance), 

investments to predictive maintenance was in the highest level during years 

2012 and 2013. Year 2012 had the biggest allocation and following year 

was already significantly smaller with relative number of 49. Other years had 

only minor investments. 2011 number was 16 and both years 2014 and 

2015 relative number 4.  
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Graph 12. Investment allocation for Modernizations and upgrades 

 

During five years, case Company Ltd. and its agile develop department 

invested to modernizations and upgrades related to Industrial Internet 

technology and services. During the year 2013 the allocation was in biggest 

level following with the second biggest relative number of 66 in previous 

year 2012. First year 2011 had relative number 29 and 2014 almost the 

same level with number 36. Smallest investments were made on year 2015 

when the share was only 21 compared to benchmark year 2013.  
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Graph 13. Investment allocation for Component level monitoring 

 

The second last category of Component level category had the biggest 

investment allocation in the last year of data 2015. Previous year 2014 

reaches nearly to the same level of investments with relative number of 94. 

Investments during years 2012 and 2013 are over 50% smaller than 

maximum year 2015. 2012 has relative number of 42 and 2013 number of 

48. During the first full year 2011, there we no investments made for 

Component level monitoring.  
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Graph 14. Investment allocation for Marketing and sales 

 

Marketing and sales investments were the smallest category, which can be 

seen also in total investments graph 2 (Total budget divided to categories 

2011-2015). Total allocations to this development category are only 10% of 

the biggest category of Online customer. In yearly basis, the biggest 

investments were made during year 2011 and the benchmark is set to 100 

level. Next year 2012 investments are one third of 2011 with relative number 

33. Year 2014 has relative number of 40 and during the other remaining 

years, 2013 and 2015, no investments were made to this category.  

 

Trends, relations and changes throughout the years of development 

investments are scrutinized and analyzed more in the following chapter 5. 

Implications of the study. 
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5 IMPLICATIONS OF THE STUDY 

In this chapter the study focuses on deeper analysis of the results of case 

study and development allocations. Target is to highlight the most important 

and remarking findings to create the basis for results and conclusions. First 

overall findings are made of investment allocations. Then case 

organizations are compared within each other according to marketing 

materials. Next chapter continue by adding resource allocations to 

comparison. In the final chapter of implications, study is focusing on a 

comparison of current theoretical understanding and the case study 

findings.  

5.1 What can be said out of investment allocation 

In five years period of Industrial Internet development, the total growth 

indicated clearly that resources increased every year. Total annual 

investments were over 30% bigger in year 2015 than in first year 2011. 

When considered the fundamental nature of business, it is crucial to develop 

products and services for customer needs. Case Company Ltd. has the 

biggest share of all investments made focusing on online customer 

category. This indicates that company was steering investment efforts 

towards customer. It is still impossible to conclude that will this customer 

approach lead to customer satisfaction. Figures don’t show if the 

development was done according to Case Company Ltd. own perspective 

or was the requirements truly according to customer wishes.   

 

Remote connections and online administrative categories create the IT 

backbone of digital services. The allocations to these categories was clearly 

bigger in the first couple of years, whereas allocations moved to sales and 

customers side in the last few years. For example remote connection 

category had the biggest share in year 2011 and online customer in year 

2015. As a conclusion, it can be said that organization developed quite 

rationally its Industrial Internet by starting from fundaments and not rushing 
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into sales too early. This is very important finding because markets are 

always profitable to the player who make the state of the art services first 

available to the customers resulting differentiation. The reason why such a 

thoughtful speed was implemented, may be that the company started to 

develop the digital services already before markets were familiar with 

Industrial Internet trend. In other words, Case Company Ltd. had a vision of 

business potential before competitors and may have been able to launch 

the products to the markets to create differentiation. To make absolute 

conclusions that differentiation really happened, we would need to analyze 

the sales figures after first product releases. And as we know, that's not in 

direct scope of this study.  

 

One typical scenario is that the trend itself changes during the time. 

Especially when the trend in questions is strongly to information and 

digitalization related Industrial Internet trend. One interesting finding to 

prove this statement to fact can be seen in investment allocations to 

predictive maintenance category. After the first year 2011, years 2012 and 

2013 investments to predictive maintenance were highest. These two years 

represent over 85% of total investments to this category. Last two years 

instead have very little amount of resources allocated to predictive 

maintenance. There are two possibilities to explain why this happened. First 

possible scenario is that the predictive maintenance programs and products 

became fully ready. The second possibility is that the trend and 

requirements changed. To make precise conclusions what really happened, 

the sales and market reactions need to be investigated in more detailed. 

Hypothesis is that, if Case Company Ltd. would have received competitive 

advantage through differentiation by predictive maintenance, it would not 

have been continuous competitive advantage because investments 

decreased so radically already in 2013 and no major investments to further 

development was done. If trend changes during the time, the focus must 

find new area. There is very potential indication that Industrial Internet focus 

changed to component level monitoring category. This stands for a change 
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from more wide and business related perspective to more technical and 

detailed area. In practice investments made to component level monitoring 

increased steadily through all five years ending up to biggest share of 

resource allocation in 2015.  

5.2 Comparison of companies 

Kone Oyj is seen very mature with its People Flow Intelligence system. One 

of the reasons must be that emergency phones and connections lines are 

mandatory in elevators according to most countries’ laws. This has enabled 

the company to develop technology for equipment monitoring and utilize the 

data in different type of services for some decades. This fundamental 

technology has enabled Kone to continue development of many interesting 

application related to people movement, such as Destination Control 

System through personal ID cards. Kone is obviously approaching Industrial 

Internet from both user experience perspective by offering direct services 

for end users and also creating a back office system to support their service 

business (B2C and B2B). This back office system was called E-link and it is 

managed mainly by Kone trained professionals. Investments to graphical 

interphases, for both internal and external users, are obviously high and end 

result from user experience perspective according to materials seems very 

attractive.  

 

Wärtsilä is working mainly on a B2B markets where it has not direct end 

customer interface. Wärtsilä’s customers are bunch of vessel owners and 

operators more than individual people. Their Industrial Internet solutions 

called DMP and CM are mainly designed for back office people and 

utilization requires cooperation with Wärtsilä experts. Although, their online 

service interface, which was published in the beginning of 2015, shows the 

high standard of user friendliness and web design. Wärtsilä’s solutions 

differentiate from other three case companies by their high technology 

approach. PCMS system designed for propulsion devices, enables variety 

of component level sensors for condition monitoring. Availability plays major 
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role in equipment fleet and all technology is prepared for around the clock 

support.  

 

The third studied case organization, Caterpillar from United States, seems 

to have an approach between Kone and Wärtsilä. The nature of their 

operations is mainly B2B but sure has higher number of equipment fleets 

than in marine sector. Caterpillar products are mostly driven by people. This 

creates similarities with Kone products and services. Interestingly 

Caterpillar offers modernizations packages also for other type than 

construction equipment, which is their core business. It is advertising 

condition monitoring possibilities also for marine industry, which again is 

Wärtsilä’s home ground. Caterpillar selection of Industrial Internet products 

and services was most fragmented due to the reason that it operates mainly 

through local distributors. These distributors seem to be able to decide 

which service they are providing and even develop locally some new 

technology.  

 

According to information and analysis of three example case companies 

and Case Company Ltd. investment allocation, the following Industrial 

Internet products/categories are clarified to be common between 

organizations. These categories follow the categorization of Case Company 

development allocations: 

 

• Online customer portal 

• Remote connections 

• Component level condition monitoring 

• 24/7 Support  

• Predictive maintenance programs  

• Modernization or upgrade possibilities 

 

In addition two slightly less significant features of Industrial Internet are 

presented for comparison; GPS coordination and customer interface via 
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smart phone application. These categories and features can be seen in 

following table 2. Comparison of Industrial Internet solutions.  

 

 

 

Table 2. Comparison of Industrial Internet solutions 

 

Two of the main features, online customer portal and pure technical solution 

remote connections, are available in all companies offering. As an indirect 

conclusion, it can be assumed that there are also competitors in precisely 

same industry who are able to provide these features and services. Uptime 

is very important in industrial sector, which is obvious when three out of four 

companies are offering real time 24/7 around the clock services. It is 

important to realize that in this category all 24/7 type services, which are not 

based on real time connections or real time troubleshooting, were excluded. 

For instance, 24/7 support phone line and helpdesk services that only 

receive the query but is not able to start actions immediately, did not fill 

requirements. As a result, all above mentioned features are very standard 

and may not result a significant competitive advantage through 

differentiation.  
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Five remaining Industrial Internet and digital service categories; component 

level condition monitoring, predictive maintenance programs, modernization 

and upgrade possibilities, GPS coordination and application for smart phone 

use were each presented in two companies offering. Kone and Case 

Company Ltd. had both two out of these five remaining categories available. 

Wärtsilä and Caterpillar had both three features out of five. As a result the 

case organization under investigation could still find areas for further 

development. Highlighting for example predictive maintenance programs, 

which got major share of Case Company Ltd. development investments in 

years 2012 and 2013, but never seem to be finalized into real product and 

services.  

 

To clarify the overall level of digitalization in each company, the situation is 

portrayed according to their available product and service offerings. Case 

Company Ltd., Kone and Wärtsilä got all five categories available out of all 

eight possible categories. Caterpillar is the only company that has six 

categories available. As an implication, it is interesting to find out that the 

company which has the most fragmented organizational structure with huge 

amount of local and independent distributors, has been able to develop 

Industrial Internet related digital services the most with six available 

categories. The level of uncertainty of this conclusion sure exists because 

in the study it was not possible to deeply analyze the actual readiness of the 

service. As stated earlier, results are based on the marketing materials, 

which the company has made available online and public.  

 

Case Company Ltd. possibilities to gain competitive advantage on technical 

side would be to focus on information related to GPS coordination and 

information sharing via smart phone applications. In business and process 

side, the predictive maintenance area, which has already been under 

development some years ago, could be missed opportunity.  
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5.3 Resource allocation and comparison 

One of the main criteria to define the accuracy of the analysis is the time 

frame. Resource allocations are scrutinized during five years period from 

year 2011 to year 2015. In practice this means that there are no precise 

information available when Industrial Internet related technologies, product 

and services were actually launched to the market. The first company 

bringing new solutions to the market will naturally gain the most of the 

competitive advantage through differentiation.  

 

Kone Oyj seem to be one of the first players to provide digital services. The 

earliest sources and materials found online were already from year 2008. 

This year Kone introduced the E-optimum services. This was significantly 

earlier than Case Company Ltd, which was able to launch the first versions 

of digital products and services during years 2011 and 2012. Caterpillar Ltd. 

and Wärtsilä Oyj started most likely their development after Kone Oyj and 

Case Company Ltd. and introduced their online services to the markets 

during years 2014 and 2015. Nevertheless, it is clear that often new 

businesses are introduced first to niche and pilot markets to test the 

business concepts. The materials and terminology product launch in this 

study, refers to wider scale markets for example to multiple countries or 

even international scale. 

 

Resource allocation figures are clearly showing that the first years 2011 and 

2012, Case Company Ltd. invested heavily to the following categories; 

remote connections, online administrative and preventive maintenance. 

Company brought also the first Industrial Internet related services to the 

market roughly during these same years. At that time this company was one 

of the first players with these services and sure gained some advantage 

through differentiation. These investments started to build so called 

fundament of IT architecture that enables further utilization of Industrial 

Internet information and applications.  
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An organization may use a strategy where it brings partially ready products 

and services to markets on purpose. With this method customers can be 

used as co-developers and co-designers (Jurvansuu & Belloni 2013). 

According to analyzed data it takes minimum one year to develop certain 

product or service and launch it on the market. Case companies may have 

tried this risky strategy when considering how many digital service 

categories they had launched as products but how little detailed information 

was available out of those. Good example is component level condition 

monitoring, which is able to provide significant amount of information, got 

biggest investments during years 2014 and 2015. Quite interestingly 

according to marketing materials, it was already advertised as fully ready 

and available product or service in 2015.  

5.4 How major investment areas differentiate case companies? 

It is impossible to make an absolute conclusions how Case Company Ltd. 

is differentiating itself from the competitors in exactly the same industry 

area. Although, the comparison to three other companies with similarities in 

culture and strategy, gives indications which areas of Industrial Internet has 

been in focus during the last years. Here we focus to highlight some of the 

most significant implications.  

 

Case Company Ltd. has launched several categories of digital services and 

utilizes those against competition in markets. It is one of the main providers 

and leading players in areas of component level condition monitoring and 

modernization or upgrade possibilities. Modernization possibilities had the 

major share of investments few years ago but component level monitoring 

is still growing its share of investments. This may result continuous 

competitive advantage during next years when considering that other 

players are still developing the fundamentals of these solutions.  

 

Recommendation for the Case Company Ltd. would be to further investigate 

the customer needs in this component level monitoring area and expand the 
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research to competitor study. There is always a risk that the first solution 

provider is not able to fulfill the customer needs with 100 percent and 

competitors benchmark the state of the art solutions fast. This enables other 

players to enter market right in the next wave with enhanced solution and 

content that may suit even better for customers’ needs. 

 

Previously in chapter 2.5 Competitive advantage through differentiation, the 

study introduced four fundamental strategies to compete on the markets. A 

very clear conclusion is that case company is not focusing on cost 

leadership or cost focus strategies (Yamin et al. 1999) because total 

digitalization investment allocation grew significantly bigger throughout all 

five years. The strategy is obviously more in differentiation side. This is very 

important to notice because the preliminary assumption was that Case 

Company Ltd. is currently one of the market leaders in providing Industrial 

Internet related products and services. Although, one of the comparison 

companies (Caterpillar) was proven to fulfill slightly more categories in its 

solution offering.  

 

When such a many Industrial Internet categories were equally provided by 

organizations in this research, a discussion of further strategies to gain 

competitive advantage remains open. According to Porter’s economics 

(Porter & Millar 1985; Porter & Heppelmann 2014), an organization can 

choose the focus towards either vide market scope or niche market scope. 

When the development of past five years steers to such many similar 

categories, a conclusion may be that Case Company Ltd. should invest to 

the development more on niche markets instead of common digital services, 

which may soon be more an industrial standard than enabler of 

differentiation. When situation is analyzed again in year 2015, can be seen 

that remote connections and required IT infrastructure has become quite a 

standard in the Industrial Internet market. Obviously companies have been 

switching the development scope to new technologies such as component 

level condition monitoring, which was one of the biggest resource allocation 
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categories in Case Company Ltd. during years 2014 and 2015. This was 

one of two categories that still differentiated the case companies from each 

other. Only two case companies, Wärtsilä Oyj and Case Company Ltd., 

provided component level monitoring in year 2015.  

 

Some confliction in conclusions also exists. Case Company Ltd. made 

resource allocations to predictive maintenance programs category already 

in the first years of development. Also as can be seen in predictive 

maintenance theories (Lee et al. 2015; Mobley 2002; Mäki 2000) the 

concept is known already from the end of 19th century. A result, that by year 

2015, Case Company Ltd. has not launched any actual products or services 

is conflicting with resource allocations. Case companies Kone Oyj and 

Wärtsilä Oyj have both commercially launched these type of services during 

the past years. Case Company Ltd. has not invested almost at all to this 

category in 2014 and 2015 although heavy resource allocations were made 

in 2012 and 2013. As a conclusions, this has probably been one of the most 

challenging Industrial Internet areas and has not lead to any success in 

gaining competitive advantage through differentiation. Reason might be that 

predictive maintenance is more an ideology how organization operates than 

a simple technology.  

5.5 Results versus existing knowledge 

When we start comparing the known literature of Industrial Internet to the 

findings of this research, the fundamental statement of market change is 

seen relevant. Jeremy Rifkin (2011) among other researchers have 

predicted already years ago that rules of the economy and customer needs 

are changing. Natural resources, such as oil, have significant price changes 

on the market and digitalization becomes more and more part of everyday 

life. Cheap computing power has reached also industrial sector just like Jon 

Bruner (2013) and Xia et al. (2012) defined in their articles. The biggest gap 

between conceptual predictions and reality seems to be in the automated 

intelligence and software to utilize big data. Bruner’s (2013) findings 
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highlight the importance of being able to analyze massive amount of data 

with very minor costs. This automatic interpretation of data is seen crucial 

also by Simon Jagers (Industrial Internet Now 2016b) but in reality it is not 

so much utilized with the case companies. Half of the case companies (2 

out of 4), had component level monitoring as a part of their Industrial Internet 

application portfolio, but there was no clear sign that these companies would 

have automated intelligence to scrutinize the big amount of data that 

becomes available. It may be justified to say that efficient decision making 

out of big data is eventually possible only with utilization of automation and 

algorithms just like Mukhopadhyay & Suryadevara (2014) presented. 

According to marketing materials, case organizations highlight condition 

monitoring information as basis of efficient decision making. Although, it 

remained unknown if the analysis of information was done automatically or 

manually. The challenge seems to be existing also by looking results of 

Case Company Ltd. resource allocation. Results showed that organization 

invested to predictive maintenance category heavily some years ago but 

never launched any products or services related directly to it. If decision 

making algorithms existed, they probably did not work reliably enough.  

 

Quite clear conclusion according to case study is that condition monitoring 

and predictive maintenance are fundamental parts of Industrial Internet 

scene according for example Rao (1996) and Slama et al. (2015). Condition 

monitoring as an ultimate information source and predictive maintenance as 

ideology how to utilize this new information. As an example, all case 

companies had remote services in their offering portfolio to transfer and 

save collected information. Slama et al. (2015) share a very concrete and 

interesting vision how traditional manufacturing will change toward service 

business. Products will be packed together and turned into solutions, 

traditional transaction based operations will change to relationship based 

operations and asset lifecycle management becomes valuable. This can be 

proven to be correct. All case companies have for example an online 

customer portal to strengthen the relationship between these two parties. 
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Also case companies are using marketing literature such as “solutions” or 

“services” instead of traditional “products”. Smart phone apps, as the state 

of the art technology, just strengthen this presence of digitalization, although 

those were not available yet in all case companies. The most important 

finding when comparing the theoretic perspective and reality through case 

companies, seems to be that every player in industrial sector is targeting 

these value-added services to generate additional revenue. This is created 

though the new information provided by digital solutions and following by 

consultative suggestions with customers, just like Slama et al. (2015) 

indicate. In the simplified model, the value of information and conclusions 

out of it are more important when we are talking of industrial sector and high 

cost of asset downtime. This was studied also by Mobley (2002). All case 

companies highlight importance of downtime minimization, although service 

providers still need to automate some part of consultancy and data analysis.  

 

Productivity is understood as critical element in successful business and 

competition against rivals (Jurvansuu & Belloni 2013). Research results give 

indications that case companies promote these new digital services to be 

able to improve productivity. Still, according to materials and data which was 

analyzed, concrete examples were missing how this productivity increase 

will be implemented in practice. Downtime minimization was one thing that 

was very often mentioned and it sure has role in overall productivity. Case 

organization services, such as 24/7 on call troubleshooting services, can 

minimize the downtime and in that way result better performance. All except 

one case organizations promoted around the clock services. 

  

Importance of information availability is increasing as predicted by Fischer 

(2014). Two out of four analyzed case companies offered mobile phone 

applications for information utilization. Typically industrial sector has been 

operating in local area networks instead of public Internet but now trend 

shows towards open web applications. Easy and fast access to information 

becomes a benefit for the customer. Although, if interpretation of the 
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information happens also fast, the risks of unsuccessful decision making 

grows. (Sundmaeker et al. 2010) 

 

The biggest difference to Slama et al. (2015) findings are the concrete 

benefits of differentiation. As Gary Mintchell (Industrial Internet Now 2015a) 

states, the trend of Industrial Internet is moving with such a high pace, that 

new digital applications differentiate the company only for a short period of 

time. Is the length of this period long enough to create competitive 

advantage, that is hard to say. In overall perspective the case companies 

seem to have very much similar offering and it is understandable to question 

the factual benefits and advantages. This way diversity is not big enough to 

enable conclusions that differentiation (Smith 1956) in products and 

services would exist. 

 

With the case company material that was utilized in this research, it was 

impossible to get perfect view of internal organizational changes behind the 

digital offering. Slama et al. (2015) highlight that it may take years that 

organization can see the positive effects of this development fully leveraged. 

A good example in case companies was a category of predictive 

maintenance programs, which require fundamental changes in processes 

to be fully implemented just like presented by Lee et al. (2015). Two out of 

four case companies had been able to make this operational model 

available as an application or service. Case Company Ltd. had invested 

several year to this development but never yet made it as an available 

customer product or service. So, Slama et al. (2015) get support statements 

from this case study to the challenges they presented.   

 

Industrial Internet is in the heart of B2B. Gubbi et al. (2013) predicted few 

years ago that B2C market will first take advantage of new technology and 

digital services. The next phase is an expansion enterprise level and also 

Industrial sector. So far this has been mainly true but the case companies 

were chosen according to their presence in Industrial Internet forerunners. 
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It would be interesting to compare the amount of players in industrial sector, 

who have started investments to digitalization against the ones that have 

not. Gubbi et al. (2013) are expecting the plug and play style Internet 

solutions to become available after year 2020. Two out of four case 

companies in industrial sector are already providing modernization and 

upgrade possibilities. Although, year 2020 is not far away, there is a chance 

that these type of applications will become available even before. Again the 

significant speed of the development of Industrial Internet is justifiable. 

 

In the crux of the business concept of any product, service or solution, as 

we want in digital world to call them, is customer need. Researchers 

(McKinsey & Company; Rogelio & Kallenberg 2003) summarize the 

advantage of new information in so called optimization theory. Their 

research presents usage scenarios in e.g. process optimization or resource 

consumption. To be able to optimize these operations, bid amount of 

detailed data is needed. The practical implications of this are the component 

level monitoring solutions that half of the case companies (2 out of 4) had 

in their portfolio. Obvious contradiction is only in the level of qualitative 

utilization of this data. As mentioned earlier, none of the case companies 

highlighted automated data analysis, system algorithm or big data analysis. 

Therefore, in reality the benefits and usage scenarios presented by such 

researchers as Miorandi et al. (2012), Lopes et al. (2015) and Leminen et 

al. (2012) are implemented only partially.  

 

When looking deeper into technology, condition monitoring is seen as an 

important enabler of Industrial Internet. The important role of condition 

monitoring was analyzed already in the 90s by Rao (1996) and further this 

understanding has been strengthen by famous researchers such as Alan 

Davies (1998). The change of these applications in the latest decade has 

mostly been only on remote connectivity of condition monitoring devices. 

Very good indication of remote connections becoming an industry standard 

is the fact that all four case companies were advertising remote connections 
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as part of their solution offering. Kari Mäki (2000), who specialized in his 

studies to Finnish pulp and paper industry, was talking of subjective 

condition monitoring and objective condition monitoring. Objective condition 

monitoring being more accurate and providing better arguments to support 

decision making and actions. The implication of case company study shows 

that only two out of four companies were providing objective condition 

monitoring through component level monitoring. This means that another 

half of the case companies are offering more subjective condition 

monitoring. The way forward is naturally towards more objective condition 

monitoring. A counter argument to Davies’ (1998) and Rao’s (1996) studies 

of importance of condition monitoring is that could it be only objective and 

precise condition monitoring that matters. 

 

The key source of information and enabler of decision making according to 

many scientist seems to be condition monitoring (Rao 1996; Davies 1998). 

This information in used mainly to steer the maintenance actions and 

services towards predictive model. As Keith R. Mobley (2002) presents, the 

total costs of maintenance activities can be between 20 and 50 percent of 

all production related machinery costs. This share is very significant and the 

pressure to cost savings strives the development forward. Predictive 

maintenance is present in two out of four case companies’ solution offering. 

Science knows very much standardized models, such as Potential failure 

vs. Failure curve (Sun 2006). Information and data, which is collected 

through high quality condition monitoring, is used to implement predictive 

maintenance programs like presented by Sundmaeker et al. (2010). It can 

be said that theories in this area are mainly true and concrete examples 

seen in case companies’ predictive maintenance offerings. 

 

Some of the most significant findings were seen in diversity of case 

companies’ offerings of condition monitoring and predictive maintenance. 

All four case companies had different linkage between these two categories. 

First case company doesn’t have component level monitoring but has 
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predictive maintenance programs. Second company has component level 

monitoring and also predictive maintenance. The last two case companies 

neither have predictive maintenance but the other has component level 

monitoring and the other doesn't. Implication is clearly different than what 

Mobley (2002), Mäki (2000), Sun (2006) or Klutke et al. (2003) are showing 

in their studies. They believe that condition monitoring and predictive 

maintenance must be both implemented before utilization is possible. The 

reality, according to comparison of case companies, is not able to convince 

the important, necessary and natural linkage between condition monitoring 

information and predictive maintenance.  

 

Next we take a look deeper to the business perspective of Industrial Internet. 

Researchers Kortuem and Kawsar (2010) presented five business 

challenges in implementation of Industrial Internet applications. The 

common driver in these challenges seems to be synergy and understanding 

of different applications. When we compare this to the portfolios of case 

companies, we can clearly see that solutions available variate within case 

companies. There is not a single case company that would offer all the 

digital solutions that were analyzed in this study. As a result, it may be said 

that Kortuem and Kawsar (2010) hit the point in their challenge clarification. 

Leminen et al. (2012) build their research on top of these previous findings 

and highlights the importance of managerial actions. Case companies may 

have a problem that they are releasing new technology, products and 

services immediately when those get technically ready. The understanding 

of information and synergy of following conclusions can’t then be reached, 

which again, according to common literature, is a well needed and critical 

factor (Porter & Heppelmann 2014) for success and competitive advantage 

in a long run. 

 

All case companies have online portal designed to share and collect 

information for customer. None of the marketing materials mentioned 

anything about online shopping possibility, which is seen important by 
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Zdziebko and Sulikowski (2015). It seems that although companies have 

online customer portals, these portals are more designed to steer needs 

and contacts towards traditional business model, which happens between 

customer representative and supplier representative. No actual transactions 

and purchasing is allowed via online portal. There could be an opportunity 

to reach some level of differentiation and competitive advantage by 

implementing this. Only the complexity and nature of products and services 

may set limits on how efficient buying processes industrial organizations can 

build online.  

 

Finally, Porter and Heppelmann (2014) present smart products and services 

in four groups; monitoring, control, optimization and autonomy. They 

highlight the importance of the autonomy level in efficient and automated 

utilization of information. Case companies seem to have monitoring level 

presented, control level with software development presented and certain 

level of non-automated optimization presented in their solution offering. In 

the 1980’s, Porter & Millar (1985) predicted the speed of information 

creation to increase in the future. This is very critical finding, because Porter 

and Heppelmann (2014) believe that the full benefit towards competitive 

advantage through customer needs, is only relevant when all four stages 

are in place. The relative importance may change between the different 

industries and as Yamin et al. (1999) define, organizations should choose 

the strategy relevant for its competitive landscape. Case companies are all 

working in industrial sector but with mainly different products and 

customers. And still their digital product and service offering is almost 

identical. As a result, the primary findings of Porter and Heppelmann (2014), 

supported by Yamin et al. (1999) can be assumed to be right according to 

case study findings. 

 

As Mäki (2000) together with many other digital service professionals 

(Industrial Internet Now 2015a; Juhanko et al. 2015; Industrial Internet Now 

2015c; Economic life forum 2016) stated, is this particular moment of 
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digitalization a revolution in industrial sector, might not be the point. Another 

option as a key point is shown by researchers such as Gebauer et al. (2011), 

who present that customers need to evolve and organizations providing 

these services and products must adopt innovations over time. This is 

evidently seen when looking the vast digital solution and product portfolios 

of all four case companies.   
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6 DISCUSSIONS AND CONCLUSIONS 

This chapter creates a summary of the most important findings of the 

research. The research questions, which were set in the beginning of the 

study, will be answered. In addition, some comments and suggestions are 

presented for further study. Overall relevance and validity of the research is 

also reflected. 

6.1 Summary of research questions and answers  

The current knowledge and understanding of Industrial Internet challenges 

and opportunities by researchers such as Juhanko et al. (2015) and 

Mukhopadhyay & Suryadevara (2014) is able to clarify quite clearly the 

existing challenges of successful Industrial Internet. According to this study, 

organizations have been able to launch many applications as products and 

services to the markets. Findings show that from technology wise there 

were not too many differences in offer portfolios. As a conclusion, 

technological bottleneck seems then to be slightly disappearing. As an 

example Mukhopadhyay & Suryadevara (2014) studies were from 2014 and 

two years can make a significant step ahead in technological development.  

 

The other major challenge, aka. information and knowledge bottleneck, 

seems to be harder to tackle. Individual products and services, although 

those would be creating information and be connected online, can’t be fully 

utilized before organizations change their business processes. This 

research finding is in line with the common understanding in Industrial 

Internet challenges and opportunities theories.  

 

First Industrial Internet opportunity is understood as possibility that 

organization can make current operations more efficient. After case study 

there are minor indications that this is already happening. As an example 

condition monitoring technology combined with remote connection, is able 

to provide better visibility and information to equipment under surveillance. 
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Maintenance provider’s cost reduction is found from minimized onsite labor 

costs due to shorter downtime. This first opportunity is in line in both current 

theories and this research. It can be seen not anymore as an opportunity 

but an existing benefit.  

 

The second opportunity lays in new business models. Organizations are 

moving towards predictive maintenance. Although, the finding is that not all 

organizations have succeeded in changing their business models. 

Understood benefits, which are indicated by current literature and studies, 

still stay as opportunities.  

 

The third opportunity comes through customers’ value increase of current 

products and services. According to this study findings, organizations are 

interested to bring more information available to the customer. This 

information is primarily used to consultative business and possible 

additional sales. Nevertheless, customer value can be understood to be 

bigger when more information becomes available. So, when this information 

brings more value than what are the costs related to its creation, the 

customer value is guaranteed. Findings of this study are not unfortunately 

able to create clear answer to support or deny this theory and common 

understanding. Although, one of the most important findings was the need 

for automated and algorithm based analysis of big data. 

 

The first research question was “How do Case Company Ltd., Kone Oyj, 

Wärtsilä Oyj and Caterpillar Ltd. Industrial Internet services look like?” The 

answer is roughly that services look very much similar. Fundamental parts 

of Industrial Internet and digital services seems to be remote services, 

condition monitoring, online customer portal and around the clock technical 

support. These fundamental services and products were found from almost 

all companies at least in certain form. The differences were mainly about 

technical details such as GPS availability or mobile application to read the 

data. Couple of case companies seemed to have started the product 



118 

 

 

launches to the markets two or three years earlier than the others, but it was 

not visible in the outcome and products currently available in year 2015 and 

2016. Offerings were nearly similar. 

 

Second research question, “How are case Company Ltd. Industrial Internet 

development investments allocated to different categories?” got an answer 

that company had invested to seven separate categories. These categories 

were mainly the same fundamental categories as other three case 

companies had in their offering. The amount of investments variated 

between the categories throughout the years 2011 and 2015. The trends of 

allocations were logical and following the rules that first development 

investments were made to build the technological infrastructure, whereas 

directly customer related areas got investments in the some of the last years 

of our study period. One of the most interesting findings was that predictive 

maintenance category got quite impressive amount of allocations during 

early years but had never been finalized to any concrete service or product. 

This gives us a result that depending on a product or service complexity, it 

takes several years for organization to change business models and 

operative processes.  

 

The most important and third research question, “Does the approach and 

chosen development strategy of Industrial Internet products and services 

create differentiation and competitive advantage for case companies and 

especially for Case Company Ltd.?” did not get an unambiguous answer. 

First of all, it seems that all the case companies had almost the same 

categories of Industrial Internet themes and products available. This was 

supported already by the first research question. So, within the existing 

portfolio there are no signs that any of the companies would have been able 

to develop unique approach of Industrial Internet. But, we must also 

consider that these companies were not direct competitors within each 

other, although they all work in relatively same type of industry. Competitive 

advantage through differentiation requires a unique service or product. Did 
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Case Company Ltd. had this compared to its real rivals in same industry 

that stays undefined. Another option would be to get new products and 

services available on the market before other organization are able to 

benchmark those. According to materials, it looked that this period is 

relatively short and probably would not create continuous competitive 

advantage.  

6.2 Suggestions for further study 

As stated in previous chapter, this study framework limited research case 

companies to four organizations to fulfill the deeds of a qualitative study 

(Hirsijärvi, et al. 2009). These companies operated in similar industrial 

environment but they were not offering precisely same products and 

services. This disables the ultimate conclusions how their digital services 

and Industrial Internet approach really differentiates case companies from 

competitors. The reason why these particular companies were chosen into 

this study was that they were somewhat benchmark setting organizations in 

their industry. In the future, when Industrial Internet related services become 

more common, further research could compare the actual rivals within each 

other. The further study could be done by choosing rivals that compete 

against each other in everyday business and make comparison if their 

Industrial Internet approached have significant differences.  

 

In addition, this study focused mainly on the marketing materials found 

online. The marketing promises and real operations might not always be in 

line, especially when companies want to stay as a part of latest trends 

(Smith 1956). In further studies, the comparison could be made by 

interviewing people in the case organizations. This would give more detailed 

and deeper view which kind of services are really available an also if the 

services are really comparable within each other. Quality and content of the 

service might be different, although the marketing arguments remain the 

same.  
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Relevant research data from Case Company Ltd. was from five years period 

from 2011 to 2015. This is relatively short period of time when considering 

fundamental or even revolutionary business models to be changed (Grant 

1991). Some of the case companies seemed to have materials available 

few years earlier but in the big picture the materials of all case companies 

were mainly from previous 5 years. Future recommendation would be to 

repeat the study with research data from longer time frame such as 10 

years. Also, companies are now in the beginning of their journey towards 

digitalization and Industrial Internet. Few years to the future, and the 

products and services will most likely be more standardized. 

 

For wider research and knowledge the suggestion is to follow closely what 

kind of information is truly needed? This means that organizations would 

start redefining their business models and processes. Further study could 

clarify if this information is the same information that benefits the customers 

and does it make difference in B2C and B2B markets? 

 

My estimation is, that quite soon in the future we will truly see if this ongoing 

trend has all the assumed potential. According to current situation, Industrial 

Internet is known to have both possibilities and challenges but also potential 

for another industrial revolution.  
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