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This study set out to investigate the effect of intelligent materials to the steel 

industry’s business models. However, the very early findings indicated how the 

increased intelligence of materials or products would have fundamental effects, as the 

companies are facing a transition from manufacturing based domain to information 

intensive domain. In other words, with intelligent materials, the companies would not 

be competing through product offerings, but through ability to leverage generated 

data. The changes in companies’ functions emphasize the significance of their 

respective network structure. This will lead to making concept of structural holes to 

have relevance to the potential business models, especially when industries are making 

changes related to outset of internet of things.  

The research was carried out as a qualitative case study within steel industry 

network, where interviews of a single main case company (n=20) were supported by 

interviewing stakeholders (n=6) and complementary companies (n=8). Abductive 

research approach was employed to analyze the material.  

This thesis makes a suggestion that business models and structural holes have a 

connection in the observed setting. Additionally, the study formed a construct on what 

should classify as intelligent material and based on the findings of the study, three 

propositions are formulated: 

(1) ‘Structural holes promote businesses’: Business models and structural holes have 

strong interconnection in corporate setting, when the network represents connections 

inside and between companies and structural holes represent the missing connections 

between two companies, departments or operations  

(2) ‘Bridges over structural holes yield profits’: When a structural hole is identified 

in a corporate setting, it implicates that a third party may benefit financially from 

acting as a bridge in this hole. Proposition 2 could be divided in to two parts; (2.1) 

Devising a novel business model can be regarded as bridging of a structural hole; (2.2) 

When a tertius acts as a bridge in corporate setting, tertius is actually capitalizing on a 

novel business model.  

(3) ‘Maps of structure lead to treasures’: If a company can accurately map the 

relevant actions and connections of their network, including the information these 

functions can generate and in turn would require from others, the company can use 

that illustration to identify the existing possibilities for new business opportunities. 
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Tässä työssä tutkittiin älykkäiden materiaalien vaikutuksia terästeollisuuden 

liiketoimintamalleihin. Jo hyvin varhaisessa vaiheessa havaittiin, että älykkyyden 

lisääntyminen materiaaleissa tulisi muuttamaan terästeollisuuden 

liiketoimintamalleja perustavanlaatuisesti. Tulevaisuudessa perinteisen tuotteisiin 

painottuvan lähestymistavan sijaan tärkeä osa terästeollisuusyritysten liiketoimintaa 

tulee muodostumaan informaation luomisesta ja jakamisesta. Tämä tulee muutos 

tulee korostamaan alan yritysverkostojen merkitystä ja tästä syystä niiden 

rakenteelliset aukot tulevat olemaan merkittävässä roolissa uusien 

liiketoimintamahdollisuuksien syntymiseen, erityisesti kun esineiden internet 

(internet of things) tulee yleistymään myös terästeollisuusyrityksissä.  

Tutkimus toteutettiin kvalitativisena tapaustutkimuksena, jossa 

päätutkimusyrityksen haastattelujen (n=20) tueksi haastateltiin yritysverkostoon 

kuuluvia sidosryhmiä (n=6) sekä saman alan verkoston ulkopuolisia toimijoita (n=8). 

Tulokset analysoitiin abduktiivisesti.  

Työ osoittaa yhteyden rakenteellisten aukkojen (structural holes) ja 

liiketoimintamallien (business models) välillä. Tämän lisäksi työssä muodostetaan 

määritelmä älykkäille materiaaleille (intelligent materials) ja työn löydökset 

mahdollistivat kolmen proposition luomisen:  

(1) ’Rakenteelliset aukot edistävät liiketoimintaa’: Rakenteelliset aukot ja 

liiketoimintamallit ovat vahvasti kytkeytyneitä yritysmaailmassa, kun verkosto 

kuvastaa yritysten, osastojen tai toimintojen välisiä kytköksiä.  

(2) ’Rakenteellisten aukkojen silloitus luo voittoa’: Rakenteellinen aukon löytäminen 

yritysverkostossa tarkoittaa, että löytäjä voi hyötyä taloudellisesti, kun hän silloittaa 

tämän aukon. Propositio 2 voitiin jakaa vielä kahteen alakohtaan; (2.1) Uusien 

liiketoimintamallien luomista voidaan pitää rakenteellisten aukkojen silloittamisena; 

(2.2) Kun kolmas osapuoli (tertius) silloittaa rakenteellisen aukon, tertius luo samalla 

uuden liiketoimintamallin.  

(3) ’Rakenteen hahmottaminen löytää liiketoimintamahdollisuudet’: Jos yritys 

kartoittaa tarkasti sen oleelliset toiminnot sekä liiketoimintaverkostonsa yhteydet, 

mukaan lukien niissä syntyvän sekä tarvittavan informaation, yritys voi hyödyntää tätä 

kartoitusta liiketoimintamahdollisuuksien tunnistamiseen omassa 

yritysverkostossaan. 
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1. Introduction 

 

The aim of this chapter is to introduce the research topic and to discuss the 

motivation for the research. First section presents some of the literature that 

form the background for the study and some of the central concepts that lay 

the foundation for the conducted research. The section includes an illustrating 

example that underlines the importance of the concept. The second section 

dissects the research problem and presents it in a formal fashion. Following 

this, the scope of the study is examined in order to frame the context of this 

research. The chapter is concluded with an outlook on the structure of the 

thesis. 

1.1 Motivation for the study  

This section discusses the main reasons behind the study. The underlying 

driver is the constantly increasing amount of information that is generated in 

processes and by different objects. But since the sources of new information 

are becoming more and more diverse, it is important to discuss the different 

possibilities to deliver the information and, if possible, how to incorporate that 

information to different materials or products. Success in this challenge might 

prove to be valuable in providing companies an edge in the fiercely 

competitive market. 

1.1.1 Background 

The world is becoming increasingly networked and the established networks 

are increasingly social. The forefront of social networking feature companies 

like Facebook, Twitter or LinkedIn that rely on their users to provide the 

content for the sites, whereas the companies offer the interaction platform. In 

order to broaden the range of appliances able to connect to the network, a lot 

of development is made adding interconnection tools for even the most 

everyday objects (Atzori, Iera, & Morabito, 2010). Most likely the future world 

will be filled with objects ready to interact with each other and with the user, 

collecting and transmitting data and making decisions. While the academia 

and industry has produced an abundance of conceptualizations discussing on 

how these developments might change our everyday life (e.g., Ericsson, 2012), 
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unfortunately few parties have addressed the technical challenges necessary 

for producing such networks.  

As the size and the complexity of networks formed by both objects and 

people continue to increase, the number of established connections increases 

correspondingly. However, it is unrealistic that all the potential connections 

will be established outright, so the inevitable consequence is the emergence of 

new structural holes in the networks. The structural hole refers to a situation 

where a third party takes an integrating role between two other actors (Burt, 

1992). This third party, tertius, brokers the information flow between the two 

groups and gains certain benefits from doing it (Burt, 2004).  

1.1.2 How to trace men, materials and machinery? 

For a long time now, the ability to trace items has been under the microscope 

in economics, as the companies have been striving to improve their 

productivity, minimize their stocks sizes and decrease lead times. The interest 

to trace items throughout their lifecycle is mutually shared in other branches 

of science, but often for very different reasons. These traceable materials are 

sometimes referred as intelligent materials. For materials science, the 

traceability would enable material optimization and product improvement, 

especially if the increased traceability would provide usage and performance 

data for manufacturing companies. But more importantly for materials 

science, the traceability would provide valuable tools for failure cause analysis. 

In the very beginning of their studies, materials science students in Aalto 

University is given an example case, in which a steel producer have provided 

steel beams for a manufacturer to be used in cars. When the finished vehicles 

are put to crash test, the steel beams crack because they are underperforming 

their specs. After the car producer files a complaint, the steel producer audits 

their production and tries to track down the specific batch to find the root 

cause for the lowered strength. Failing to locate the underlining problem at 

their end, the steel manufacturer states that their products are all conforming 

to the standards and next starts to audit the car manufacturer’s process, 

observing what happens to the beams at the other end. They observe that the 

beams are stamped with a serial number as they arrive to the car factory. 

Series of thorough failure cause analyses indicate that the failures are initiated 

at the stamped marking. Finally, the problem can be isolated to only affect 

certain beams, in other words, the beams with the number one in the serial 

code. The steel producer realizes that the origin of fault is the too sharp edge in 

the upper corner of number one, which causes excess stress to that point. They 

instruct the car manufacturer to change the font of the number stamping into 

more round one and the problem is solved.  

Even though, in the example case, the problem was eventually solved it 

required a vast amount of intensive labor. If the steel producer and the car 

manufacturer had used a common system for items tracking, isolating the 

problem to specific set of items would have been significantly easier and faster. 

In fact, the whole issue would probably not have arisen, since the problematic 

stamping would be replaced with uniform identification method that the steel 
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producer had approved for. On the other hand, if the car manufacturer has a 

number of suppliers for specific set of items, it may well be that another 

supplier had produced the problematic items. For these reasons, all the actors 

would have benefitted from the increased traceability.  

1.1.3 Fierce competition and evolving industries 

Providing the customers possibilities for further process development might 

prove to be a valuable asset for the delivering company. Finding new ways to 

thrive in competition are sought for, since the steel industry in Western world 

is under a serious pressure to improve their competitiveness. The emerging 

markets, lead by China and India, are offering similar products with lower 

costs and are constantly diminishing the gap on the product quality. As the 

products are based on strict standards, differentiation through product 

offerings is difficult and whenever a new product is launched, competitors 

have a relatively easy task in emulating those processes, so they will soon be 

able to offer a similar product. So the emerging markets are making it 

increasingly difficult for the Western companies to gain competitive advantage 

through traditional sources of differentiation or lower costs (Porter, 1985). The 

urgency for correcting actions and the need to find new ways to do business 

has been evident and stated by a number of scholars (e.g., Matthyssens, 

Vandenbempt, & Van Bockhaven, 2013).  

Acknowledging the need for change in the steel industry, there is a strong 

interest on evaluating the current operations. The ways companies compete 

with their rivals are commonly viewed under the concept of business models. 

As it is later presented in this work (see Subsection 4.1.1), the interest in the 

notion has steeply intensified under recent years. Scholars have been trying to 

analyze reasons behind companies’ success or failure through business 

models. The essence of business models is in explaining how the company 

delivers value to customers, entices customers to pay for that value and 

converts those payments for profit (Teece, 2010). However, the notion of 

business model still acts as an umbrella term, since in addition to explaining 

firm performance (Afuah & Tucci, 2001), it is used to describe a number of 

different phenomena including the monetization of e-businesses (Pauwels & 

Weiss, 2007), to explain the value creation mechanisms in networked markets 

(Zott & Amit, 2009) and explaining societal wealth improvements (Thompson 

& MacMillan, 2010).   

1.2 Research questions and objectives  

This thesis has one clear main research question that is aimed to be simple 

and straightforward. The main research question of this thesis is:   

RQ: How intelligent materials can change the steel industry business models?  
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In order to answer to this question, some supplementary research questions 

were devised. To answer the main research question comprehensively, it was 

also necessary to study:  

SQ1: How it would be possible to increase the intelligence of materials [or 

products]?  

SQ2: How different actors in the steel industry could benefit from increased 

intelligence in materials?  

SQ3: How is a new business model created?  

SQ4: How the issue of data ownership affects the situation or development of 

new business models?  

1.3 Scope of the study  

This thesis combines different sources of information in order to grasp the 

situation with proper understanding. The three concepts, originating from 

different fields of research, combined in this thesis is presented in Figure 1. 

The large number of different material was required, since the study combined 

material from different research streams, which were already struggling to 

concur on the described phenomena in their respective fields. The 

disagreement starts from the definitions for the two fundamental concepts in 

this work – intelligent material and business model. This thesis tries to form a 

comprehensive description of the situation inside the steel industry that could 

be generalized to other industry segments.  

 

Figure 1. Three key concepts of the thesis originate from different research fields, so combining 
them can provide new insight. 

The study included review of existing literature and a number of interviews 

of the case company representatives and their stakeholders, complemented 

with some secondary case material to further elaborate the answers to the 

research questions. All this was required to successfully combine the three key 

concepts from different fields: structural holes, intelligent materials and 

business models.  

This research is conducted in the Future Industrial Services (FutIS) research 

program, managed by the Finnish Metals and Engineering Competence 
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Cluster (FIMECC), and funded by the Finnish Funding Agency for Technology 

and Innovation (TEKES), research institutes and companies. Their support is 

gratefully acknowledged. 

1.4 Structure of the thesis  

This thesis has three theoretical parts, discussing structural holes in 

organizational networks in Chapter 2, intelligence in materials in Chapter 3 

and business models in Chapter 4. After theoretical examination, the research 

methodology is presented in Chapter 5 and the case environment in Chapter 6. 

The case study results are presented in Chapter 7 and the implications of these 

findings are discussed in Chapter 8. The most important results of the study 

are briefly outlined in Chapter 9. The structure is illustrated in Figure 2. 

 

 
 

Figure 2. The structure of the thesis. 
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2. Structural holes 

A structural hole is a gap between two individuals with complementary 

resources or information (Burt, 1992). The concept of structural holes has 

become an integral part of social network discussion after its initial 

introduction. Just in the Scopus database alone, it has been cited in thousands 

of academic papers, most often under business, management and accounting 

and social sciences subjects. 

2.1 Background and terminology 

A tertius is a third party positioned between two or more players (Burt, 1992). 

The tertius gains information from both players, but more importantly, tertius 

controls the information flow between the two sides and thus benefits from 

acting as a bridge between the network of actors, groups or activities. The 

possibility to form a bridge indicates a presence of a discontinuity between 

exchange relations (i.e., a structural hole) in the network (Burt, 1997). The 

structural hole is perceived to be a source of social capital. It refers to “friends, 

colleagues, and more general contacts through whom you receive 

opportunities to use your financial and human capital” (Burt, 1992, p. 9).  

Burt (1992) bases his theory on the notion of tertius gaudens first presented 

by Simmel. Tertius gaudens refer to an actor, a third party, that benefits from 

a conflict between two other actors (Simmel, 1902). The classical analogy of 

the situation is the philosophy ‘divide et impera’, divide and rule. When a third 

party enters a system inhabited by two existing actors, the existing actors feel 

their position threatened. So, depending on the persuasiveness of the 

newcomer, the existing actors may opt to i) depend on each other and ally 

against the third or ii) decide to collaborate with the third, while alienating 

from each other (Simmel, 1902). The latter option refers to a tertius gaudens 

position.  

According to Burt (1992) the three different tertius roles are:  

i. Redundant contacts against one another. Competing actors against 

each other in the same relationship. For instance, when a buyer is 

making suppliers to compete. (Burt, 1992, p. 31)  

ii. Non-redundant contacts against one another. The tertius is making 

demands on the individual that conflict with those of the other 

parties, making it difficult to focus. For instance, school assignments 

from different subjects or teachers. (Burt, 1992, p. 48) 
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iii. The other tertius (fifth player). Defines what other players may, must, 

can and cannot do. In many cases, government acts this role by 

making regulations. (Burt, 1992, p. 235) 

2.2 Structural holes as sources of novel information 

According to the original definition, the term structural hole refers to a 

situation where a third party takes an integrating role between two other 

actors (Burt, 1992). By bridging a new connection, which was missing before, 

between two actors, groups or activities the third party can gain substantial 

possibilities. Social network theories suggest that it is the most desired 

position to be in, since the integrating actor can benefit from connections and 

common knowledge of both actors (Burt, 1992, 2004; Portes, 1998).  

When an integrator bridges a new connection, a new tie is formed. Whether 

the new tie is regarded as a bridge in a structural hole, is depending on the 

similarity of the contacts around that tie. In Figure 3, the social network of 

actors B and A are very different. B has formed ties with actors that know and 

interact with each other already, meaning that B is unable to form a bridge 

between these actors. On the other case, A is positioned between three groups, 

acting as an integrator for structural holes that A now bridges. Because of the 

more heterogeneous actors in that network, A is more likely to get novel and 

important information through that network. Positioning oneself in a 

structural hole has also been considered to be a source of innovativeness, as 

the actor A gets more familiar with alternative ways of thinking and behaving, 

providing more options to select and synthetize from (Burt, 2004). 

 

 

Figure 3. In an example network, both A and B have three connections. B’s network has no 
structural holes, since all actors are densely connected. Actor A brokers three structural holes. 
(adapted from Borgatti, 2010) 

The structure of the network is meaningful, but so is the nature of the ties. 

Granovetter (1973, 1983) defines the strength of a tie (i.e., a relationship) 

through the amount and frequency of interaction between the two actors. A 

weak tie is perceived to be a more likely source of valuable information than a 

strong tie, as actors in strong ties most often posses the same information 
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(Granovetter, 1973). In Figure 4, there are two groups sharing similar 

information connected by two bridges, between A-B and E-I (Granovetter, 

1973). These four actors are in fact benefitting from a structural hole in the 

network (Burt, 1992). If another of these bridges would not exist, the 

significance of the structural hole would be yet increased. 

 

Figure 4. An example of two groups connected with two bridges, A-B and E-I (Granovetter, 
1973). 

2.3 Degree of bridges  

The nature of the bridge connection depends also on its irreplaceability. The 

degree and localness of a bridge refers to the number of steps between 

connected actors in the given network. In another words, the number of 

different connections that can be circumvented using that bridge define the 

degree of a bridge. This is illustrated in Figure 5. If the bridge X-Y would not 

exist, it would take five steps for information to be delivered from actor X to 

actor Y.  

 

Figure 5. The degree (i.e., importance) of given bridge depends on the number of steps one 
needs to circumvent it (Borgatti, 2010).  
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It is important to notice that Granovetter implies only weak ties can be 

bridges, while in Burt’s concept this limitation does not exist, as the bridge 

refers to connection between distant groups, like in Figure 5 (Burt, 1992; 

Granovetter, 1973). Burt sees the tie weakness as a correlate, not a cause (Burt, 

1992, p. 27). Considering the situation at Figure 5, there are three groups 

connected by three bridges. Granovetter justifies his claim by arguing that the 

actors connected by strong ties share relatively mutual information, while on 

the other hand, if the bridge would also be a strong tie, the actors in different 

groups are more likely to interact with each other around that bridge, thus 

diminishing the importance of the bridge (Granovetter, 1973). It is a likely 

assumption, that actor X in Figure 5 will share the information given by actor 

Y with the whole green group or at least with the closest connections. Despite 

the strength of the X-Y tie, the information is still delivered back and fourth 

the violet and green groups by that single bridge and thus it is bridging a 

structural hole in the network (Burt, 1992).  

2.4 Benefits of structural holes  

2.4.1 Social capital  

The social capital refers to the ability of actors in securing benefits by just 

belonging in social networks or other social structures (Portes, 1998, p. 6). 

Positioning oneself to bridge a structural hole in an existing network is a 

valuable source of social capital. In addition, structural holes are 

entrepreneurial opportunities to broker the flow of information between 

people on opposite sides and control the form of projects that bring together 

actors on opposite sides of the structural hole (Burt, 1997).  

The structural holes theory also instructs actors to maximize the amount of 

the social capital generated by their network (Burt, 1992). This is illustrated in 

Figure 6. Burt instructs actors to evaluate the redundancy of the contacts in 

their network. In the existing scenario (Before), the actor upholds ties to 

contacts 1-5 and in total is connected to 15 people. However, the contacts 1-3 

and 4-5 are redundant, since they belong to the same social group, sharing the 

same secondary contacts with each other. If maintaining a human relationship 

is considered to require a certain amount of time and effort, maintaining these 

redundant ties is a waste of time (Burt, 1992). If the actor would alter the five 

upheld social ties to match the second scenario in Figure 6 (After), the same 

five primary contacts would result in five different social groups and up to 29 

people. The actor will have access to more diverse sources of information and 

be more informed of the opportunities and impending disasters. But first of 

all, the actor will be bridging that structural hole and first to see new 

opportunities created by needs in one group that can be served by skills in 

another group (Burt, 1992, p. 23).  
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Figure 6. By modifying their connections actors can optimize their networks for structural holes 
(Burt, 1992). 

2.4.2 Business opportunities leading to new business models 

The benefits of structural holes are heavily related to the commanding network 

position it is able to provide for the actor bridging the distant groups together 

(Burt, 1992). Discontinuities between transactions are considered as 

entrepreneurial opportunities, where actor can broker the flow of information 

between players on opposite sides of the structural hole and control the form 

of projects that bring together players on opposite sides of the structural hole 

(Burt, Gabbay, Holt, & Moran, 1994, p. 355). The business opportunities are 

generated through information and control benefits that the structural hole 

provides. The actor bridging the hole may gain a competitive advantage over 

players located elsewhere in the structure (Burt et al., 1994). Since bridging a 

structural hole gives the actor more powerful position in the given social 

structure, the actor will have a possibility to exploit that power to increase its 

financial performance and to reap a greater share of the profits generated in 

that network (Finne, Turunen, & Eloranta, 2014). 

In his book Burt discusses the business opportunities a structural hole can 

provide (1992). The essence lies in information and control benefits, but other 
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implications exist. Differences between companies, including the differences 

in performance, may reflect their respective capabilities in their ability to 

create and exploit social capital (Nahapiet & Ghoshal, 1998). The competitive 

advantages structural holes can generate are presented in Figure 7 (Burt, 

1992). 

 

Figure 7. Competitive advantage generated by structural holes derive from information and 
control benefits (Burt, 1992). 

2.5 Relation to business models 

Although the concept of structural holes is most often linked to networks and 

perceived as a source of social capital, it is very relevant to competition in 

information intensive environments (Shapiro & Varian, 1999). The structure of 

economic network define where and whom new opportunities lie (García-

Muñiz & Vicente, 2014). Acting as bridge in a structural hole provides the 

actor access to multiple sources of information and alternative ways of 

thinking, which in turn has proved to be source of innovation (Burt, 2004).   

In a company framework, where innovations typically relate to technology or 

practices, a structural hole can be bridged by two ways:  

i. Deceiving a new product or service, enabling new possibilities 

ii. Systemic innovation (Teece, 1986), i.e., combining two (or more) 

existing operations in a new way  

Most often either of the two options will lead to adopting a new business 

model and by doing something differently companies can create themselves a 

competitive advantage (McGrath, 2010). Likewise, bridging a structural hole 

will lead to combining existing actors and actions in a novel way. When this 

leads to substantial economic possibilities, the broker bridging a hole aims to 

design a novel business model.  
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3. Intelligence in materials  

Literature suggests that structural holes provide potential for business 

opportunities (Burt, 2004; Nahapiet & Ghoshal, 1998). In order to utilize these 

possibilities, the hole needs to be bridged with technological or systemic 

innovation (Williamson, 2010). Addressing the technological side, the concept 

of Internet of Things (IoT) has been discussed intensively through recent years 

(e.g., Atzori et al., 2010; Atzori, Iera, & Morabito, 2014; Mashal et al., 2015). 

For the steel industry, the emergence of IoT implicates that materials 

themselves should be connected to the designed database. On the other hand, 

increase in the amount of information can help to change the established 

practices of industries, including the steel industry, by making new kind of 

information flow and connections possible, thus generating a competitive 

advantage for the companies (García-Muñiz & Vicente, 2014). For the before 

mentioned reasons, it is very relevant to discuss how the materials could 

contribute to the increase of intelligence in the system.  

This chapter discusses the possibilities to increase the intelligence in 

materials. It begins by clarifying the concepts of smart material, presenting the 

wide array of different applications that have been categorized as smart 

materials. Since the materials science literature approach the issue from 

different angle, next section aims to present possible solutions on how the 

intelligence of materials could be increased, thus enabling the bridging of the 

structural holes in the steel industry network. Finally, the third section 

discusses the paradigm of intelligent products that is commonly presented in 

IoT context. The threefold structure of the chapter is illustrated in Figure 8.  

 

Figure 8. Chapter 3 presents the possibilities to increase the intelligence in materials. 
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3.1 Smart materials 

In materials science, the concept of smart material has existed for the last 

couple of decades. Smart materials provide a number of possibilities, which 

can be considered to be of more physical nature, instead of the ideas that can 

be assimilated to typical definitions for intelligent materials or products.  

3.1.1 Definition  

Smart or intelligent material is a term that is used to describe a large variety of 

different types of novel materials. Although the term has been variably used 

since 1980s, there is no universally established definition on what classifies as 

a smart material. Intelligence in materials is, however, even broader subject 

with endless definitions and applications. The terms smart material, 

intelligent product and intelligent material refer to different approaches and 

should not be confused. 

Unfortunately, there are no such things as intrinsically smart materials. 

Instead, when material is labeled as smart, the smartness refers to materials’ 

ability respond in a desired way when needed. So the fundamental principle 

behind smart materials is that they are capable of some kind of active 

response, resulting from changes in their environment. This response can be 

triggered actively, due to the properties of the material, if certain boundary 

conditions are met, or more passively, by introducing an outside stimuli that 

generate a designed response. There are a large variety of different kind of 

responses that can arise, resulting in self-sensing, self-healing, self-actuating, 

self-diagnostic or shape changing effects taking place (Bogue, 2014).   

Since the intelligence in materials is a relatively new concept, a large variety 

of confusing and overlapping terminology has been used. To further increase 

the complexity, the same terms are sometimes used with alternating 

definitions by different authors. One of the first terms that have been used 

somewhat uniformly, when referring to increased intelligence in materials, is 

the concept of intelligent product (e.g., Främling & Nyman, 2009; Kärkkäinen, 

Holmström, Främling, & Artto, 2003; McFarlane, Sarma, Chirn, Wong, & 

Ashton, 2003; Meyer, Främling, & Holmström, 2009; Sallez, Berger, Deneux, 

& Trentesaux, 2010; X. Yang, Moore, & Chong, 2009). However, intelligent 

products differ fundamentally from smart materials that are discussed in the 

field of materials science. These intelligent products are discussed further in 

Section 3.3.   

3.1.2 Self-healing material 

It is very sound to refer materials that actively respond when needed to being 

smart. Examples of materials demonstrating this type of behavior are self-

healing materials, such as self-healing polymers that have a tendency to form a 

uniform surface (Blaiszik et al., 2010; Bogue, 2014; Lutz et al., 2015). If these 

types of materials have a failure, such as a scratch or a crack, on the surface, 

they will heal by themselves as the materials are actively trying to regenerate 
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the uniform surface or at least mitigate the damage. There are several different 

mechanisms that produce self-healing properties, but the most common are 

presented in Figure 9. These include capsule based, vascular and intrinsic self-

healing. (Blaiszik et al., 2010) In the first two the excess material, that enables 

the regeneration of the surface, is capsulated in cells or longer channels or 

fibers within the structure. Intrinsic self-healing is more subtle and originates 

from latent functionality via thermally reversible reactions, hydrogen bonding, 

ionomeric arrangements, or molecular diffusion and entanglement (Blaiszik et 

al., 2010).  These type of smart materials are often used as a coating on other 

materials or metals and provide superior properties for that use, since they are 

able to regenerate the protective coating after minor damages (Blaiszik et al., 

2010; Lutz et al., 2015). Different types of polymer coatings can also be 

attached as a coating on a metal surface, providing self-healing anti-corrosion 

surface for the base metal (e.g., Lutz et al., 2015). 

 

Figure 9. Self-healing polymers can be categorized based on the method to store the self-
healing agent. Most typically, the healing agent is stored (a) in capsules, until they are 
ruptured by damage or dissolved, or (b) in hollow channels, tubes or fibers, until the 
damage releases the healing agent. Instead of stored healing agent, intrinsic materials (c) 
contain a latent functionality that triggers self-healing of a damage via thermally reversible 
reactions, hydrogen bonding, ionomeric arrangements, or molecular diffusion and 
entanglement. (Blaiszik & Kramer, 2010) 

Also some metals or alloys exhibit intrinsic self-healing properties and, for 

example, a widely known fact that aluminum is highly corrosion resistant is 

actually incorrect. Aluminum’s ability to withstand corrosion is based on 

aluminum oxide (Al2O3) coating that is self-generated on the surface. If the 

coating is scratched or otherwise damaged, replacing layer of Al2O3 is quickly 

regenerated. It occurs as aluminum ions on the surface react with the oxygen 

in the environment. However, despite the Al2O3 coating is intrinsically self-

healing and regenerates, the material under the coating is not. Unlike self-

healing polymers, aluminum is not able to fill any voids in the surface either 

and thus is not truly a self-healing material. 

3.1.3 Response to an outside stimuli 

Other types of smart materials are more passive in their behavior, since they 

require an outside stimuli provide to a response. These types of smart 

materials feature piezoelectric materials that induce a voltage when a stress is 

applied on the surface. Other examples are shape-memory materials (SMMs) 

that are able to deform back to their initial shape after a change in 
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temperature, magnetism, stress or light. Materials that feature SMM 

properties include Ni–Ti alloys and several types of polymers (ASM 

International, 1998; Bogue, 2014). The change occurred in SMMs is in most 

cases limitlessly reversible.  

The most everyday items utilizing smart materials are chromogenic systems 

that change color according to electrical, optical or thermal changes. 

Electrochromic materials that change their color on applied voltage are the 

essence of liquid crystal displays (LCDs). Whilst the older and simpler panels, 

found in pocket calculators or digital watches, could only emit grey light, 

modern super in-plane switching (S-IPS) panels have quality color 

reproduction and fast response-times.  

Since there is no consensus on what should be classified as a smart material, 

a lot of materials are missing this association to being “smart”, even though 

they possess the same properties and functionalities as some of the materials 

that are commonly regarded as smart. For instance, manganese steels are able 

to intensively harden under applied stress, thus providing a desired response 

to an outside stimulus. Sometimes referred as Hadfield steels, after their 

inventor Robert Hadfield, these manganese austenitic steels provide high 

toughness and ductility with high work-hardening capacity and, usually, good 

resistance to wear (ASM International, 1991, pp. 1951–2003). They are well 

suited to use in materials processing and mining, such as rock crushers and 

grinding mills, since they are able to sustain constant wear caused by hard, 

intermittent stress by hardening. If these work-hardening steels would not 

have been discovered roughly a century before the concept of smart materials, 

by any doubt they would be regarded smart.  

Furthermore, novel steel grades such as transformation induced plasticity 

(TRIP) and twinning-induced plasticity (TWIP) steels present even greater 

response to an outside stress trough transformation or phase transitions, thus 

providing exceptional elongation combined to ultra-high strength. This ability 

is mainly contributed to the retained austenite in the microstructure (ASM 

International, 1991, p. 1752). Both qualities of which are difficult to achieve 

using traditional steel grades, not to mention of material excelling in both 

areas simultaneously.  

3.1.4 Smart, not intelligent, materials 

Despite the vast interest in designing new materials with innovative 

capabilities, the focus has not been in enabling the materials to communicate 

their identity or properties to their environment. Although the benefits from 

the increased intelligence are regarded to be significant (e.g., Meyer, Främling, 

& Holmström, 2009), the concept of using materials that can communicate 

with manufacturing machinery has not been extensively studied. This fact is 

problematic, since identity would be required to successfully bridge the 

structural holes in steel industry network. In other words, there is very little 

discussion in the academia on materials that would be truly smart. For that 

reason, this work describes smart materials in the more literal context of the 



Intelligence in materials 

 16	  

expression. To clarify this distinction, the term intelligent material is preferred 

over smart materials.  

3.1.5 Information distributed in materials 

So, what if materials themselves would be intelligent, meaning that they could 

provide us information about their condition, history and properties, with or 

without an outside stimuli? Ideally, this information is forwarded along the 

supply chain and can be complemented during the life cycle of a product.  It 

would be utilized in every part of the cycle from casting to all the way to 

recycling and ideally after that utilized in further development of future 

products. However, along with the research stating the increased data will help 

to improve processes comes the inevitable consequence that finding the most 

relevant data becomes increasingly demanding (Köksal, Batmaz, & Testik, 

2011) and determining what data to incorporate to the material becomes a 

noteworthy issue (Kubler et al., 2014; X. Yang et al., 2009).  

The ability to incorporate data to the material itself would also be logical 

considering the ongoing advances in industrial internet applications. The 

amount of data being provided and that is accessible throughout the whole 

process flow is increasing, but it is being transmitted using separate systems. 

At the moment the machinery is discussing rather universally across the 

factory floor, but the material has hardly any role in this system. In most cases 

these systems are in the sole ownership of a single actor and the gathered data 

is utilized only in small, concentrated part of the whole life cycle of the 

product.  

The conducted studies have focused strongly on improving material 

efficiency and product lifecycle management (e.g., Allwood, Ashby, Gutowski, 

& Worrell, 2011; Allwood, Ashby, Gutowski, Worrell, & a, 2013; Arica & 

Powell, 2014; Fujita & Iwata, 2008; Kiritsis, Bufardi, & Xirouchakis, 2003; 

Kubler, Derigent, Främling, Thomas, & Rondeau, 2015; Lau, 2014; Ness et al., 

2014; Pongiglione & Calderini, 2014; Ranasinghe, Harrison, Främling, & 

McFarlane, 2011; Sallez, Berger, Deneux, & Trentesaux, 2010; Xiao et al., 

2007). Other studies relate to finding ways to reuse steel structures of 

buildings when designing and constructing new ones (Fujita & Iwata, 2008; 

Ness et al., 2015; Pongiglione & Calderini, 2014).  

3.1.6 Communicating the identity 

The different methods on how the material could discuss with different 

machinery or their users have not researched much either. Most research 

related to the topic offer alternating combinations of radio-frequency 

identifying (RFID) tags and complementing networks (Atzori et al., 2010; 

Kubler et al., 2015; Meyer et al., 2009; Ness et al., 2015; Ranasinghe et al., 

2011). Only few studies have addressed the possibility of incorporating the 

intelligence in the material itself. Most of these have conceived from the needs 

of forest industry, more specifically through the demand to reliably track the 

origin and genuineness of the raw material (Charpentier & Choffel, 2003; 
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Fuentealba, Simon, Choffel, Charpentier, & Masson, 2004; Jover, Thomas, 

Leban, & Canet, 2013). Studies state that it is possible to identify logs from one 

another by determining the DNA of the tree. Furthermore, the beams cut from 

a certain log can be distinguished by precisely identifying the unique, 

fingerprint-like structure by X-ray imaging, or preferably based on the trees’ 

distinctive properties, for instance by microwave based nuclear magnetic 

resonance measurement (NQR) (Charpentier & Choffel, 2003; Jover et al., 

2013).  

3.2 Technologies for intelligent materials  

Even though producing materials with intelligence and traceability as intrinsic 

characteristics deems a concept for the future, an array of alternatives has 

been considered as a possible alternative to skirt the challenges faced. This 

section presents possibilities that are already in use, at least in other 

applications, or have been considered viable solutions providing reliable 

identification or unique identity for different items.  

3.2.1 Radio-frequency identification  

At the moment there are not so many possibilities how this back and forth data 

transmission between material and operating machinery could be achieved. 

The most ready solution would be implementing radio-frequency 

identification tags (RFID) into the materials and for that reason they have 

been studied quite extensively (e.g., Atzori et al., 2010; Främling, Harrison, 

Brusey, & Petrow, 2007; Kubler et al., 2015; Mashal et al., 2015; Miorandi, 

Sicari, De Pellegrini, & Chlamtac, 2012; Ness et al., 2015; Ranasinghe et al., 

2011; Xiao et al., 2007).  

RFID tags would match many of the required criteria for intelligent 

materials. They can be used to make pieces of material, such as steel sheets, 

unique and making it possible to track them throughout their life cycle. In 

addition to offering reliable identification, RFID tags can be read from 

reasonable distance, ranging from near-field communications techniques 

(NFC) limited 10 centimeter, up to tens of meters of active RFID tags, making 

the reading simpler. They can even, for certain extent, store new information 

straight to the chips, so it would not be required to transmit data to the servers 

in real time. However, solid metal plates can interfere with radio transmission 

waves of RFID tags and so utilizing them in steel industry brings certain 

challenges.  

Typically RFID tags are divided into two groups, based on the source of the 

power for the transmitting action. Ones that include an internal power source, 

i.e., typically a battery, are called active RFID tags. Whereas tags without a 

battery are called passive tags, meaning they harvest the energy needed for 

transmission from electro-magnetic field generated by a remote reader 

device’s radiofrequency signals. Between these two extremes are semi-passive 

tags, which contain a battery that is used to power up the microchip’s circuitry, 

but not for the signal transmission (BRIDGE, 2008, p. 5). Sometimes the term 
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semi-active tag is used, but essentially it is exactly the same thing as a semi-

passive tag.  

Most notable differences in active and passive tags are their transmission 

signal strength and, of course, cost (Ferrer, Dew, & Apte, 2010). Active RFID 

tags can transmit signal and be read up to distances of 35 meters, or even 

more (BRIDGE, 2008). In turn, passive tags can be read from short distances, 

typically up to one meter, but this may be improved by different modifications 

up to 7,5 meters (Meyer et al., 2009, p. 11). Indeed, a lot of work is conducted 

to increase the range of passive RFID tags that focus on increasing the reading 

distance, while keeping the tag type as a passive (e.g., Dong, Le, Nguyen, 

Coelho, & Vuong, 2014; Pursula, Pesonen, & Marttila, 2014) 

3.2.2 Markings  

Other, more traditional ways to making the material traceable are different 

markings, such as laser printing technologies, punching or barcodes. The 

challenges and the benefits of these type solutions lie in the simplicity of them. 

They are in many ways failure proof, since the marking is permanent, 

depending slightly on the manufacturing method. But on the other hand, if 

they fail, the damage is to large extent irreversible. Laser marking might 

smudge, while barcodes may fade away or get smeared. The marking 

information will be similarly lost if the piece of material will be divided into 

smaller pieces or otherwise modified, e.g., when steel sheet is cut to length 

during production it may be desired to leave the laser markings outside the 

final product in order to gain intact surface. Although, provided that intensive 

measures are taken, punched or engraved markings can be salvaged by 

forensic methods, as proved in several studies (Turley, 1987; Weimar & 

Herrmann, 2011; Wightman & Matthew, 2008). The method is based on the 

microstructural changes induced by the punching or engraving and inspecting 

their effects to the material by using metallographic techniques. However, this 

is very labor-intense and as such only possible in exceptional situations, for 

instance in failure cause analysis.  

3.2.3 X-ray fluorescence applications  

Precise material identification tools would provide an alternative method of 

identifying different materials and making concept of intelligent materials 

network possible. For obvious reasons, nondestructive methods, such as 

photon movement based analyzing tools, should be preferred when studying 

manufactured products (Sham, 2014). Several equipment manufactures offer 

handheld x-ray fluorescence (XRF) tools that enable positive material 

identification (PMI) (Bruker, 2014; Olympus, 2014a; Oxford Instruments, 

2014). XRF devices can identify reliably different alloys and materials, making 

sure they conform to the standards. The detection limit for most common 

alloying elements (Cr, Mn, Ni, Mo, Cu, Ti) that are used in different steel 

grades (Arcelormittal, 2014; ASM International, 1991; Outokumpu, 2014), are 

in the region 10 ppm (parts per million) or less (Olympus, 2014b).  
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Considering that there will always be small variances in the compositions of 

different batches and plates of alloys, in principle these unique variations 

could be used to identify one sheet from another. However, in reality these 

devices mainly offer tools to measure conformance to quality. Using the 

handheld XRF devices to differ single sheet from a pile of products is 

impossible, since the margin of error for the measurement is relatively high, 

fractions of a per cent at best (Bruker, 2014; Olympus, 2014a, 2014b; Oxford 

Instruments, 2014). In addition, the very exact composition varies slightly 

even within a single sheet of steel. So, XRF devices are not suited for 

identifying individual sheets at steel industry processes, but for some of their 

customers could still find it useful. XRF offers a quick way to identify the 

different steel grades, which might be needed, if a company uses several 

different grades for different applications and products.   

3.2.4 Acoustic emission  

To date acoustic emission (AE) has been used to identify failures in material. 

Even really small defects in the surface, invisible microcracks inside the 

structure or even fatigue might result in subtle changes in the sound that an 

object generates when moved or stressed (ASM International, 1997, pp. 593–

625; Ferrando Chacon, Kappatos, Balachandran, & Gan, 2015). The change in 

emitted sound is caused when the structure of a metal is altered, causing rapid 

release of strain energy taking place (i.e., micro-scale movements) and 

generating elastic waves. This phenomenon can be analyzed by acoustic 

emissions (ASM International, 1997, pp. 593–625; García Márquez, Tobias, 

Pinar Pérez, & Papaelias, 2012). Different kind of movements cause different 

kind of noise, varying from constant thrumming of rolling ball bearing inside a 

cylinder, to sharp clangs of steel bars hitting concrete. Regardless of the 

source, the difference between undamaged and defected items can be 

distinguished.  

AE is used in many cases to detect need for preventive repairs, for instance 

in monitoring the condition of wind turbines (García Márquez et al., 2012; 

Soua, Van Lieshout, Perera, Gan, & Bridge, 2013). This offers a possibility to 

locate emerging failures and preventing the problems from becoming too 

severe, causing mechanical failures, not to mention the further damage to 

other parts or structures. In order to make the results more presentable, 

applying noise-reduction techniques such as wavelet packet transform (WPT), 

is recommended (Ferrando Chacon et al., 2015; Khamedi, Fallahi, & Refahi 

Oskouei, 2010; Maillet & Morscher, 2014).  

Since the use of acoustic emission to identifying failures in materials and 

structures is so well established, the interest in finding different applications 

related to the AE techniques is understandable. When assessing possibilities to 

enable intelligent materials network, AE and especially acoustic signature 

cannot be overlooked.  Some examples of success in defining specific acoustic 

signature to a certain source already exist, ranging from determining fraction 

of martensitic phase in duplex steels to rather unordinary case of predicting 
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the crispness of fried turkey breast, depending on its acoustic signature 

(Iliassafov & Shimoni, 2007; Khamedi et al., 2010).    

3.2.5 Acoustic microscopy  

Scanning acoustic microscope (SAM) is widely used in failure analysis and 

nondestructive evaluation. It is especially good in detecting voids and cracks in 

the surface, offering similar benefits than the use of acoustic emission, to 

determine structural integrity (Lemons & Quate, 1974; Sharples, Clark, & 

Somekh, 2003). Scanning acoustic microscope beams a focused ultrasonic 

signal from a transducer to a concentrated point on a target object, which is 

immersed in liquid, typically water (ASM International, 1997; Lemons & 

Quate, 1974). Water is logical choice as a medium for transmitting ultrasound, 

since it has relatively low acoustic attenuation coefficient, is suitable for almost 

every sample type and most of all, cheap and easily available. Acoustic 

microscopy can be used up to 3 mm thick plates (ASM International, 1997, p. 

91). 

When encountering the object, sound beam is either scattered at some angle, 

absorbed completely or something in between. The scattered pulses travelling 

in a particular direction are detected. The time of flight, i.e., the duration from 

the source to detector, can be used to determine the distance of particles by 

comparing travelling speed through the medium. The contrast seen in the 

image is based either on the object's geometry or material composition. The 

resolution of the image is limited either by the physical scanning resolution or 

the width of the sound beam, which in turn is determined by the frequency of 

the sound. Scanning measurement is done making incremental axial changes 

to the beam focus point, until the whole sample area has been covered. (ASM 

International, 1997; Lemons & Quate, 1974)  

3.2.6 DNA  

The uniqueness of a DNA (deoxyribonucleic acid) of each living creature, flora 

and fauna, is a widely known fact. In turn, the importance of DNA for both 

medical research and industry has greatly contributed to the development of 

cost-effective analysis applications for identifying DNA molecules. The 

inspiring applications range from parental testing to genome tracking of 

inherited diseases.  The urgency to develop even more cost-effective, faster 

and more simplified testing equipment has resulted to a situation where DNA 

determination can be a viable tool for completely new application fields.  

The applications of utilizing DNA as an identifier, outside healthcare 

industry, have a wide range and are yet emerging. To date, tested applications 

include asset identifying in the forest industry (Fuentealba, Choffel, & 

Charpentier, 2006; Fuentealba et al., 2004; Jover et al., 2013), general 

property marking (SelectaDNA, 2015), revealing food frauds (BBC, 2012; 

Helsingin Sanomat, 2015) and tagging intruders (SelectaDNA, 2015). The 

increasing interest for better traceability and knowing the originality of raw 

material derives from industry quality standards that demand the ability to 
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trace the history, application or location of products over its lifecycle (Olsen & 

Borit, 2013). 

DNA identification differs from other more often used solutions, like RFID 

tags or barcode markings, in few but fundamental ways. First, the forgery of 

DNA is practically impossible, whereas barcodes can be copied or RFID signals 

interfered, intercepted or tags can be tampered with (e.g., Atzori et al., 2010; 

Miorandi et al., 2012). Even though these issues regarding RFID tags are being 

addressed (e.g., Ray, Abawajy, & Chowdhury, 2014), replicating tags or 

hijacking the emitted signals will always be easier than mimicking DNA.  

Second, every RFID tag type has a certain operating lifetime, but DNA is 

practically imperishable, since raw-material-based DNA is encoded to the 

product and the synthetic DNA will most likely outlast the lifetime of the 

actual product (SelectaDNA, 2015). Third, scalability for DNA identification is 

easy. When utilizing the raw material DNA, no additional measures need to be 

done in marking. With synthetic DNA, the same marker can be used in as high 

volumes as desired, for instance differentiating each batch as its own.  

3.2.7 Anti-counterfeit technologies  

For obvious reasons, ensuring trustworthiness of coins, bills and checks has 

been under serious consideration throughout their use. In many aspects these 

technologies are similar to ones used in whole different applications, but 

typically they are devised by combining different marking techniques into one 

system. Although, the emphasis for the prevention of monetary counterfeits is 

more evident, security has been a topic of stern interest for all the product 

identification systems (e.g., BRIDGE, 2008; Meyer et al., 2009; Ray et al., 

2014; Xiao et al., 2007).  

The advances made to prevent monetary counterfeits are interesting as they 

have a strong correspondence to other solutions from another fields. For 

instance, chemical components can be precipitated on a coin surface layer, so 

the presence of a specific substance can be regarded as a proof of authenticity 

(The Royal Mint Ltd., 2014), much similar to synthetic DNA marking (see 

Subsection 3.2.6).  

Another technology is based on a micro-engravement that is done to coin 

surface, photographed and referenced to a database, which can be later used 

verify the authenticity by simply referencing the engravement to an existing 

database (Royal Canadian Mint, 2012). Apart the more demanding application 

field and the proposed, sophisticated reference archive, this technology is just 

another approach on markings (see Subsection 3.2.2).  

The approach combining acoustic identification or analysis techniques (see 

Subsections 3.2.4 and 3.2.5) is even more in tune with another application 

fields. The reference point for the identification can be hidden inside the coin, 

so that the uniqueness can be achieved by empty holes or inlays of different 

material with alternative properties (Mint of Finland Ltd., 2013). This 

approach has strong resemblance to ones based on determining the intrinsic 

properties of the material and thus might be easier applicable to other 

industries or solutions. 
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3.3 Intelligent products in internet of things context 

This section presents the Internet of Things (IoT) paradigm, along with some 

of the related applications. These include different types of sensor networks 

and the concept of intelligent products, which can be seen to relate to sensor 

networks. Intelligent products may either contain a number of sensors or, in 

fact, be sensors themselves. The chapter continues to evaluate the design 

principles of the different intelligent systems, including the method on of the 

intelligence are generated. The chapter concludes by discussing the paradigm 

of communicating material and based on all the previous, continues to 

formulate a construct for intelligent material, addressed in this thesis.  

3.3.1 Internet of Things 

The Internet of Things (IoT) is a paradigm that is rapidly gaining foothold in 

the scenario of modern wireless telecommunications and is widely discussed 

in various fields. The basic idea of this concept is having a variety of things or 

objects around us interacting with each other through unique addressing 

schemes, cooperating with their neighbors in order to reach common goals 

(Atzori et al., 2010). Actualization of these visions into the real world will need 

integration of enabling technology, such as RFID tags, embedded sensors, 

actuators or utilization of other devices, like smart phones.  

Many alternative definitions for these IoT paradigms have been introduced 

in the past. Since discussing the rivaling definitions for IoT is not relevant for 

this thesis, a definition proposed by ITU-T (2012, p. 7) will suffice: “A global 

infrastructure for the information society, enabling advanced services by 

interconnecting (physical and virtual) things based on existing and evolving 

interoperable information and communication technologies.” Furthermore, 

the ITU-T (International Telecommunication Union’s Telecommunication 

Standardization Sector) is a United Nations led agency for information and 

communication technologies that is designated to produce unifying definitions 

for emerging technologies, so adopting their proposed definition is highly 

justified if not encouraged.   

Another widely used term with an abundance of definitions  – big data – is 

emerging both in academic and corporate worlds and it is highly related to IoT 

paradigm, if not directly a consequence of IoT applications. Big data is most 

often defined using three Vs; volume, velocity and variety, but others like to 

include up to two more; veracity and value (ITU-T, 2013, p. 14). However, yet 

again for the scope of this work, the important notion is that emergence of IoT 

will lead to increased amount of information being constantly generated, 

stored and available, i.e., to big data. Already in 2013, SINTEF (Stiftelsen for 

industriell og teknisk forskning, an independent, Norway-based research 

organization) presented a report stating that 90 per cent of the data in the 

world until then had been created during the previous two years (IBM, 2013; 

ScienceDaily, 2013). Following the universal adaptation of futuristic IoT 

visions (e.g., Ericsson, 2012; Kalay, 2006), this rate is only going to soar. 
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3.3.2 Wireless sensor network  

Wireless Sensor Networks (WSNs) are entities coupled from individual objects 

or things that are connected using wireless communication links. The 

increasing capabilities of these tiny sensor nodes are based on the 

collaborative effort achieved with a large number of nodes (Akyildiz & Vuran, 

2010). The sensors themselves are densely deployed either inside or very close 

to the surface of a physical object or product. A wireless sensor device (i.e., a 

single node) is generally composed of four basic components: a sensing unit, a 

processing unit, a transceiver unit and a power unit (Akyildiz & Vuran, 2010; 

Anastasi, Conti, Di Francesco, & Passarella, 2009).  

Mainly due to the size limitations, wireless sensor nodes carry limited power 

sources and rely on battery power (Akyildiz & Vuran, 2010). Therefore, the 

issue of reducing the energy consumption of nodes, so that the network 

lifetime can be extended to reasonable times, has been under heavy 

consideration (e.g., Anastasi et al., 2009). Other important development goal 

for the future is the miniaturization of sensor nodes, leading to new concept of 

wireless nanosensor networks (e.g., Akyildiz, Brunetti, & Blázquez, 2008; 

Akyildiz & Jornet, 2010; Chi, Zhu, Jiang, & Tian, 2013; Farooqi, Tabassum, 

Rehmani, & Saleem, 2014) 

According to Akyildiz and Vuran (2010), WSNs can be defined as systems 

composed of individual nodes that are capable of (i) interacting with their 

environment through various sensors, (ii) processing information locally, and 

(iii) communicating this information wirelessly with their neighbors.  

Since WSN consists of a number of sensor nodes working together to 

monitor a region to obtain data about the environment, typically, generating a 

WSN needs little or no infrastructure (Yick, Mukherjee, & Ghosal, 2008). So, 

two types for WSN platforms can be presented: high-end (structured) and low-

end (unstructured) (Akyildiz & Vuran, 2010).  

According to Gubbi et al. (2013), low-end WSN nodes are very similar to the 

ones composed of active RFIDs. The construction of a low-end WSN is based 

on a dense collection of sensor nodes that can be deployed in an ad hoc 

manner (Ghosh & Das, 2008). After that the network can be left unattended to 

perform monitoring and reporting functions. Due to the multitude of nodes 

and the lack of structure in low-end WSNs, network maintenance such as 

managing connectivity and detecting failures is challenging (Yick et al., 2008).  

If WSNs require additional functionalities that cannot be efficiently carried 

out by the low-end platforms, some additional, supporting infrastructure can 

be created using high-end platform WSN, in which a number of sensor nodes 

are situated in a pre-planned manner (Yick et al., 2008). In high-end WSN 

nodes can be integrated to existing networking infrastructure or feature higher 

capacity, that is required in networks where processing or storage hubs are 

integrated with sensor nodes (Akyildiz & Vuran, 2010).  

Since the data is transferred wirelessly, the inevitable requirements for the 

function are protocols for wireless data transfer. Naturally, desirable solutions 

are universal and interoperable with existing networks. Maybe the most 

promising contender in the race for promising technologies, ZigBee, is already 
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used in domestic applications enabling smart homes (ZigBee Alliance, 2015) as 

well as in a number of construction industry applications, establishing the 

functionality in demanding environments (e.g., Chae, Yoo, Kim, & Cho, 2012; 

Cho, Kwon, Shin, Chin, & Kim, 2011; Ding et al., 2013; H. Yang, Chew, Wu, 

Zhou, & Li, 2012). 

3.3.3 Ubiquitous sensor network  

Ubiquitous sensor network (USN) has strong correlation to the notion of 

wireless sensor network (WSN). They mostly differentiate on an abstract level; 

whereas discussion related to WSN focus on technological aspects, examining 

the current possibilities and prerequisites for new applications, USN models 

focus more on depicting the future and new possibilities that development on 

USNs can provide. The term ubiquitous is derived from Latin word ‘ubique’, 

meaning ‘everywhere’ (ITU-T, 2008), hence it is logical that the emphasis on 

having things communicating with each other is the essence of USN. 

International Telecommunication Union (ITU) proposes a concept of a ‘4A 

vision’, where objects could interact with each other anywhere, anytime, by 

anyone and anything (ITU-T, 2008).  

Although some consider USN as a synonym for WSN (e.g., Chae et al., 2012, 

p. 6), maybe  more appropriate interpretation would be that USN is an 

extended version of WSN, and requiring not only wireless sensors, but also 

supporting access network, infrastructure, middleware and applications 

platform to operate (Gavrilovska, Milutinovic, Krco, Trobec, & Stojmenovic, 

2010, p. 267).   

Ericsson (2012) provides a vivid vision of USN in their blog, presenting the 

concept of social web of things (SWoT).  The company depicts few futuristic 

scenarios, where objects interact seamlessly with each other, and with the user 

as well. For instance, a pill bottle can notify through a social web interface that 

the medication is running low and schedule an appointment with a physician 

that a calendar application notes down (Ericsson, 2012).   

In the field of internet of things, the concept of objects interacting with each 

other is becoming widely acknowledged and can be seen as the next, upcoming 

topic. All of these applications are based on the notion of USNs that generate 

ubiquitous intelligence. Whether being referred as SWoT (e.g., Chung et al., 

2014; Ericsson, 2012; Mashal et al., 2015; Rau et al., 2015; Zhang, Cheng, & Ji, 

2012) or social internet of things (SIoT) (e.g., Atzori, Iera, & Morabito, 2014; 

Atzori, Iera, Morabito, & Nitti, 2012; Ortiz et al., 2014), the concept of having 

objects or machinery socializing with each other is presented in more widely 

known format as Web 2.0 (e.g., Chung et al., 2013; Gubbi et al., 2013; 

Hintikka, 2007; Kamilaris, Papadiomidous, & Pitsillides, 2011; Mashal et al., 

2015; O’Reilly, 2007), that was first, though inconclusively, presented in 2004 

by O’Reilly Media (Hintikka, 2007, p. 8).  

Although Web 2.0 notion is widely known and increasingly used in different 

contexts, creeping its way, for instance, to legislation (European Comission, 

2007), the concept  of Web 2.0 is so vaguely defined that the actual meaning of 

the notion depends highly on the context. Most often it has been used to refer 
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web pages that rely on user as content providers, e.g., Wikipedia, Twitter or 

Facebook (European Comission, 2007), making a distinction to traditional 

web pages, where content is exclusively produced by the site administrator, 

e.g., company websites. A lot of Web 2.0 based sites involve socialization 

among users, thus generating a social network that represents the user’s 

established connections. Based on the IoT concept, the SWoT and SIoT 

paradigms aim for utilization of Web 2.0 related social networks, noting that 

integration with existing systems would diminish the need of recreating these 

networks from scratch (Mashal et al., 2015). For instance, a car with SWoT 

features could authorize its use to the owner’s designated group of Facebook 

friends (Mashal et al., 2015, p. 13). 

In addition to SWoT and SIoT based approaches, a vast number of other 

applications for USN have been envisioned. Underlining the rapid 

development, a lot of examples still presented as possibilities a few years back 

(ITU-T, 2008, p. 5), are currently not only possible, but already becoming an 

industry standard. These application fields include intelligent transportation 

systems (ITS), robotic landmine detection, water catchment and eco-system 

monitoring, real-time health monitoring, bushfire response and remote 

sensing in disaster management. Although, depending on the application field 

and the technological readiness in the referred sources, some are widely 

adopted while others are mainly leaning on the ubiquity of sensors, i.e., to the 

concept of having all things able to communicate. On the latter category, an 

idea of using bees with attached radio-frequency identification sensors to 

detect possible traces of explosives (Bromenshenk, Henderson, & Smith, 

2003) can be seen as a prime example of ideology valuing quantity over quality 

regarding sensor networks, since despite the apparent lack of control in the 

system, the idea is still pursued forward (Habib, 2007). To offer a prime 

example of already widely adopted applications, the proposed intelligent 

transportation systems (ITS) are very much a reality. In ITS a vehicle is packed 

full of sensors that are used to collect traffic tolls (e.g., FasTrak, 2012), 

monitor the ambient traffic or even alertness of the driver and braking or 

activating additional safety systems (e.g., Volvo, 2015).  

As the current trend of development in technology, as well as in industry, is 

toward cloud based applications, which are often referred as big data 

environment in industry, in many cases this will lead to increased number of 

smart products or objects linked together. Depending on the design of these 

systems, they are essentially either USNs or systems based on simple items 

with unique identity and supporting database. 

3.3.4 Intelligent products    

According to McFarlane et al. (2003), an intelligent product is a physical and 

information-based representation of an item which should have part or all of 

the following characteristics: (i) unique identity, (ii) capable of communicating 

effectively with its environment, (iii) able to retain or store data about itself, 

(iv) deploys a language to display its features, production requirements, etc., 

(v) capable of participating in or making decisions relevant to its own destiny.  
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According to Kärkkäinen et al. (2003) the determining concept for an 

intelligent product is the reversed control point of the supply chain or products 

during their lifecycle. In other words, the items in the supply chain have 

control over how they should be handled and where they will end up next. 

Kärkkäinen et al. (2003) propose that an intelligent product should: (i) 

possess a globally unique identifying code, (ii) have links to information 

sources about the product across organizational borders, either included in the 

identification code itself or accessible by some look-up mechanism, and (iii) be 

able to communicate what needs to be done with them to information systems 

and users when needed, even pro-actively.  

Gutiérrez et al. (2013) try to unify the varying terminology by proposing an 

umbrella term: smart thing. The proposition, in its simplicity, would tie 

different concepts depicting essentially the idea together. Under the smart 

thing umbrella would be included the all combinations of intelligent or smart, 

and products, objects or systems. However, despite illustrating the paradox of 

current state-of-art literature’s confusing and overlapping terminology, this 

classification doesn’t really produce much more to the discussion. It should 

also be mentioned that the concept of smart things has existed long before the 

work of Gutiérrez et al.  (2013), for instance Ma et al. (2005) discussed the 

idea almost a decade earlier, and even currently a lot of work uses the same 

term, while dismissing the proposed definition (e.g., Atzori, Carboni, & Iera, 

2014; Espada et al., 2015; Mayer, Tschofen, Dey, & Mattern, 2014).   

Without trying to implement new terminology to the field, Miorandi et al. 

(2012) are more interested in understanding the underlying principles. They 

define ‘smart object or thing’ through six requirements, stating it needs  (i) to 

be a physical object, (ii) posses a unique identifier, (iii) to be associated to at 

least one name (human-readable) and one address (machine-readable) (iv) 

have at least minimal communication functionalities, (v) possess basic 

computing capabilities, at least a passive RFID, and preferably (vi) possess 

some actuating or sensing capabilities, e.g., for temperature.  

Even though suggested terminology slightly varies and has different focus 

areas, the literature is very coherent on the most important research 

challenges for the future. Miorandi et al. (2012) point out identification and 

sensing or actuating capabilities as the most important properties for internet 

of things objects, and thus as the most important research challenges. Mayer 

et al. (2009) highlight three aspects; identification enabled tracking of assets, 

sensing or actuating abilities of objects and last, the fact that the increased 

information will enable to postpone decisions so that adequate reaction to 

disturbances is possible. 

Although the definition for intelligent product emphasizing on unique 

identity and the ability to harvest additional information based on that identity 

has been somewhat universally adopted across the field, some literature, 

however, either suggest alternative approaches or develop the definition 

further. Representing the former category, for example, is Ventä’s (2007) 

proposition for intelligent products and systems reminding of USN: (i) 

continuously monitor their status and environment, (ii) react and adapt to 
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environmental and operational conditions (iii) maintain optimal performance 

in variable circumstances, also in exception cases, and (iv) actively 

communicate with the user, environment or with other products and systems. 

For the latter category, in attempt to tie these contesting definitions together, 

Mayer et al. (2009, p. 140) propose a concept that, in order to further 

elaborate the differences of types of intelligent products, they should be 

classified using three metrics; level of intelligence, location of intelligence and 

aggregation level of intelligence.  

3.3.5 Creating the intelligence  

The notion proposed by Mayer et al. (2009), that classifies intelligent 

products’ attributes on a threefold scale, brings an interesting tool to the 

discussion. This model is presented in Figure 10. Since the terminology is 

proven to present paradoxal characteristics, using this kind of classification 

model offers a method to bypass these limitations and provide a way to discuss 

the concepts in a universally agreed means.  

 

  

Figure 10. The threefold categorization model for intelligent products, proposed by Meyer et al. 
(2009).  

The model proposed by Meyer et al.  (2009) feature three metrics, presented 

in three axes; level of intelligence, location of intelligence and aggregation 

level of intelligence. Level of intelligence refers to the sophistication level of a 

product. The simplest products, for example products containing passive RFID 

tags, fall in to the first category that is capable of ‘information handling’, i.e., 

being able to communicate their unique identity. In turn, the ‘decision making’ 

category features the state-of-art products and systems, like USN, and in the 

most extreme cases, can completely manage their own life, and are able to 

make all relevant decisions by itself, without any external intervention 

(Kärkkäinen et al., 2003). Location of intelligence refers to the system for 

decision-making process; does the decision making process occur at the object 

itself or through the supporting network. In the first scenario, objects need 
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computational power, storing capacities and network connectivity. (Meyer et 

al., 2009) Whereas in the latter, products operate only as a identifier or, at 

most, as a sensor, e.g., measuring indoor temperature, and distribute the 

information to a remote server, where computing algorithms or human 

operator make corresponding decisions, e.g., open ventilation shaft hatch to 

cool down the facility. In ‘intelligence through network’ scenario each product 

have a virtual counterpart at the remote server (Främling, Holmström, Ala-

Risku, & Kärkkäinen, 2003). Since objects are becoming increasingly 

intelligent, this might lead to manufacturing products that are composed of 

several components having intelligence on their own. This leads to third 

dimension of the model; ‘intelligent items’ only manage information and 

notifications, or make decisions about themselves, whereas ‘intelligent 

containers’ are also aware of the components they are made of and may act as 

a middleware for them. So, the aggregation level of intelligence leads to new 

demands, as the components needs to be able to discuss with each other and 

even survive platform changes (Meyer et al., 2009). 

3.3.6 Communicating material 

Yet another term emerging in the field is ‘communicating material’, initially 

introduced by Kubler et al. (2010). Compared to existing definitions, 

communicating material has an important distinction – it emphasizes that the 

product becomes intrinsically communicating, in its wholeness. This can be 

achieved by using technologies that identify materials on their intrinsic 

properties or by incorporating identifying tags haphazardly into the raw 

material. Although used in a number of studies since (e.g., Jover et al., 2013; 

Kubler et al., 2015; Kubler, Derigent, Thomas, & Rondeau, 2013; Mekki, 

Derigent, Rondeau, Zouinkhi, & Abdelkrim, 2013; Mekki, Derigent, Zouinkhi, 

Rondeau, & Abdelkrim, 2014), the definition fails to yet be universally 

established. 

Incorporating identifying tags already into the raw material, for instance 

µRFID tags to fabrics (Kubler et al., 2014, 2015; Kubler et al., Kubler, 

Derigent, Thomas, et al., 2013) or RFID tags to slabs of concrete (Zekavat, 

Moon, & Bernold, 2014), offer important possibility in enabling data 

collection, since when the material becomes intrinsically identifiable, the 

tracking will be possible even after dividing or cutting up a sheet of raw 

material to pieces or disassembling a product. Based on the notion of 

communicating material, the information would also be embedded uniformly 

throughout the material, i.e., the same set of information can be collected from 

various locations from the material, ideally from anywhere (Kubler et al., 

2014). Communicating material brings an important element to system 

design, especially when constructing systems of Meyer’s et al. (2009) model 

with high aggregation level of intelligence.  
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3.3.7 Construct for intelligent material 

Intrinsic properties that can be used for product identification have been 

discussed in more detail in the preceding sections. The suggested solutions 

featured determining material’s absolute composition, utilizing acoustic 

emission or microscopy and determining the DNA of material (Chapters from 

3.2.3 to 3.2.6 respectively; see also (Deguilloux, Pemonge, & Petit, 2004; 

Fuentealba et al., 2006, 2004; Jover et al., 2013). Reducing the number co-

existing RFID tags added to the product would ease the identification and 

disassembly of intelligent containers, i.e., in situations when multiple different 

tags end up attached to a single product made from various components. 

In order to resolve the limitations of existing categorizations, this thesis 

proposes a new division for the existing terminology. If the designed 

identifying method is based on an external device to be added to the item (e.g., 

a RFID tag), it should be referred as an intelligent product. If the identifying 

method is based on the intrinsic attributes of the material itself (e.g., DNA of a 

tree, see Deguilloux, Pemonge, & Petit, 2004), or the identifying tags are 

distributed to the raw material instead of a finished product (e.g., µRFID tags, 

see Kubler, Derigent, Thomas, & Rondeau, 2013), it should be referred as an 

intelligent material. Bearing this distinction in mind, the majority of existing 

studies have discussed the intelligent product paradigm (e.g., Främling et al., 

2007; Kiritsis, 2011; Ness et al., 2015) and thus their proposed managerial 

implications are not directly applicable to intelligent material paradigm.  

 

 

To further elaborate the definition of intelligent material; in this work, 

intelligent material is a material construct that:  

 

i. Possesses globally unique identity  

ii. Based on that identity, anyone handling that item can retrieve 

information either (or both) from  

a. A supporting database at remote server 

b. The local memory in the material  

iii. The information could include, but is not limited to, exact 

composition, process parameters of previous actors, handling or 

processing instructions and sorting instructions for recycling or 

disposal  

iv. The information may be encrypted, but the unique ID must be visible 

at all times 
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4. Business models  

Business models have been under serious interest of scholars during the last 

decade. The grown interest has seen to relate to the rapid advancements in 

technology (Teece, 2010), which has not only changed drastically the everyday 

items people carry around (e.g., smart phones) but also the ways content is 

created and delivered on these devices. Since competition in the information 

age differs greatly from traditional businesses occurring around tangible 

products (Shapiro & Varian, 1999), new technologies have enabled business 

models that would have been impossible in the past. Probably the most well 

known examples of such new models are advertising based and freemium 

models (McGrath, 2010), further discussed in Subsection 4.4.4. 

As argued before in this thesis (see Section 2.4), sociology and organizational 

sciences literature suggests that structural holes provide potential for social 

capital (Burt, 2004; Nahapiet & Ghoshal, 1998) that in turn can generate 

competitive advantage when successfully leveraged (Dyer & Singh, 1998). This 

advantage can be utilized when devising a novel business model that combines 

existing processes, actors or functions to enable generating similar outcome in 

a better way. The better way of doing can be, for instance, faster, cheaper or 

simpler process, or making products that are more customizable (Williamson, 

2010).  

In addition to inventing new products, discussed in previous chapter, the 

other typical way leading to new opportunities and ultimately to deceiving a 

new business model is to do something ordinary but in a unordinary manner. 

A prime example of this kind of innovation is presented in Subsection 4.4.3, 

discussing the German start-up Bonaverde, a company trying to reinvent how 

consumers purchase and brew coffee in their homes. The type of innovation, 

which combines two or more existing operations by a third party, resembles 

the bridging of a structural hole (see Chapter 2 for details).  

4.1 Background  

4.1.1 Interest to business models is increasing  

The academic interest to the concept of business model has soared in recent 

years. The establishment of the term has been connected to the rise of internet 

(Zott, Amit, & Massa, 2011), which made it easier for scholars and business 

practitioners to get familiar with the notion, but also forced many traditional 
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brick and mortar companies to rethink their distribution strategies if not 

whole business models (Teece, 2010). The growth of internet raised questions 

on how businesses deliver value to the customer and how they can capture 

value from delivering information, since the share of free content rose 

aggressively (Teece, 2010).  

Demonstrating the rise of the term business model, Zott et al. (2011), also 

referring to earlier work carried out by Ghaziani and Ventresca (2005), 

illustrate the development by pointing out that the interest in business models 

practically exploded in the timespan from 1995 to 2009, resulting over 

thousand results in EBSCO Business Source Complete database. However, the 

academic interest to business models is still far from declining, which can be 

easily demonstrated by redoing the work of Zott et al. (2011) search for 

academic publications found in EBSCO database: in the timespan from 

January 2010 to December 2014, the number of results has already doubled 

(up to 2402 hits) after their study.  

4.1.2 What are business models? 

Business models have been referred as a recipe for making business work 

(Baden-Fuller & Morgan, 2010). The analogy is very well fitting. Scholars have 

worked hard to analyze exemplar business models, and based on that offered 

managerial implications on improving other businesses, i.e., producing recipes 

for pursuing desired outcomes. However, not all cooks can make all recipes 

work, while on the other hand, a number of alternative recipes may produce 

similarly delicious outcomes. So, the thing to remember when evaluating 

business models is that different combinations or approaches can be 

successful, even within similar constraints. In turn, simply adopting a 

successful business model will not be enough to assure competitive advantage 

– let alone a sustainable competitive advantage – since imitation is often easy 

(Teece, 2010). 

On a general level, business models have been referred to as an architecture 

(e.g., Timmers, 1998), a structural template (e.g., Amit & Zott, 2001), a 

conceptual tool or a model (e.g., Osterwalder, 2004), or as a representation 

(e.g., M. Morris, Schindehutte, & Allen, 2005), among other things. Business 

models have been used in studying various phenomena, including 

monetization of e-businesses (Pauwels & Weiss, 2007), explaining value 

creation mechanisms in networked markets (Zott & Amit, 2009), describing 

societal wealth improvements (Thompson & MacMillan, 2010), and in 

explaining firm performance (Afuah & Tucci, 2001).  So, given the broad range 

in the focus of study, the confusion related to business models is partly 

justified. Researchers may be tempted to adopt idiosyncratic definitions that 

fit the purposes of their studies, not considering how their definition can be 

reconciled with existing ones (Zott et al., 2011). Zott et al. (2011) try to clarify 

the situation by making a distinction for three main areas of study relating 

business models: (i) e-businesses and utilization of information technology in 

organizations (ii) strategic issues, i.e., value creation and capture through 

firm’s activities (iii) innovation and technology management. Zott et al. (2011) 
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suggest that analyzing definitions within these frameworks can provide better 

coherence to the definitions. 

Regardless of the conceptual differences among researchers, there are some 

universally emerging themes, as Zott et al. (2011) has pointed out. Most 

importantly, there is widespread acknowledgement for the business models 

being a new unit of analysis that is distinct from the product, firm, industry, or 

network. While the business model is centered on a focal firm, its boundaries 

extend wider than those of the firm. Business models focus on a system-level, 

holistic approach in explaining how firms do business and on the activities of a 

focal firm and its partners, when forming a conceptualization of a business 

model. Business models seek to explain both value creation and value capture. 

(Zott et al., 2011) The essence of business models is in explaining how the 

company delivers value to customers, entices customers to pay for that value 

and converts those payments for profit (Teece, 2010).   

4.1.3 Definitions  

Despite the growing interest in the topic, scholars have been unable to 

establish universal, comprehensive definition for the concept of business 

model. Clearly, scholars do not agree on what a business model is. Also, the 

concept of business model has been used a number of times without an explicit 

definition of the concept, taking its meaning more or less as granted (Zott et 

al., 2011). On some level the cutting of corners can be explained with the 

inherited assumption in economic theories that trades take place around 

tangible products. The assumption is thus fading away the problem of value 

capture, when it is simply assumed that if value (i.e., a product) is delivered, 

customers are willing to pay for it (Teece, 2010). By referring to existing, 

generally adopted views on competitive strategy (Porter, 1980), Teece (2010) 

states that in mainstream approaches, there has simply not been reason to 

consider the value proposition to the customer, the architecture of revenue 

and costs or about mechanisms to capture value, since price versus perceived 

value is considered the demanding factor – the customer will buy product if 

the price is lower than the yielded utility and in turn producers will supply if 

the price is equal or higher to costs. The wide array of views is demonstrated in 

Table 1, which collates proposed definitions by different authors. 

Table 1. Suggested definitions for the term business model 

Study Definition 

Brandenburger 
& Stuart, 1996 

Business model is an organization’s approach to generating revenue at 
reasonable cost, and incorporates assumptions about how it will both create and 
capture value 

Timmers, 1998, 
p. 2 

The business model is “an architecture of the product, service and information 
flows, including a description of the various business actors and their roles; a 
description of the potential benefits for the various business actors; a description 
of the sources of revenues” 

Amit & Zott, 
2001, p. 511 

The business model depicts “the content, structure, and governance of 
transactions designed so as to create value through the exploitation of business 
opportunities” 

Zott & Amit, 
2010, p. 216 

Based on the fact that transactions connect activities, the authors further evolved 
this definition to conceptualize a firm’s business model as “a system of 
interdependent activities that transcends the focal firm and spans its boundaries” 
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Study Definition 

Chesbrough, 
2010, p. 529  

The business model is “the heuristic logic that connects technical potential with 
the realization of economic value” 

Teece, 2010, p. 
179 

“A business model articulates the logic, the data and other evidence that support 
a value proposition for the customer, and a viable structure of revenues and costs 
for the enterprise delivering that value”. It reflects “management’s hypothesis 
about what customers want, how they want it and how an enterprise can best 
meet those needs, and get paid for it.” 

4.1.4 Why do business models matter? 

There are at least four major benefits that derive from business model 

conceptualizations (McGrath, 2010):  

i. Outside-in (instead of inside-out) focus, changing the interest from 

own core competencies to determining customer needs and values  

ii. Realization that business models need to be learned over time 

iii. Stressing that there is no sustainable competitive advantage, rather 

temporary advantages only lasting until competition catches up or 

markets change  

iv. Accepting that increased strategic understanding is discovery driven 

rather than planning oriented.  

4.1.5 Relation to strategy and tactics 

The emergence of business models oriented views is appealing to scholars 

since it alters the way companies’ strategies are analyzed, simultaneously 

changing the focus and underlying assumptions for the analysis (McGrath, 

2010). Strategy literature has traditionally used industry positioning, resource 

based or dynamic capability views to dissect company’s competitive advantage 

(Töytäri, 2015). The business model concept has offered a new unit of analysis, 

that maintains a systemic perspective on how companies operate and focuses 

on value creation, which can be made in cooperation with other actors (Zott et 

al., 2011).  

According to Porter, “strategy is the creation of a unique and valuable 

position, involving a different set of activities” (Porter, 1996).  It is the plan of 

actions, one where the elements of choice are policies, assets, and governance 

structures (Casadesus-Masanell & Ricart, 2007). The company’s strategy is 

reflected in its business model. Casadesus-Masanell and Ricart present 

differences of business model, strategy and tactics as follows (Casadesus-

Masanell & Ricart, 2010): 

 Business model refers to the logic of the firm, the way it operates and 

how it creates value for its stakeholders  

 Strategy refers to the choice of business model through which the 

firm will compete in the marketplace 

 Tactics refers to the residual choices open to a firm by virtue of the 

business model it chooses to employ.  

Put differently, strategy is designing and building of a car, the business model 

represents the car itself, and tactics are how you drive that car (Casadesus-

Masanell & Ricart, 2011). 
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4.1.6 Business models are recipes for success 

Although crediting for Boumans (1999) as the first initiator for 

conceptualization of business models as recipes, Baden-Fuller and Morgan 

develop the idea further (2010). They conceived business models as recipes 

that can be used for providing managers and scholars a way to describe and 

distinguish the variety of types of business behavior we find in the world of 

firms. More notably, recipe analogy helps when trying to devise formulas for 

success, and outlining how the exemplar cases, provided by certain famous 

examples, fit in. Because business models are generalizations constructed from 

the facts of experience, yet creating abstract concepts, they are considered to 

be ideal-type (Baden-Fuller & Morgan, 2010).  

Proven business models are tried and tested, hence they can be seen ideal-

types that other companies might want to emulate and follow (Baden-Fuller & 

Morgan, 2010). But making the models successful in other contexts requires 

some alterations to be made, to best suit the each given industry setting. The 

recipe analogy underlines how companies can both follow the lead of rivals to 

imitate the proven business models, but can likewise that there is no single 

way on how businesses can make money, rather there are a number of generic 

types with countless possible variations within each (Baden-Fuller & Morgan, 

2010).  

In order to form universally adaptable conceptualizations through analyzing 

real-life cases, business models are typically ideal type models (Morgan, 2006) 

that combine bottom-up (taxonomy) and top-down (typology) analysis 

(Baden-Fuller & Morgan, 2010). Taxonomies are classes of things, constructed 

by observing things or kinds in the world and then by sorting the observations 

into categories based on similarity, i.e., bottom up, whereas typologies are 

conceived top down, as different types are decided theoretically or 

conceptually and then the objects are divided into category deemed to be the 

best fitting (Baden-Fuller & Morgan, 2010). This combination is illustrated in 

Figure 11. 

 

Figure 11. Business models combine bottom-up and top-down analyzes (adapted from Baden-
Fuller & Morgan, 2010, p. 161) 

4.1.7 Adopted definition for business models  

This thesis adopts the definition proposed by Itami and Nishino (2010, p. 

367), further explicated later in the Chapter and illustrated in Figure 17. The 
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business model of a company derives from two integral parts, the profit model 

and the business system. Profit model describes the company’s strategic intent 

to differentiate from its competitors, while its business system refers to the 

system designed to realize that intent. For the business model to be successful, 

it needs to earn revenues in the short term but also to learn and adapt in the 

long term (Itami & Nishino, 2010). Excelling in both areas not only generates 

profits but also provides means to adapt when needed in the future. 

4.2 What makes business models important? 

Despite the increasing interest on business models, the practical usage of them 

is still lagging behind. First of all, some companies seem to struggle with a 

comprehensive understanding of their business model, so they are not aware 

when to adjust their existing one and when a truly new business model is 

required (Johnson, Christensen, & Kagermann, 2008). In order to anticipate 

the upcoming transitions in an industry, McGahan instructs to analyze the 

trajectory of change (2004), with the scope variating from radical, when both 

core activities and core assets are threatened, to progressive change, when 

neither are.  

4.2.1 Helping the companies to evolve 

It is never easy for a company to admit that their established business model is 

starting to become obsolete. If a company has managed to get into a desired 

market leading position, naturally they fight tooth and nail over it, like Kodak 

so famously tried to retain their business model extending from camera and 

film sales up to developing that film in to the pictures printed on paper 

(McGrath, 2010). However, to be sustainable in the long run, businesses must 

morph over time in order to respond to the on-going technological 

advancements and market changes (Teece, 2010). Although it might not seem 

appealing, the companies should constantly assess their actions and try to 

anticipate upcoming changes. It is always better solution to act on the 

company’s own initiate, rather than wait to the point when they are obliged to 

abandon their old models entirely, like Kodak during the digital imaging 

revolution (McGrath, 2010) or Goldman Sachs and Morgan Stanley with 

enforced conversion from investment banks to federally chartered commercial 

banks (Teece, 2010).   

4.2.2 Anticipating industry changes 

A manager can try to anticipate the forthcoming industry changes after 

thoroughly analyzing the current situation (e.g., Amit & Zott, 2012; Johnson et 

al., 2008; McGahan, 2004). The first step is the identification of a real 

customer need for a product or service that the company can satisfy (Amit & 

Zott, 2012). Then, the company needs to dissect the situation, defining on 

what to really offer to the customer and how it will be done (Johnson et al., 

2008). This step includes defining the business model content, structure and 
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governance, in order conceive the structure for the operation (Amit & Zott, 

2012). And last, the overall image needs to be evaluated against existing 

business models, to see if it could generate novel value for each participant 

and if it could be economically viable (Johnson et al., 2008).  

McGrath proposes that managers should engage in three critical 

conversations, in order to assess whether the company’s particular business 

model is under the threat of being eroded (McGrath, 2010). The companies 

should discuss with the leading technologists, oblique competitors and current 

non-customers. First, by discussing with technologists, the companies can get 

insights on how the technology and thus the market could be changing in the 

near future, making it possible to plan ahead. Unfortunately, the company’s 

managerial board too often neglects the results of these discussions. For 

instance, Kodak was one of the leaders in developing digital imaging 

technologies, but failed to make the transition from traditional film industry. 

Second, by gathering information from the actions of indirect competitors, the 

company may be able to anticipate if a completely new rival would enter the 

market with a product that provides a new kind of offering to an existing 

demand. McGrath examples this with the standards war fought between Sony-

backed Blu-Ray and Toshiba-backed HD-DVD technology. Sony won with Blu-

Ray, but the victory is overshadowed by the emergence of in-demand video 

streaming services that make the recorded DVD disks obsolete. Third, the 

discussions with current non-customers can help the company to see how they 

should change their business model in the future. These conversations can 

enlighten if the products are currently too expensive or if the offerings are 

geographically unavailable. Nokia made these discussions work with launching 

an alternative line of mobile phones directed to developing markets (McGrath, 

2010). The result was a mobile phone that could be used smoothly by a 

number of different users, e.g., with different address books. 

4.2.3 Evaluating new opportunities 

Evaluation of business models examples reveals (see Section 4.4 for details) 

that the outset of a novel business model is typically initiated by one of two 

factors (McGahan, 2004):  

i. Discovery of a new technology or technique enabling completely new 

things, thus new businesses 

ii. When a company combines existing elements, processes and 

technologies, making new kind of connections and positioning 

themselves into a new market position, which was nonexistent 

beforehand.  

These initiating acts have also been indicated in previous studies (e.g., Teece, 

2010). And in some cases, recognizing a demand or a possibility of a new 

market position (the latter) may lead to development of enabling technologies 

(the former) (Johnson et al., 2008; McGahan, 2004). Comparing the two 

identified options to possibilities to bridge a structural hole in an industry 

setting presented earlier in this thesis (see Section 2.4.2) reveals the strong 
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interconnection of these notions. It would truly seem that devising a novel 

business model could be regarded as bridging of a structural hole. 

4.2.4 New business models are required and so created 

As the constant development of information technology is enabling more 

extensive connection, easier data collection and decreased unit costs, many 

industries seem to be moving toward a higher information content in both 

products and processes (Porter & Millar, 1985). Technological development is 

bound to change the existing business models in the steel industry, as it has 

changed manufacturing industry through automation (Porter & Heppelmann, 

2014). Furthermore, information intensive industries, where the information 

may even be the product susceptible for transaction, have whole another 

operation models as the traditional manufacturing-focused industries 

(Shapiro & Varian, 1999). Expediting the change, it is highly likely that 

company’s new model generating competitive advantage through information 

technology also spreads to affect industry structure, as competitors imitate the 

leader’s strategic innovations (Porter & Millar, 1985).  

Matthyssen et al. (2013) discussed the Dutch steel industry’s anxiety caused 

by recession and globalization, underlining the immense pressure for the 

whole supply chain to evolve.  The study noted the interesting paradox existing 

among the interviewed steel industry actors – while the actors acknowledge 

the urgency for change and, e.g., have tried to become more flexible in their 

offerings, many of the changes have not succeeded due to the heavy resistance 

for change, the inherited and conservative structures and attitudes, 

accompanied by the lack of cooperation (Matthyssens et al., 2013).  However, 

Porter (1998) has strongly endorsed the benefits of geographic connections for 

interconnected companies and institutions in a particular field, stating that the 

competitive advantages in a global economy that increasingly lie in the local 

things that distant rivals cannot match. This potential has been acknowledged 

in industries (e.g., Dutch steel industry, see Matthyssens et al., 2013), but the 

lack of legitimacy and trust between the potential partners has prevented 

intensive information sharing or value co-creation relationships from growing.   

However, as scholars have indicated, changing a proven business model is 

never an easy decision for a company to make (e.g., McGrath, 2010; Teece, 

2010). Neither has the incumbent companies been eager to put considerable 

efforts in designing new business models, since they have not seen the urgency 

for that. That means that majority of the novel business models emerge from 

new entrants in the industry, possibly accompanied with completely new 

technologies (McGrath, 2010). New business models arise from a new set of 

operational guidelines, so from the perspective of incumbent companies they 

might look unappealing (Christensen, 1997), since:  

i. They are designed for customers that they do not serve 

ii. For a price points that they consider unattractive 

iii. They are built on resources the company do not possess or recognize  

Teece (2010) have tried to formulate an illustration of the needed elements 

when designing a novel business model. According to his view, the company 
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should constantly keep in mind the ways to create value for customers, how to 

entice payments based on it and how to convert these payments into profits. 

This illustration is presented in Figure 12.  

 

Figure 12. Elements of business model design (adapted from Teece, 2010). 

4.3 Business models and information  

Competition in the information age differs significantly from the traditional 

setting, which is build around exchange tangible products for money or other 

valuables (Shapiro & Varian, 1999). In businesses conducted over the internet 

new value can be created by the ways in which transactions are enabled (Amit 

& Zott, 2001). When comparing to traditional manufacturing industries, the 

biggest single difference in terms of production is that information is costly to 

produce, i.e., has up-front sunk costs, but cheap or free to reproduce (Shapiro 

& Varian, 1999). Information is transforming the rules of competition for 

established businesses in unprecedented way (Amit & Zott, 2001). It is 

changing the ways companies can generate competitive advantage in their 

markets (Shapiro & Varian, 1999) and how they create and capture value, 

illustrated in Figure 13 (Amit & Zott, 2001). In other words, information 
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industry has both demanded and generated novel business models (Teece, 

2010).  

 

Figure 13. Companies need to seek new approaches for maintaining their competitive 
advantage in the information intensive environments (Amit & Zott, 2001) 

4.3.1 The traditional view on competition brought to information age 

New technological revolutions, like increased intelligence and unique identity 

of steel slabs and products, could bring different economical possibilities to 

different actors in the steel industry. Building upon the value chain concept 

(Porter, 1985), scholars are evaluating how companies could generate 

themselves competitive advantage through higher information content in 

products and processes (Porter & Millar, 1985) and how these developments 

effect local clusters, i.e., networks of interconnected companies, including 

suppliers, infrastructure providers and customers (Porter, 1998). For utilizing 

information technology on existing industries and markets, Porter and Millar 

(1985) present three main sources for creating competitive advantage: 

lowering cost, enhancing differentiation and changing competitive scope.  For 

generating totally new businesses through the use of information technology, 

the study proposes three ways: simply by making new businesses 

technologically feasible, generating derived demand for new products and 

creating new businesses within company’s existing one (Porter & Millar, 1985).  

Porter and Millar (1985) go further to presenting suggestions for executives, 

on how they should compete in the information age. First, the company should 

evaluate the existing and potential information intensity of products and 

processes, focusing on the amount of data viably stored to a product and the 

number of direct contacts (e.g., suppliers and customers) they need to 

communicate with. Second, partly based on the amount of data, they should 

determine the role of information technology in the industry and how it will 

affect the competition. Third, the company should identify and rank the ways 

in which information technology might create competitive advantage, what 
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linkages among activities could be generated and how the information is 

embedded into the product and the process. Fourth, managers should 

investigate how information technology might spawn new businesses, e.g., 

could the company monetize the generated information. And last, based on all 

the above, the company should develop a plan for taking advantage of 

information technology, making investments if necessary, adjusting product 

development or initiating organizational changes. (Porter & Millar, 1985) 

Despite the considerable age of the study, the underlining ideas for generating 

competitive advantage are still valid. The same principles can be updated to fit 

better the concepts brought up by IoT and intelligent products, as despite the 

changes generated by technological advantages, “the rules of competition and 

competitive advantage remain the same” (Porter & Heppelmann, 2014, p. 67).   

4.3.2 Business models for smart products and intelligent materials  

Since the concept of intelligent materials and smart products is new, emerging 

and constantly evolving, there is at the moment not that much literature 

discussing their implications to existing business models and competition. To 

date, the conducted studies have remained on a very abstract level or have left 

question marks when addressing the technological side issues.  

Despite some very reputable earlier work on business models (e.g., Porter & 

Millar, 1985; Porter, 1985, 1998), scholars may struggle to comprehensively 

grasp – or at least present – the fundamental properties of smart products and 

their effect on the value chains and business models. For instance, they may 

neglect issues that other research areas have identified as the most essential 

research questions, like the power supply and energy consumption of wireless 

system nodes (e.g., Anastasi et al., 2009).  

In essence, smart objects referred by Porter and Heppelmann (2014) are 

WSN nodes, as the singular units are capable of similar things. However, their 

definition for a smart object does not mention the power supply for the device 

(2014, p. 67). The difference is evident when comparing it to the definitions 

presented for WSN nodes (e.g., Akyildiz & Vuran, 2010, p. 2). Although there 

have been some promising development on zero-power sensors (e.g., Pursula 

et al., 2014), overlooking the power supply issues can be regarded as an 

example of the simplifications that the more business-oriented literature tends 

to make, when discussing the effects of increased intelligence of objects or 

materials. 

4.4 Business models that changed the industry or market 

 

All companies have business models, but those who are able to organize 

themselves and their interactions with customers and suppliers in totally 

unprecedented way, have a possibility to profoundly shape their respected 

industries and rise to legendary status (Gambardella & McGahan, 2010). The 

selected examples present companies that have been able to transform their 

industry by introducing a groundbreaking business models, as well as 
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explicating remarks on how companies have initiated businesses that are 

based on free offerings and alternative revenue streams.   

4.4.1 Swift & Co.  

An early example on how a new technology and a new business model may act 

as important enablers to each other, is the case of revolution of meat industry 

by Swift & Co. back in 19th century America. Back in the days, cattle were 

transported live for long distances from Midwestern producers to East Coast 

markets and were slaughtered by local butchers. This was not only costly, but 

many of the animals did not travel well and lost weight or even their health on 

the way. To resolve this issue, Swift & Co. wanted to slaughter the cattle and 

pack the meat before railroad transport, but this could be done only during 

cold winter months.  

So, to take the idea further, the company decided they needed refrigerated 

railroad cars and were able to start the deliveries with them in 1881 (Swift & 

Co., 2015). After few years, in collaboration with local agents, they set up a 

nationwide network of refrigerated storage facilities to keep the merchandise 

in prime condition at remote locations. This network in turn helped to 

strengthen the brand and Swift & Co. to become an established figure in food 

industry. Underlining the benefits of the business model, Swift & Co.’s success 

quickly attracted imitators. So, the new model profoundly changed their 

industry. 

4.4.2 Apple’s iTunes and iPod  

When discussing examples on how a novel business model can revolutionize 

industries and completely change the related markets, one case stands above 

others – the story of how Apple changed music distribution industry with their 

combination of iTunes and iPod. And by doing that, the company also turned 

its financial performance, as Figure 14 illustrates (Amit & Zott, 2012).   

The novelty of Apple’s devised model to music industry was in the 

completely new way of combining the existing elements in the value chains. 

During the time of the launch, a number of different kind of portable media 

players existed on the market. Likewise, there was a technology enabling 

customers to shop online and to (illegally) download digital media to their 

home computers. Apple’s iTunes was the first legal pay-as-you-go method for 

downloading music (Teece, 2010) and they improved that service with an 

exemplary complementary product, the iPod, while focusing on seamless 

integration of both parts. This newfound integration increased the reluctance 

for customers to consider alternative products, increasing the brand loyalty. So 

Apple did exceptionally well to utilize the sources of value creation in e-

businesses, i.e., novelty, complementarities and lock-in (Amit & Zott, 2001). 

Apple has continued to focus on interoperability in their range of products, 

featuring Mac computers, iPads and iPhones, with the Handoff function 

(Apple, 2015b). The seamless interoperation of devices has been an integral 

source for Apple to generate lock-ins in their customers.  
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Figure 14. Development of Apple’s net income and stock price reflect successful product and 
especially business model innovation (Amit & Zott, 2012). 

However, Apple may have done things superbly compared to their rivals, but 

their business model has not proven to be unbeatable. New services for online 

music streaming, like Spotify, have made the ownership of physical or digital 

copies of the music obsolete, when the music is available through a cloud 

server in real-time (Morris, 2011). So, despite revolutionizing the industry with 

an exceptionally good combination of new technology and supporting business 

model, the gained competitive advantage was not sustainable. Apple and 

iTunes was able to outperform its direct competition through considerable 

first mover advantage, but still it was unable to withstand the outset of a novel, 

differentiating business model. Lately, the company launched its own Apple 

Music service (Apple, 2015a) intended to tackle the challenge set by Spotify 

and other online streaming music services.  

4.4.3 Bonaverde  

A Berlin based start-up company Bonaverde is a prime example of a company 

that takes building blocks of an established market, reshuffles them and by 

organizing them in a completely novel way, is able to target a market segment 
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that incumbent companies have neglected. The coffee industry has operated 

centuries in a same way from plantation to retailer selling a package of ready-

to-brew coffee, hence the companies that are part of that value chain have 

experienced it difficult to alter their models. The reluctance to change is a 

recognized characteristic of an incumbent company (e.g., McGrath, 2010; 

Teece, 2010).  

Instead of traditional coffee industry value chain, starting from a producer 

who sells the raw beans to dealer, who sells them in stock exchanges to the 

highest bidder, who then roasts, grinds and packs the beans, sells them to 

distributer who delivers to the stores, from where they are bought by the 

customer who finally brews them at home. Although the mentioned example 

consists of six actors, it is still a simplification that excludes certain steps, so 

the total number varies and goes even higher. The duration from roasting to 

home brewing may be anything from few weeks at best to several months or 

more, depending on storage times. Furthermore, the end customer may feel 

worried if the plantation owner has got a fair share of the profits, an issue that 

Fairtrade association has devoted to. Bonaverde addresses all these issues with 

their business model. Bonaverde has designed a coffee maker that will turn 

green coffee beans to brewed coffee, as it roasts the raw coffee beans, grinds 

them and finally brews the coffee, all automatically in one machine and 

without the need of user intervening. They have devised a machine that, 

actually, performs all activities of the former value chain, while simultaneously 

the company helps to directly connect farmers and customers, thus cutting off 

all the other actors in the value chain. At the same time the model is making 

the operation ethically sound to the end customer, as the plantation owners 

can freely set prices they feel comfortable with. (Bonaverde, 2015)   

Another well-designed detail of combining existing technology in a new way 

is Bonaverde’s method to utilize RFID tags in their distribution system. RFIDs 

have been used for ages in supply chain management, but Bonaverde plans to 

use the technology in a much more novel way. In their model, the farmers will 

encode the ideal roasting profile for their specific set of raw beans and add the 

tag in the bag of coffee beans sold to the customer. The customer just reads the 

tag with the coffee maker’s reader and based on the information the machine 

will run the program accordingly. (Bonaverde, 2015) Actually, this plan is very 

similar to models envisioned for using communicating material in textiles 

(Kubler et al., 2014, 2015). 

The long-term success of the business model still remains to be proven, since 

Bonaverde is just ramping up the production and are taking pre-orders for the 

first set of final customer appliances. According to their project plan, the 

proof-of-concept phase was successfully ended in July 2014 and the mass 

production is scheduled to begin in August 2015 (Bonaverde, 2015). However, 

the anticipation is high, as they have more than tripled their crowd funding 

goals both in Indiegogo and Kickstarter.  
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4.4.4 Everything that is free is not Freemium  

In many cases, ‘Freemium’ is a word used to describe an internet-based 

business model that is not based on a sellable product, but rather on offering a 

tool or a platform free of charge to users, while relying on alternative revenue 

models to generate profits for the company in the long run (e.g., Teece, 2010). 

Despite the popularity of the term, freemium is merely one alternative of a 

business model based on a product offered free of charge (McGrath, 2010).  

When a company decides to offer its product to a customer free of charge, it 

has to figure out an alternative model for generating income. One possibility is 

to get the customers hooked up, so they will later opt to purchase 

complementary software or services. However, the conversion rates to paying 

customers have been poor, so it is not clear how the model works (Teece, 

2010). At least six models have been identified for making the transition from 

physical products to intangible assets (McGrath, 2010), presented in Figure 15. 

 

 

 

 

Figure 15. Companies may need to consider transforming their business models from charging 
for a physical unit or service to other alternatives (adapted from McGrath, 2010). 

Advertising 

Arguably the best-known model based on free offerings is ‘advertising’ 

(McGrath, 2010), featuring such brands as Google or YouTube, in addition to 

other Web 2.0 sites relying heavily on user-provided content. In advertising, 

companies are evaluated on the basis of attracting customers, thus making 

them more appealing to advertisers, who pay the focal company for the access 

to its audience. Partly underlining the quick transitions that are possible in the 

internet industry, the advertising model is so well established, that it has spun 

off another, yet more traditional business models. For example, Splay 

Networks is an agent focusing on actors for social media platforms, acting as 

an integrator while taking their cut on future deals (Splay Networks, 2014). 

Splay have been able to combine traditional business of representation agency 

to the revenue streams generated through advertising model.  
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Cross-subsidization 

In ‘cross-subsidization’ the company gives its product or service for free or 

with notably reduced price, with the prospect that the transaction will generate 

bigger income in the future or with another part of the business (McGrath, 

2010). To date, cross-subsidized items are most often either a product sold 

with discounted price, with a hope for future revenues on complementary 

items, or free accessories bundled to products that are sold on full price. In 

former case, probably the most famous example is Gillette’s razor and blade 

model, where the razor is sold with non-existent profit in favor of enabling 

high margins on blades in the future. While on the latter, Nokia launched a 

‘Comes with Music’ (CWM) campaign a few years back, where a purchase of 

applicable mobile phone granted the customer a full one-year access to free 

music download catalogue as a complementary item. While the referred music 

service and brand Nokia CWM has later been discontinued without ever 

gaining a considerable market share, this type of service bundling has been a 

popular gateway that simultaneously increases the appeal of the sellable 

product while generating a user-base for a new complementary service.  

Promotion 

‘Promotion’ refers to model where a low cost good is given away when 

promoting something completely different (McGrath, 2010). To differentiate it 

from cross-subsidization, the two bundled items are not related to each 

another and increase in the number of distributed complementary items will 

not result as an increase of the future sales of the original product. For 

instance, McDonald’s has famously coupled toys to their kids meal, or 

HappyMeal, but the promotion tactic has also been used when coupling all 

kinds of collectables to the purchase of meals.  

Freemium 

By definition, in a freemium model the basic version of the service or product 

is offered free of charge, but it is accompanied with advanced versions for the 

same services offering enhanced features or user-experience (McGrath, 2010). 

The freemium model is a prime candidate for introducing the ‘Goldilocks 

pricing’ (Shapiro & Varian, 1999, pp. 70–72).  When a customer is pondering 

over which microwave oven to pick, or simply selecting the size of a beverage 

when ordering fast food, the human nature tends to choose the middle-option. 

Bearing this in mind, the Goldilocks pricing strategy suggests that when a 

company has only two existing alternatives for similar product, introducing a 

third alternative ushers customers to select the middle-option, although they 

would otherwise chosen the cheaper alternative from the original two (Shapiro 

& Varian, 1999; Smith & Nagle, 1995).  

Barter 

A ‘barter’ business model revolves around bargaining, since it refers to the 

company giving the product or service away for free but with the notion of 

getting something valuable in return (McGrath, 2010). In historical context, 
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bartering was the act of exchanging of goods between merchants or peasants, 

i.e., a hunter would trade his prey with a farmer to get bread in exchange. 

Nowadays, bartering most often refers to a situation where a company gives 

away goods to customers in exchange of information or customer feedback. 

McGrath uses drug trials of pharmaceutical companies as an example, as they 

offer free medication to patients, who in turn are willing to enroll in clinical 

trials that may eventually lead up to validating a new drug (McGrath, 2010).  

Gratis 

The ‘gratis’ business model has become more prevalence with the rise of social 

media and Web 2.0 websites relying on user-provided content. In a gratis 

model, something valuable is provided free simply because those involved 

enjoy interacting or making a contribution. (McGrath, 2010) This behavior is 

basically what online encyclopedias or “wiki” sites rely on, but is also vital 

contributor to the success of many freemium-based models, i.e., Facebook or 

Twitter, since the voluntarily user-provided content is the biggest contributor 

for the appeal of the sites. The gratis model is also typically incorporated into 

marketing, as the snacks companies enquire their customers about which 

flavors to launch next or encourage them to make videos and post them online.  

4.4.5 Conclusion  

As the preceding examples in Section 4.4 demonstrate, a novel business model 

can have a determining effect on a company success (Amit & Zott, 2012). The 

example companies have based their success on devising a new way to provide 

existing services or products. In essence, the novelty value was not in the 

offered product, but on the method how the product was delivered or how it 

can be used to harvest the benefits from other sources. These goals could be 

achieved by making new kind of connections between existing actors, 

operations or parts. In other words, these companies have been bridging 

structural holes in their respective networks.  

It is important to notice that bridges over structural holes can break the 

existing industry boundaries. For example, Bonaverde has challenged the 

predominant business model of coffee industry actors, by incorporating 

elements from different fields to their model. Compared to traditional coffee 

brewing machines, Bonaverde utilizes more intelligent design and technology, 

e.g., in the RFID-tag controlled and automated brewing process, while they 

have also incorporated some elements of internet-based business models in 

their service, e.g., by offering the possibility for the customer and the farmer to 

interact directly through their service (Bonaverde, 2015). This interaction has 

resemblance on gratis business model (see Subsection 4.4.4). 

4.5 Developing a sustainable business model  

Since successful business models have proven to be relatively easy to imitate, 

no matter how novel the model itself is, it will not be enough to assure 

sustainable competitive advantage on its own (Teece, 2010). This fact is 
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evident, since multiple competitors have, for at least in some degree, decided 

to adopt the successful business model first initiated by a single actor in an 

industry. Or as it has been so famously phrased: “imitation is the sincerest 

form of flattery”. So, how could the companies protect their intangible assets, 

in other words, design business models that would be difficult – if not 

impossible – for their competitors to replicate? Since the business 

environment can almost never be completely the same, the applicable 

strategies for protecting company’s business model are highly situation 

specific.  

4.5.1 Designing a business model difficult to replicate 

Teece proposes three relevant factors for achieving a sustainable business 

model. First, the essence of business model may include systems, processes 

and assets that are difficult to replicate (Teece, 2010). One example of such is 

the first-mover advantage that has been a relevant factor in Wall-Mart’s 

success – the company put good sized stores in relatively small towns which 

other parties were ignoring and that were too small to support another similar 

sized store (Magretta, 2002), thus generating an essential first-mover 

advantage for their business model. Secondly, there likewise tends to be some 

level of opacity in every business model (Teece, 2010). Although the key 

processes of a company may be relatively easy to spot for an outside observer, 

companies do possess specific knowledge on how the models are implemented 

or which of its elements in fact constitute the source of customer acceptability 

(Lippman & Rumelt, 1982). And thirdly, companies in leading market 

positions tend to be reluctant to modify their business models, if the alteration 

might cause cannibalization of existing sales and profits, or otherwise unsettle 

established business relationships (Teece, 2010). This constriction for 

incumbent actors in an industry provides certain period of time for pioneering 

companies to enjoy from limited competition. However, the competition is 

likely to be fierce among the new entrants in the market contesting for shares 

in the emerging market. 

Traditionally, competitive advantage is conceived to be generated through 

two sources: (i) lowering costs, through optimizing the company’s value chain 

and core competencies; or (ii) enhancing differentiation, by generating a 

product superior or unique compared to rivals (Porter, 1985). This has been 

somewhat universally agreed as a proper guideline for a company to strive for. 

Scholars seem to agree that when a business model generates profit, it is 

because the company has developed activities and accumulated resources that 

increase the gap between operating costs and revenues by making the 

company more efficient than its rivals, in other words, by lowering the total 

costs or by outperforming the competition by generating bigger revenues 

through higher prices and greater volumes (Gambardella & McGahan, 2010).   

Unfortunately, as the constantly increasing information density is changing 

the rules of the competition, so these established presumptions are starting to 

become increasingly a thing of the past (Shapiro & Varian, 1999). The rules 

many companies have based their operations on may not be valid when 
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making a transition from tangible products to intangible assets. That is why 

the companies need to discover means to transform their businesses in order 

to rise to the challenge (McGrath, 2010; Teece, 2010).   

4.5.2 The importance of learning 

One aspect that all companies need to resolve through their business models is 

the boundary decisions of a company. In simplified terms, that refers to 

making decisions on which actions the company will do on its own and what to 

outsource or acquire through supplier or service contract. Most of the 

acknowledged business gurus root for the possibilities of outsourcing, enabling 

the company to fully focus on the development of its core competencies 

(Johnson et al., 2008). But a number of examples suggest that by doing things 

themselves, companies are able to generate valuable knowledge, which helps 

them later on to survive industry changes or to generate valuable first-mover 

advantages (Itami & Nishino, 2010).  

Toyota is a company that is regarded as a model example for lean 

manufacturing and therefore intensively studied. The essence of their ideal 

production line is one piece flow, where pieces move in sequence and on 

demand, i.e., ‘one-by-one production’ (Rother, 2010, p. 45). Should they attain 

that goal, Toyota should be enjoying of sustainable competitive advantage, 

albeit the other companies are doing their best to emulate that success. 

Japanese automobile manufacturers have enjoyed a reputation of mastering 

the optimization of production value chain (Cusumano, 1988), so the theory 

suggest this would be the main source of the company’s competitive advantage 

(Porter, 1985). However, all the other manufacturers in the industry, like 

General Motors, have similarly optimized their production value chain. One 

could argue that General Motors have done this better, by taking the 

economies of scale further. Yet, the onset of global economic recession led to 

worldwide crisis in automotive industry, which was devastating to General 

Motors in 2009.  Whereas the crisis would have driven General Motors to 

bankruptcy without a government intervention, Toyota managed to survive 

with relatively small damages. Clearly, the long-term success of an automotive 

company derives from something different than the traditional competitive 

advantage sources.  

4.5.3 Continuous improvement means thriving in the long-term 

Rother (2010) has suggested that the main reason for Toyota’s long-term 

success derives from the philosophy of continuous improvement. He defines 

continuous improvement as “moving toward a desired state through an 

unclear territory by being sensitive to and responding to actual conditions on 

the ground” (2010, pp. 8–9). The source of Toyota’s competitive advantage has 

not been in visible things, i.e., in practices, tools and principles that lowers 

costs or enables differentiation, but in invisible routines that ultimately leads 

to continuous improvement. This observation is also backed by the notion that 
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the main elements of business models are fairly transparent to an outside 

observer and thus easy to imitate (Teece, 2010).  

The invisible management thinking and routines of Toyota include 

‘improvement kata’ and ‘coaching kata’ (Rother, 2010), illustrated in Figure 

16. The word kata derives from martial arts, referring to a set of movements 

learned through repetition. In other words, Toyota has strived not only to 

develop a managing system that supports continuous improvement, but also to 

teach all their personnel and managers how to solve problems using a 

company-level, pre-planned formula. This refers to generating organizational 

routines (Nelson & Winter, 1982, 2002) designed for learning. Because 

routines can, at least in some cases, restrain the future innovativeness of the 

company (Töytäri, 2015), it is important that routines focus toward 

organizational learning instead of process optimization (Teece, Pisano, & 

Shuen, 1997).  

 

Figure 16. Toyota's coaching kata is designed to teach the improvement kata (Rother, 2010). 

The improvement kata derives from the assumption that if the process is 

working without problems, the development is standing still (Rother, 2010, p. 

139). A proper, desirable target condition for a company must at first seem 

impossible. This is needed to generate out of the box ideas that might turn 

impossible to plausible (Rother, 2010). By nurturing this type of corporate 

culture, Toyota has managed to develop a considerable competitive advantage, 

albeit in a very specific part of overall operations.  
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4.5.4 Information is less valuable than its generation process  

In Toyota’s philosophy – “Survive long term as a company by improving and 

evolving how we make good products for the customer” (Rother, 2010, p. 38) 

– an important part is the openness that partly derives from the ideology of 

continuous improvement and the willingness to solve problems as they arise. 

The company is open to visitors and shares their views on production and 

management to those who ask. They are not threatened by outside 

observation, since they are developing solutions to their specific process 

problems that are not directly transferable to other process environments. 

Naturally, the company is interested in securing its intangible assets, but the 

gained information itself is not regarded as important for the future success as 

the process that leads to learning. Rother illustrates this with an example of 

Toyota’s history from before the Second World War, when the company still 

manufactured weaving looms, not cars. Supposedly, Toyota’s CEO Kiichiro 

Toyoda responded when someone once stole the design plans for a loom from 

the company:  

“Certainly the thieves may be able to follow the design plans and produce a 

loom. But we are modifying and improving our looms every day. So by the time 

the thieves have produced a loom from the plans they stole, we will have already 

advanced well beyond that point. And because they do not have the expertise 

gained from the failures it took to produce the original, they will waste a great 

deal more time than us as they move to improve their loom. We need not be 

concerned about what happened. We need only continue as always, making our 

improvements.” (Rother, 2010, p. 40)  

It is not completely new idea to underline the value of the company’s ability 

to learn from its actions and improve its operation through these. In project 

management, scholars have argued for some years that the project success 

should not be measured alone on traditional metrics of scope, scale and costs, 

since a failed project on those metrics may still yield very valuable benefits for 

the company (e.g., Kerzner, 2014). Classical example of this is Motorola’s 

Iridium project, which as an engineering case was a total success but as a 

business case was a complete failure (Kerzner, 2009). However, the project 

provided Motorola invaluable knowledge and intellectual properties for the 

future (Kerzner, 2009, p. 995).  

In the contexts of business models, Itami and Nishino (2010) try to provide 

tools for the appreciation of learning for the future by dividing business model 

in to two elements: business system and profit model. In their model, 

presented in Figure 17, the profit model presents the traditional view of 

business models designed to earn revenues in the short term (e.g., Porter, 

1985) whereas the business system is designed to generate information for the 

company in the long-term. According to the model, the business system 

describes how the company is able to produce items and to deliver its products 

or services to its target customers (Itami & Nishino, 2010). In turn, profit 

model portraits the firm’s intentions about how it can generate profits in the 

given business, including how it plans to increase sales or reduce costs. 
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According to authors “a firm’s profit model is a model of its strategic intent to 

achieve various kinds of differentiation from its competitors, while its business 

system is a system designed to realize that strategic intent” (Itami & Nishino, 

2010, p. 364).  

 

 

Figure 17. Sustainable business model needs to acknowledge two parts; the profit model and 
the business system. It also needs to select its internal actions, from which it can learn for the 
future. (Adapted from Itami & Nishino, 2010)  

Reflecting the Itami and Nishino (2010) model, for example, to a well-known 

managerial tool called business model canvas (Osterwalder & Pigneur, 2010), 

indicates that the model consisting of business system and the profit model 

contains all the key elements described for analyzing a company business 

model. Comparing to the before mentioned business model canvas, the left 

side of canvas including key partners, activities, resources and the cost 

structure of the firm are elements of the companys business system. On the 

other hand, customer relationships and segments, channels for reaching them 

and the revenue streams are all vital elements in the profit model of a 

company. The central concept in business model canvas (Osterwalder & 

Pigneur, 2010), the value proposition, relate to both parts of Itami and 

Nishino’s (2010) model, as profit model describes the strategic intentions for 

value generation and capture, while the business system describes the means 

(i.e., tactic) to realize these intents.   

In order to thrive in the long run, companies should try to excel both in 

profit model and business system (Itami & Nishino, 2010). In Figure 17, the 

design of delivery system determines whether the company learns from the 

processes itself (internal production) or leaves this opportunity to others 

(external production) by outsourcing. The company needs to determine its 

core competence or core invisible assets or, in simpler terms, what it can do 

better than other firms. This defines the business system of a company, since it 

is largely dependent on the firm’s current core invisible assets. In turn, the 
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current business system design will, to a great extent, determine the future 

core invisible assets (Itami & Nishino, 2010). 

4.5.5 Sustainable business model is able to evolve 

It would seem that there does not, and cannot, exist such thing as a business 

model providing sustainable competitive advantage. There are an infinite 

number of parallel business models, even for a single industry, that are able to 

produce the same product for the same customer. A company can optimize its 

value chain in order to seek competitive advantage and arguably the one who 

does it best, will be leading the race and controlling the market (Porter, 1985). 

However, this kind of competitive advantage is strictly business model related. 

As a number of examples have shown (see Section 4.4), a company with a 

novel business model for the industry, combined to the incumbent companies’ 

reluctance to change theirs (McGrath, 2010), will be able to turn the tables. So 

business models offering the most sustainable competitive advantage are the 

ones that emphasize on the ability to learn, adapt and improve. This ability has 

sometimes referred as virtuous cycles of good business models (Casadesus-

Masanell & Ricart, 2010), illustrated in Figure 18. These virtuous cycles 

provide companies possibilities to constantly optimize their business 

performance. For example, it is possible for Ryanair to provide low fares (i.e., 

cheap flights), since they have low variable costs, but their reputation in 

offering the lowest fares also leads the customers to expect lower quality in 

received in-flight services, e.g., no complementary meals (Casadesus-Masanell 

& Ricart, 2011). This in turn provides Ryanair to keep the variable costs at a 

low rate, thus providing a self-reinforcing aspect to their business model.  

 

 

Figure 18. Virtuous cycles of Ryanair’s business model (Casadesus-Masanell & Ricart, 2011).  
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5. Methodology  

This thesis combines three topics from different research fields and combines 

them in a novel way. For that reason, generating comprehensive answers to 

the research questions required substantial amount of abductive combining 

(Dubois & Gadde, 2002), i.e., iteration between theoretical and empirical 

material.  

This chapter presents the research approaches employed in this thesis. The 

chapter begins with presenting the concepts of qualitative research and case 

study. Second, the different methods for data gathering are presented. Third 

section presents the methods for analyzing the data. The chapter concludes 

with assessing the validity of the research.  

5.1 Case study as qualitative research 

This thesis follows qualitative research approach for empirical research and 

uses case study method for data gathering. Since underlying concepts this 

study addresses are novel, case study methodology can be considered as a 

suitable approach for the purposes of this research. Due to the fact a case 

study has been defined as “an empirical inquiry that investigates a 

contemporary phenomenon in depth and within its real life context, especially 

when the boundaries between phenomenon and context are not clearly 

evident” (Yin, 2009, p. 17), it suits the objectives of the conducted research 

and provides support for the study. Although, many other scholars agree on 

case study method as a suitable approach to analyze phenomena in their real 

life context (Guest, Namey, & Mitchell, 2012), it has been stated that 

qualitative research is not meant to explain the whole world, but to focus on a 

minor part at a time when explaining the socially constructed structures 

(Tuomi & Sarajärvi, 2002). 

Qualitative research allows the researcher to explore a phenomenon in order 

to better understand the complex constellations and to gain a deep 

understanding on why things are the way they are (Oyegoke, 2011). Qualitative 

research strives for deep understanding of the observed setting. It combines 

different data collection methods, such as archives, interviews, questionnaires 

and observations (Guest et al., 2012; Yin, 2009). Case study is suitable for the 

needs of qualitative research, since it is focused to investigate one or a small 

number of social entities or situations using multiple sources of data, in order 

to develop a holistic description (Easton, 2010). However, it is important to 
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note that case study research provides views that can be regarded as exclusive 

to the particular case and general conclusions based on these observations 

should be considered as informed assertions. 

Qualitative research has been criticized to remain exclusive to the particular 

case studied and to be susceptible to human error and bias, while quantitative 

methods have been regarded to provide actual empirical evidence (Cooper & 

Schindler, 2013, pp. 144–145). The researcher has to participate in a socially 

constructed reality and cannot, therefore, maintain a wholly objective and 

neutral approach to the study. As qualitative research includes interviews and 

other methods that involves interaction with people and discussing 

experiences, needs, and wants, it is therefore affected by the cultural traditions 

and the subjective views of the interviewees. Consequently these may be 

reflected in the approach taken by the researcher (Alvesson, 1996). 

By qualitative research, researcher seeks to explain how and why things 

happen as they do, i.e., the process and the meaning (Cooper & Schindler, 

2013, p. 144). Qualitative techniques are used both in data collection and in 

data analysis when conducting the research. In the data collection stage the 

adopted techniques include reviewing the developing theory by reflecting the 

relevant literature, case studies to expand the accumulated knowledge and 

observation. In the analysis phase, qualitative research uses content analysis of 

written and recorded materials gathered by personal expressions by 

participants and study of artifacts and trace evidence from the physical 

environment. (Cooper & Schindler, 2013)  

5.2 Data and data gathering  

The research of this thesis consists the main case MaterialCo and eight 

complementary cases, accompanied with additional expert interviews and a 

thorough examination of relevant literature. For that reason, the adopted 

research approach can be described as a qualitative multi case study. 

Compared to single case study multiple cases increases possibility to 

generalize the finding due to larger amount of data (Eisenhardt, 1989). 

Admitting that forming generalizations based on qualitative research is 

considered a fundamental weakness (Cooper & Schindler, 2013), Eisenhardt 

argues (1989) a case study still to be an effective strategy for understanding 

the dynamics presented within single settings.    

5.2.1 Interviews   

Alike identified as the most important source of case study data by Yin (2009), 

interviews are also the most important empirical data of this thesis. Extending 

the size of empirical data gathered, this thesis formulates a number of 

secondary interview material generated by collective research efforts made in 

the research group.   

The structures for the interviews are presented in Appendices; see Appendix 

B for the case company MaterialCo and Appendix C for complementary case 

interviews. Since different researchers participated in conducting the 
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interviews, the structure of the interviews varied slightly to best suit the focus 

areas of their research. However, all the interviews discussed the topics 

relevant for this thesis and provided additional insight to questions found in 

Appendices B and C. The interviews were recorded and subsequently 

transcribed by an outside company.  

The interviewees were chosen based on their position and experience. The 

contact person at the case company screened and enlisted the key informants 

most relevant for the case. The interviewees from MaterialCo represented a 

diverse group across main firm, including high-level managers, customer-side 

employees (e.g., product experts) and industry experts. The interviews 

followed a purposive sampling (Eisenhardt, 1989) and semi-structured 

interview approaches (Yin, 2009), and the interviews were adapted based on 

previous responses. Focus in the interviews was directed towards conforming 

but also uncovering new insights not evident in earlier interviews. 

The interviews were conducted face-to-face, if possible. The main case 

company interview sessions typically lasted from one to two hours and in 

complementary case a bit under half an hour. For the main case company, 

MaterialCo, most of the interview data collected took place during 

approximately three-month period between February 2014 and April 2014, 

with few additional interviews later (n=20). The data for complementary cases 

were collected during period between September 2014 and November 2014 

(n=8). Different members of the research group conducted these first two data 

collection periods, prior to author becoming engaged in the project. The first 

two sets of interviews were supported by third set of interviews, made by the 

author, during the timespan from January 2015 to April 2014 (n=6). In the 

end, the author analyzed all of the collected interview material. A 

comprehensive list of the conducted interviews can be found as Appendix A. 

Initial interviewees were asked for referrals to potential interviewees and 

additional interviews ended when interviews only uncovered redundant 

information, which was considered to be a sign of saturation (Patton, 1990). 

Using interviewees from both main case company and other operators of the 

network, as well as different levels of hierarchy and functional areas, mitigated 

the interview bias. All interviewees were offered anonymity. 

5.2.2 State-of-art literature review  

As a part of this thesis a state-of-art literature review was conducted in order 

to form a comprehensive representation of current applications of intelligent 

material related solutions in the construction industry, an important segment 

using steel industry products. In addition to steel products, construction 

industry has a lot of different actors who utilize advanced technological 

solutions that relate to intelligent materials. The state-of-art literature review 

was conducted following the guidelines for systematic review (Petticrew & 

Roberts, 2006). The seven steps of systematic literature review are as follows 

(Petticrew & Roberts, 2006, p. 27):   

i. Defining the question the review is setting out to answer or the 

hypothesis that the review will test  
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ii. Determining the types of studies needed to locate in order to answer 

the defined question  

iii. Carrying out a comprehensive literature search to locate those studies  

iv. Screening the results of the search, i.e., deciding the inclusion criteria  

v. Critical appraisal of the selected studies  

vi. Synthesis of the studies and assessing the heterogeneity of the study 

findings  

vii. Disseminating the findings of the review 

 

Although positioned in the steel industry, most of the interviewees have a 

strong connection to the construction industry. For that reason, construction 

industry was selected to be the scope of the state-of-art literature review, as it 

deemed to best support the accumulated interview evidence. By making the 

state-of-art literature review on this single field the study could form a better 

understanding of the relation of public information, gained through literature 

sources, and the private information, held by the interviewees, that is still 

hesitated to be announced publicly.   

5.2.3 Secondary case material  

In order to generate as comprehensive description as possible, this thesis uses 

a certain amount of secondary case material to complement the firsthand 

material. This approach is endorsed to ensure the comprehensive gathering of 

background information for the study (Cooper & Schindler, 2013, pp. 130–

131). When presenting the second hand material, the thesis follows the 

guidelines set by Atkinson and Brandolini (2001, p. 784), where the 

“secondary data set should be a fully documented accumulation of earlier 

work, so that the user does not need to refer back to the earlier data sets in 

order to obtain a complete picture of the available information”. This will 

result in making the most recent study a consolidated presentation of the 

generated information to date. However, as all data sources should be 

considered imperfect, the secondary analysis should make the relation 

between different observations as evident as possible, in order to asses the 

reliability of the respective observations (Atkinson & Brandolini, 2001).   

The secondary material for this thesis is accumulated mainly through the 

state-of-art literature review (see Section 7.5.1), which was conducted by the 

author as a part of this thesis, in order to generate a comprehensive 

understanding of the current applications of intelligent materials in the 

industry. In addition to this primal data source for secondary material, 

academic journals and company websites were used to gather insight of 

different phenomena related to outset of novel business models. The goal was 

to form an understanding on how new businesses emerge under different 

circumstances.  
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5.2.4 Other data sources   

In order to broaden the perspective of the study even further, some field notes 

were taken, workshops held and discussions with experts conducted to 

complement the material collected from different sources. This approach was 

line with the perception to consider all material as usable data (Glaser & 

Strauss, 1967). The main goal when using these other data sources was to test 

the made implications and to make sure that the observations made during 

this research process were in line with other scholars.  

The expert opinions were not included in the interview material, since these 

were not considered as interviews, but rather as discussions. The experts had a 

direct or indirect affiliation to Aalto University, and provided expertise from 

the field of materials science, product design and information systems. 

However, in line with the other material in the study, the experts were given 

anonymity.   

5.3 Methods of analysis 

Since this thesis aims for dissection of a concept generated through a 

combination from different literature streams and acknowledging both social 

and technological aspects of the phenomenon, the analysis of material is 

likewise bound to combine both inductive and deductive reasoning. In other 

words, the research process is considered as abductive (Dubois & Gadde, 

2002).  An abductive analysis of the material involves simultaneous data 

collection and theory development, focusing on the active interconnection 

between the two (Dubois & Gadde, 2002). Observations based on a literature 

examination need backing from empirical results; as do the empirical results 

need to be suited to a proper theoretical framework, in order to validate the 

results. An illustration of this process can be found in Figure 19.  

 

 

Figure 19. Case study evolves during the process (Yin, 2009) 
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The research process follows an iterative process, which involves continuous 

revision for the data collected. The aim is to categorize the gained empirical 

data to suit the selected framework and to further extend the theoretical 

connection of the empirical observations. The data were categorized and 

dimensioned to identify both similarities within each group and intergroup 

differences (Eisenhardt, 1989). This thesis uses cross-case analysis for primary 

analysis technique, where findings from each case are aggregated through 

cross-case analysis, comparing the results to other cases. This method results 

in revealing similar themes across the cases and the differences among cases, 

while analyzing the reasons for those differences, resulting in the identification 

of the common themes that are relevant to the case (Yin, 2009).  

The empirical material in this thesis rather quickly reached a saturation 

point, where interviews provided very limited new information. However, at 

this point the material illustrated that the two studied concepts, intelligent 

materials and business models, could not be stitched together. This was 

inevitable, since the material perspective failed to consider plausible models 

for new businesses and the business side was unable to grasp the technological 

aspects needed for implementation. In other words, the situation is standing 

still, as the literature suggested (e.g., Matthyssens et al., 2013).  

5.3.1 Generating theories with abductive reasoning 

According to Glaser and Strauss (1967), research should focus on generating a 

theory based on the research data during the data collecting process. In 

abductive approach, the increased understanding on the subject is 

contributing to the collection of empirical material and theoretical views, and 

while the knowledge develops, it starts to guide further data collection. In 

systematic combining, the researcher combines the build up knowledge from 

empirical world, the case environment, theory and the outlining framework to 

direct further research (Dubois & Gadde, 2002). The research should continue 

data collection and theory iteration process until a point of saturation is 

reached, where no new relevant information is generated.  

When conceptualizing new connections or developing theories, the empirical 

data should be confronted without presumptions and with no theoretical 

constraints (Glaser, 1978). However, another view suggests that instead of 

completely empty mind, the researcher should contain an open mind when 

conducting the empirical research to collect case material (Siggelkow, 2007). 

This slightly more lenient approach was not only possible to achieve, but also 

nearly inevitable consequence of the case study results. Since the original 

approach generated hardly any results, the material had to be analyzed again 

with open mind from alternative perspective. 

The approach by Dubois and Gadde (2002) have some ideas coherent to 

Glaser and Strauss (1967). Both agree that the first step of data analysis is 

forming of conceptual categories and defining the properties of those 

categories, while the second step is forming of hypotheses or establishing 

relations between categories. The objective of the researcher may not be to 
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confirm theories, but rather to discover new things, i.e., other variables and 

relationships relevant to existing knowledge (Dubois & Gadde, 2002). 

Some scholars argue that a theory can never be finished (Glaser & Strauss, 

1967). They perceive theory as constantly developing entity that can be 

improved or altered based on new insights. Theory is a process, not a product 

(Glaser & Strauss, 1967). In an abductive research, the original framework is 

continuously modified, partly due to unanticipated empirical findings (Dubois 

& Gadde, 2002).  

5.3.2 Reasons to adopt abductive analysis in this research 

According to Glaser and Strauss (1967), good research questions can typically 

be determined only after an extensive data collection and analysis period, after 

which the researcher is able to form an adequate understanding of the 

researched topic and what are considered the most relevant questions in it. 

During this study, the research questions remained relatively unchanged, but 

the perspective from which they could be answered varied.  

The case study quickly resulted to a situation where no new information 

could be generated. However, answering to the research questions proved to 

be difficult without applying abductive reasoning. As Dubois and Gadde 

suggest, “in deep probing case studies, theory generation and confirmation are 

inseparable” (Dubois & Gadde, 2002, p. 559).  

For instance, the question on how the intelligence in materials could be 

increased proved difficult to answer. The concept has been studied in other 

fields (e.g., Kubler et al., 2015), but the actors in steel industry have not 

addressed this issue. The machinery is designed to be increasingly intelligent, 

but the material is not. Another important aspect left unanswered by the 

informants was the data ownership issue. It was clearly noted as a point of 

interest, but the answers to the question were uniform but unhelpful. Nearly 

all informants discussed on how the data ownership is a difficult question, 

ending their reflection by stating on how someone should really think answers 

to these questions. Saturation was reached (Patton, 1990), but no answer was 

found and thus abductive reasoning was needed to incorporate ideas from 

different fields or other material sources to complement the interviews 

(Dubois & Gadde, 2002). 

This unresolvable situation led to consider alternative ways to analyze the 

collected data. When the research questions designed for the case study and 

the produced material were observed through iterative abduction process, 

answers slowly started to generate. During this process, one new research 

question was adopted to complement the data ownership issue. The last 

research question (presented in Section 1.2) “SQ4: How the issue of data 

ownership affects the situation or development of new business models?” 

generated a follow up question:  

SQ5: Is the data ownership really an important issue?   
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Abductive approach to case research suits well to the needs of this study. 

Comparing to strictly deductive or inductive methods, the emphasis on the 

iterative nature (Dubois & Gadde, 2002) was fruitful for the success of the 

study. Similarly useful was the extended perception of considering all material 

as usable data, i.e., combining interviews, observational data, surveys, archival 

data and public material (Glaser & Strauss, 1967) to answer research questions 

more comprehensively.  

The interdisciplinary background of the study endorses for approaching the 

subject by abductive method, since the study combines literature from 

materials science, business models and sociology and organizational sciences. 

The final intention of this thesis was to determine what was going on in the 

steel industry regarding the intelligent materials and what are the main 

concerns of the companies. Based on these observations, this thesis aims to 

generate conceptualization on why the topic is regarded both interesting and 

in need by the companies, but at the same time the companies have failed to 

make advances on it. It is evident that this thesis cannot provide a completely 

polished view on how intelligent materials and business models are affecting 

each other in the steel industry, starting from the fact that either of the 

concepts have not established, universal definitions. However, this thesis aims 

to provide a nudge in the appropriate direction. 

5.4 Evaluation of validity and reliability  

Yin (2009) proposes four criteria to assess the validity of a case study design. 

The study should evaluate its construct validity, internal and external validity 

and reliability. These criteria are presented in Table 2 and elaborated in 

following subsections. 

Table 2. The quality criteria and the means for evaluating their validity (adapted from Yin, 2009) 

Quality criterion 
test 

Tactic to reach the 
quality criterion 

Method specific to conducted research 

Construct validity 
Identifying and 
choosing the 
relevant measures 
for the studied 
concepts and 
verifying 
observations 

Multiple sources of 
evidence 

- Multiple informants in the case company, 
complemented with stakeholder case companies  
- Use of secondary case material  
- Expert interviews to validate abducted observations 

Chain of evidence - Motivating and descripting the research objectives and 
questions to justify the conducted research 
- Providing sufficient amount of empirical evidence and 
findings to clarify the correlation to made implications 

Review of findings - Validating the made observations and draft of study 
results with the key informants 

Internal validity 
Demonstrating 
causal relationships 
between evidence 
and findings 

Explanation building  - Constant revising of the initial proposition following the 
build up of empirical and theoretical materials 

Pattern matching - Conducting literature review to present current state of 
the art solutions on how intelligence is increased 

Rival explanations - Comprehensively presenting the literature behind 
intelligent materials and business models 
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Quality criterion 
test 

Tactic to reach the 
quality criterion 

Method specific to conducted research 

External validity 
Defining the domain 
to which the results 
can be generalized 

Reflections to theory - Discussing how information intensity has changed 
businesses and how to increase intelligence of materials  

Replication logic - Indicating mutual benefits through the value chain  
- Suggestions for future research to validate propositions 
based on this study 

Reliability 
Demonstrating that 
the study can be 
replicated with 
similar results 
 

Case study protocol - Interview protocols guiding data collection  
- Presenting the findings according to different data 
sources and research question  

Case study 
database 

- Collection of material from different sources and 
presenting the findings based on source  

5.4.1 Construct validity  

The construct validity of the study refers to being able to identify and choose 

the correct operational measures for the concepts being studied (Yin, 2009). 

Yin suggests that the construct validity of a case research can be increased by 

using multiple sources of evidence, establishing a chain of evidence and 

allowing key informants to review a draft of the case study report (Yin, 2009, 

p. 42).  

As discussed in previous sections, a number of reasons led to deepen the 

reliance on alternative and complementing data sources in this research. The 

considerable number of interviewed informants enabled to broaden the views 

and perceptions provided by the interviews, in order to better understand the 

situation (Dubois & Araujo, 2007). In addition, empirical observations were 

backed up using material from secondary cases and literature that enabled to 

reference the made findings to existing studies and other fields. Furthermore, 

some expert discussions and workgroups were held.  

The chain of evidence was upheld first by motivating the reasons for the 

study and the questions relevant in seeking answers to the primary research 

question. After the research questions proved difficult to answer by empirical 

evidence alone, evidence from different sources was presented to make the 

abductive process leading to final propositions more transparent. The results 

of the study were validated with the informants and, finally, the findings were 

reviewed by presenting them to the case company representatives. 

5.4.2 Internal validity 

The internal validity is perceived to mainly concern explanatory case studies 

that try to explain how and why certain event will eventually lead to some 

other, predestined event (Yin, 2009). If this causal link is made with false 

pretenses, the research design has failed to provide internal validity. This 

situation can happen when event A is regarded to be a consequence of event B, 

while instead, is actually caused by event C (Yin, 2009).  

Although considered otherwise in the very beginning, explanation building 

became important aspect of this study. The causality is relevant when 

discussing the emergence of new business models, but also in other aspects. It 

contributes to determining on how intelligent materials could alter the steel 

industry, how different actors perceive the new possibilities they could 
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generate and when desired, why these solutions have not been established in 

the past. Yin’s approach to explanation building emphasizes the iterative 

process of the study (Yin, 2009, pp. 141–144), in which the initial theoretical 

statement is constantly revised according to the empirical case findings, in 

addition to other cases. This resembles abductive research design (Dubois & 

Gadde, 2002).  

The internal validity was also addressed by pattern matching and presenting 

rival explanations (Yin, 2009). By discussing the possibilities to increase the 

intelligence in materials and the reasons on how some companies have 

managed to reinvent their industry through novel business models, this 

research has aimed find patterns for success. In turn, presenting rival 

explanations for intelligent material solutions by thorough literature review 

complemented the explanation building.   

5.4.3 External validity  

Assessing the research’s external validity relates on to what extent can the 

results of the case study to be generalized outside the context of the given case 

study (Yin, 2009). Scholars have argued of quantitative research to be more 

easily generalized than qualitative (e.g., Cooper & Schindler, 2013, pp. 144–

145), but quantitative research aim for statistical generalization, whereas 

qualitative for analytic generalizations (Yin, 2009). As qualitative research 

strive for deep understanding on why things are the way they are (Oyegoke, 

2011), theory based on single case may be used to identify other cases to which 

the results could be generalized (Yin, 2009). Strong replication logic of a study 

suggests that the results from a single case can be generalized to other cases, 

may be reproduced by other researchers and likewise to identify other cases to 

which the results are generalizable (Yin, 2009).  

This study has tried to increase external validity by combining different 

sources of material and a number of complementary and secondary cases to 

the main case company findings. The made implications, based on theoretical 

reflections, have been iterated after considering the perspectives from 

alternative material sources and further validated with expert discussions and 

work groups. Due to the novelty of the studied topic, replication logic of the 

case study can be considered relatively high, as the benefits of the intelligent 

materials proved to be shared among different cases but also by different sets 

of stakeholders of the respective case environments. However, further 

research efforts are demanded to validate the made propositions, as the theory 

needs to be tested by replicating the findings in following studies (Yin, 2009).  

5.4.4 Reliability   

The reliability of the study refers to notion that if another investigator would 

follow the same procedures in the same case environment as described in the 

study, the later investigator would generate the same findings and conclusions 

than the original researcher did (Yin, 2009). The ability to regenerate the case 

results is somewhat ideal concept, as the underlining idea is to study the same 
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case again from beginning, instead of replicating the results with another case 

study. The goal of reliability is to minimize the chance of biases and errors in a 

study (Yin, 2009), for which the replicability is a good indicator. Since in 

qualitative research the researcher is involved in the data collection and makes 

interpretations using this data (Cooper & Schindler, 2013), there is bound to 

be some level of subjectivity in the generated results.  

The protocol of this study (Yin, 2009) included an interview protocol to be 

used in different stages of data collection and analysis to guide data collection. 

In addition to the specific questions asked from informants, the protocol 

included themes and categories that enabled to follow how the interview was 

developing and that all the relevant topics were discussed. The case study 

database feature a variety of data sources, including interview recordings and 

transcriptions, the company material, off-case company material, field notes 

and workgroups, expert discussions and, of course, existing literature.  
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6. Case environment  

Steel industry is a great example of a major industry branch that could benefit 

vastly from applying these increased intelligence materials, gaining various 

possibilities to the production flow throughout the whole supply chain. For 

that reason, the case material was gathered with MaterialCo, a manufacturer 

and a supplier of metal-based items, components and systems, including to 

actors in the construction industry.  

This chapter presents the backgrounds of the empirical cases. It is divided 

into two parts, illustrating the relevance of main case company MaterialCo but 

also the size of the interconnected network of actors influencing the industry. 

Throughout this study, the case company is referred as MaterialCo, its 

stakeholder companies by fictional, but descriptive names and the 

complementary cases used to depict different business models as Company X. 

6.1 MaterialCo: Seeking sustainable competitive advantage  

MaterialCo is a material and component manufacturer, participating in many 

fields of industry, including steel and construction. The increasing competition 

in both of these relevant sectors has led the company to struggle with 

profitability, as especially the steel industry faces stiff competition from 

emerging economies lead by China and India. MaterialCo has traditionally 

invested heavily in its research and development sector, being able to produce 

innovative products with distinguished design characteristics ahead of its 

rivals. But given the strict governance issues related to standardization 

processes, these higher quality products have failed to produce the competitive 

advantage MaterialCo has strived for. Both literature examination and the case 

evidence suggest that the steel industry actors do not perceive the product 

itself as a source of sustainable competitive advantage. This development has 

led the industry actors to look for alternative sources for generating long-term 

competitive advantages. 

However, the company is willing to develop the construction materials to a 

more advanced level, and thereby differentiate with their product. MaterialCo 

has identified the adaptation of internet of things applications as a potential 

source for new business opportunities. As the conducted state-of-art literature 

review indicates (see Section 7.2 for details), the potential of IoT revolution is 

not really addressed in steel or construction industry. This implicates that the 
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consequences of drastically increased information intensity is not fully 

understood and so leaves potential for a company to form a fist mover 

advantage.  The informants from MaterialCo agree that even if they are able to 

build completely new products with superior characteristics, the competitors 

are able to overcome the quality gap in a relatively short time period. In 

addition, some interviews were conducted to elaborate the business 

environment of the case company. These were made with the representatives 

of MaterialCo’s stakeholder network, from companies focusing on design, ICT, 

machinery and consulting. 

6.2 Complementary companies: Advanced business models 

The complementary cases represent mostly the same operational environment 

as the main case, but have a different angle to approach the competitive 

environment. The development of information technology, eventually leading 

toward smart buildings, has created dynamic networks of solution providers to 

the downstream of the construction business in a short amount of time. The 

complementary case companies represent agile SME’s (small and medium-

sized enterprises) that as solution providers have been able to involve end-

users in value creation and rapidly increase the utility value of buildings. 

Complementary case companies feature 8 companies that have successfully 

managed to make an entry into the construction segment of steel industry 

network. The contributing factor has been the utilization of customer 

information, such as energy consumption or ambient humidity of buildings. 

The development of information systems and the increase of sensor networks 

have allowed new actors to gain access to once proprietary information. This 

has created networks, where some companies enable access to the data and 

other companies build customer solutions based on that information. A 

summary of supplementary case companies is presented below in Table 3. The 

table presents the business areas, offerings and annual revenues of the 

complementary companies. 

Table 3. Description of complementary case companies. 

Firm Business Offering Sales 
(€) 

Company A Data acquisition from 
sensing devices 

Embedded control systems, smart building, building 
automation, data acquisition from vehicles 

214 k  

Company B Energy consumption Solutions for energy-efficient property management 
and access to the global online service 

391 k 

Company C Air handling and heat 
recovery systems 

Solutions and systems for fresh and clean indoor air 12 M 

Company D Security solutions for 
physical places 

Solutions for security technology, door automatics, 
locking, and time and attendance systems 

32 M  

Company E Energy efficiency in 
buildings 

Estimations and designs of building service systems 
before construction phase, management of 
maintenance 

24 M 

Company F Provide user interfaces for 
sensor data  

Provide user-interfaces and data warehouse 
services to sensor data 

92 k 

Company G Energy efficiency Solutions and services around wireless sensors 132 k 

Company H Develop tools for monitoring 
production processes 

High-tech products and services for online 
monitoring and imaging of high temperature 
processes 

- 
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7. Results  

This chapter presents the findings generated in the study. In order to form 

sufficient answers to the research questions, combining different data sources 

was demanded to provide insight from each field. For that reason, the 

following chapter is constructed by presenting different sources of data with 

allocating that information to the respective fields. Each section will provide 

answers from their perspective to some of the research questions, but none of 

them is able to answer to all the questions. To further clarify the structure, the 

research questions (RQ and SQ1-4) are constantly carried along when 

presenting the findings. 

7.1 Interview findings    

7.1.1 MaterialCo’s perspective 

The main case company MaterialCo has been interviewed extensively under 

recent years. The studies have analyzed the potential sources for competitive 

advantage for MaterialCo in the future. The results of this study are in line 

with the observations made in the previous research1,2, but provide completely 

new view endorsing the possibilities that intelligent materials could provide to 

MaterialCo as supplier and its potential customers, when providing tools for 

process improvement.  

RQ: How intelligent materials can change the steel industry business 
models?   

The steel industry companies are finding it increasingly difficult to gain 

competitive advantage through products. Constraining factors include the 

industry-wide demand for conformance to standards and the fierce cost 

competition that is led globally by new entrants from emerging markets. The 

constraints result in difficulties when making market transition from lower 

end to high-end products. In other words, traditional sources of industry 

positioning or their value chain (Porter, 1985), fail to provide companies 

competitive advantage in the steel industry.  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
1	  Matveinen,	  Juho-‐Ville.	  (2014).	  	  Social	  media	  as	  an	  enabling	  technology	  for	  business	  
platforms	  in	  digital	  service	  marketing	  (Master’s	  thesis).	  Aalto	  University.	  
2	  Orkoneva,	  Lauri.	  (2015).	  Gaining	  competitive	  advantage	  with	  platforms	  in	  a	  context	  of	  
manufacturers'	  service	  infusion	  (Master’s	  thesis).	  Aalto	  University.	  
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After a certain point, the quality or the product itself does not provide any 

advantage. – Director, MaterialCo 

We are not able to compete in bulk materials. Everybody can produce bulk 

material and we have higher production costs. – Director, MaterialCo   

Dynamic capabilities (Teece et al., 1997) can provide companies success 

through product innovation, but the need for standardization dictates that the 

differentiation benefits are difficult to generate or maintain. The interviews 

suggest that protecting immaterial assets by patenting is not an option, as 

customers hesitate to select patented products. 

In the construction business you can’t protect your product with patents. If you 

do so, the customers are afraid to buy materials without real competition 

between producers even if the product is better. – Director, MaterialCo  

Because of the patenting and standardization related issues, it is challenging 

to differentiate from competitors through more advanced products exceeding 

the properties of the current standardized materials. Nevertheless, the 

MaterialCo strives constantly to reach ever-higher capabilities in their 

products. One point of interest is in the increase of the intelligence in 

materials. Since various industries have already been transformed by the 

consequences of digital revolution, the actors in steel industry are curious to 

find ways to emulate this development.  

When the construction industry is ready to move towards stronger materials we 

are one step ahead of competitors and we have good references. Competitors 

will follow but then we need to continue product development to be always one 

or two steps ahead. – Director, MaterialCo  

The pressure for lower cost and for better quality forces operators to network. 

[…] If you want to improve the quality and cost, you must invest in automation. 

It means that there is a need to specialize and turn down the volume. – Director, 

MaterialCo  

In order to automatize processes, the raw material needs to be consistent in 

quality. Our products are very uniform, which gives us competitive advantage 

for some customers. – Director, MaterialCo   

According to informants at MaterialCo, information that is formed in 

construction processes and especially during the lifecycle of a building, 

generated from a large number of users has become a foundation for new 

business models. It has eased the entrance of new businesses and actors to the 

construction market. These new actors are focused to the information. The 

data generated from the design and building, all the way to maintenance phase 

is all seen as a potential asset to make business. 

Online information is coming and sensors will provide more and more data. It 

will change the construction business. – Senior Vice President, MaterialCo  
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Naturally, there is an enormous amount data in BIM-models [Building 

Information Modeling]. If there were ways to utilize the data, it would mean 

something very big. It would provide very important information for the 

business. – Director, MaterialCo  

Although this notion implicates that the tertius utilizing the structural hole is 

a third party, there is no direct obstacle preventing that a new system cannot 

be devised directly by either the supplier or the customer. However, so far the 

industry operators have been unable to take action. This may be due to the 

rigidity of the large industry actors and their governance.   

SQ2: How different actors in the steel industry could benefit from increased 
intelligence in materials?   

Currently, the studies made in the construction industry (e.g., Matthyssens et 

al., 2013; Ness et al., 2015) point toward the same implications that the 

interviews at MaterialCo suggests.  For the time being, there has been no actor 

capable of taking the orchestrator role needed to develop industry-wide 

intelligent systems. The customers hesitate to take on offerings from single 

party, in fear of being locked in to their system. The actors have kept a narrow 

focus on their actions, as the builders use intelligent systems to optimize the 

construction process, while the users of the buildings are interested on the 

optimizing the using phase. The maintenance phase of the building continues 

to receive little attention. 

Construction business is local and fragmented. It is basically impossible to look 

for the best economic solution for this structure. There are many different 

players to optimize their own doing and own results. In some way, you can 

probably find a satisfactory solution, but if client wants to find an excellent 

solution, it needs to break the rhythm of the construction in the first place.  

– Vice President, MaterialCo 

SQ3: How is a new business model created?  

MaterialCo’s strategy to invest heavily in product development drives them 

toward service offerings and value co-creation. They have already 

acknowledged how they are able to solve customers’ process problems, thus 

generating a potential model to further intensify the collaboration through the 

value chain. Their new products force them to offer more services around 

material and in many of the cases the material is just part of the larger 

solution.   

If we could gather data about the better quality of materials in buildings, we 

could show how much value better quality can offer. – Director, MaterialCo 

MaterialCo has strong focus in constant product development, since they feel 

it is the key for long-term success. A number of informants seemed convinced 

that the continuous product development is the key in staying ahead of 

competition.   
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Material companies can choose either offensive or defensive strategy with their 

products. If you are using offensive strategy and you try to avoid competitors to 

produce same kind of materials, there is great change that customers fear the 

lack of competition and you don’t have a demand. So we have chosen to follow 

defensive strategy where we ensure that we cannot be blocked from markets.  

– Director, MaterialCo 

Even though several parties at MaterialCo acknowledge the situation, the 

company is struggling to get a foothold on the markets with their new 

products. It would seem that the customers fail to see the benefits in using 

products with higher properties.  They understand that the product itself is of 

better quality than the bulk options, but are unwilling to pay for these 

properties. They prefer the existing, cheaper, simpler and most of all, proven, 

options. However, MaterialCo holds the constant development of products in 

high regard, since it is seen as a way to stay ahead of competition.  

The new products drive MaterialCo toward offering more services around 

material, as in many of the cases the customer look for a solution, not for a 

material. At the moment, managers at MaterialCo feel that they can generate 

competitive advantage through better level of service. Previous research noted 

that MaterialCo’s ability to control and orchestrate the whole construction 

process is an important factor providing them competitive edge. They are able 

to collect and benefit from customer information and to measure how the 

customers value the quality of construction materials. This ability has proven 

difficult for competitors to imitate.  

When customers are deciding which material to use, they don’t buy just 

product, they buy a combination of the product and services. – Director, 

MaterialCo   

We should have other reasons to use new products than just the price. For 

example salesman doesn’t sell Mercedes Benz because it is cheap. The idea 

should be selling something new and cool. – Vice President, MaterialCo   

From the MaterialCo’s perspective, it seems that an opportunity is arising for 

an industry wide orchestrator. This role can be taken by a party who can: 

F1a. Gather, combine and understand data  

F1b. Bridge structural holes of the industry, thus restraining the 

resource efficiency  

F1c. Show the benefits both to the customer and the supplier side, i.e., 

communicate the value of data to other parties  

 

7.1.2 Stakeholder network perspective 

The conducted interviews endorsed the benefits for intelligent materials in the 

case company and stakeholder network. It seems that actors in the steel 

industry hope for a system that would provide the items a unique identity and 

additional information based on that identity. Despite this demand is both 

clearly stated and mutually agreed between supplier and buyer, there exists 
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surprisingly little action on figuring the means how this kind of system could 

be devised. The situation resembles that depicted previously, where the actors 

in steel industry hope for a change but are reluctant to alternate their 

operations towards enabling that change (Matthyssens et al., 2013). 

When trying to address the research questions through the methods of case 

study, the analysis quickly reached a standstill. The interviewees were familiar 

with the concept of intelligent materials and systems, but they had not really 

considered what these advancements would mean in practice.   

RQ: How intelligent materials can change the steel industry business 
models?  

The interviewees could not provide sufficient answers to the main research 

question. It was clearly indicated that the informants had heard of the concept 

this thesis defines as intelligent materials, but have been unsuccessful when 

implementing to their respective corporate setting. The companies are unsure 

how intelligent materials will alter the current ways of doing business, but it 

would seem that some evolution is inevitably going to happen. 

On average, our customers are not aware of the possibilities that the increased 

intelligence or sensor technology makes possible, for instance, in resource 

optimization. There are single individuals more aware but organizational 

advances are slow. – CEO, Company G  

I feel that workshop companies expect to make substantial business on the data 

they collect from their own machinery [i.e., installed base]. In order to do that, 

new business models are likely to arise. – Systems design manager, Consulting 

company 

New businesses related to intelligent systems are so different than traditional 

selling of machinery that the company decided already on an early stage not to 

make prioritizations between the new and the old businesses. They are at 

different stage, so in comparison, the old, more refined business would always 

seem financially more appealing. – Development manager, Machinery 

company    

The case company interviews provided suggestions that the new technologies 

may change the steel industry, especially the actions related to construction 

business. It may well be that the development is going to be led by 

construction sector, since the EU legislation is driving the buildings toward 

higher and higher energy conservation. This may lead to increased intelligence 

of buildings, which enables different systems to be seamlessly integrated.  

Online information is coming and sensors will provide more and more data. It 

will change the construction business. – Senior Vice President, MaterialCo   

Many operators have an interest to collect data from the building process and 

there should be some universal ways to do it. At least at some point there will 

be. – Account Manager, ICT company 
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There is so much potential but the biggest challenge right now is lack of 

awareness about the possibilities that smart houses possess. – CEO, Company G 

SQ1: How it would be possible to increase the intelligence of materials?  

The informants gave a number of replies regarding how the intelligence could 

be increased, but all answers were relatively uninformative. The answers 

clearly pointed out how the actors have identified that IoT related 

development might lead to increase in the intelligence of materials. In other 

words, actors have acknowledged the concept that materials themselves could 

provide more refined information of their properties and proper handling. 

However, actors have not considered different possibilities to increase the 

intelligence in materials or how the more intelligent materials could be 

incorporated in to their own systems.  

I have not thought of what designing of intelligent systems would demand in 

practice. – Product group manager, MaterialCo   

A steel plate as intelligent material would contain the same information than 

the printed data sheet that is included in delivery and, for instance, handling 

and processing instructions accompanied with an online condition monitoring 

possibilities.  – Development manager, MaterialCo  

In principle, we have all the necessary instructions and information available. It 

is only question of how to distribute the data along with the steel, and how to 

incorporate the data to customers’ own processes. – Service director, 

MaterialCo   

Currently, the situation seems to be that two groups are discussing the same 

topic, but fail to reach an understanding. The more hands-on actors in steel 

industry have accustomed to the current situation and adjusted their processes 

accordingly. Other actors, more distant to the actual processes only see the 

possibilities and none of the challenges of practical applications. Difference in 

views has led to disagreement in benefits, methods and costs 

I am no material expert, so I’m free to act as a visionary. […] The change in 

magnetism due to wear, […] acoustic emission […] or changes in visible color 

might be ways to identify materials and monitor their condition. It could be nice 

if someone would study these possibilities. – Mining technology 

director, Consulting company 

We would need the information from usage, for instance, in heavy wear 

applications at mines, to monitor the durability, performance and wear. We 

could attach monitoring sensors to the equipment, but the sensors will break in 

those conditions. – Application manager, MaterialCo  

Industrial internet has huge potential and a lot of applications can be devised 

with a completely new approach. It may revolutionize the current models. […] 

At the moment, the executive level talks lot about industrial internet but these 

talks have not realized in production processes. – CEO, Company H  
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The interviews indicate that the industry is set on the notion that the increase 

in intelligence will be made by adding sensors to the buildings. As in previous 

studies (e.g., Porter & Heppelmann, 2014), a strong consensus exists that this 

is the best way toward IoT solutions and intelligent systems. However, that 

approach fails to consider the materials themselves as intelligent objects. The 

material is just a necessity, whereas the intelligence is generated through add-

on objects.   

Collecting data from buildings is not that expensive. The set-up for sensors and 

devices costs only couple hundred euros per house. It will pay of in couple years 

[…] of course it would be easier if the sensors would be installed already in the 

building phase. – CEO, Company A   

Many operators have an interest to collect data from the building process and 

there should be some universal ways to do it. At least at some point there will 

be. – Account Manager, ICT company  

It could be possible to design systems utilizing building information 

modeling (BIM) based on the current technology.  As the previous studies have 

demonstrated (e.g., Ness et al., 2015), these systems could contribute to the 

increase of energy efficiency in buildings, while simultaneously they could 

generate savings in construction. However, no actor has made advances so far. 

Right now BIM-models are only half utilized. After the building phase it usually 

just vanishes. – CEO, Company E   

Investors are increasingly interested about [building] information modeling, but 

usually they are not exactly sure what they really need. – Account Manager, ICT 

company  

SQ2: How different actors in the steel industry could benefit from increased 
intelligence in materials?  

At the moment, processes are only able to take into account the specific 

standard of given material. Since the standards allow some amount of 

variability between each object, a product may be unsuitable from the 

customer point of view, although it is conforming to the standard.  In some 

cases, the material may even be “too good”, so to speak. A material fulfilling 

the standard of higher quality and strength also happens to fulfill the lower 

standards. The customer may receive products of alternating properties from 

different suppliers, although they are all under single standard. 

In some cases, the customer is accustomed that our products are of certain 

quality, above the standards. Their processes run well with the product. If 

another batch of lower quality, but still well within the standard, causes 

problems the customer makes a claim on it. When we explain the situation, the 

customer is unwilling to pay extra for the better quality, although they desire to 

attain it. – Production manager, MaterialCo   

Standards have levels for yield strength and tensile strength. Two standards 

may have the same tensile strength but different yield strength. Since our 
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production quality is highly uniform, actually our lower quality product fulfills 

both of these standards. – Director, MaterialCo   

It would help if the customers would define the most important properties for 

the product and the acceptable level of variation for their more demanding 

processes. We could notify the customer that, although within standard, this 

batch is not suitable for the demanding processes. – Production manager, 

MaterialCo   

Eliminating the variation in raw material would further increase the control 

of the process, as it would eliminate one key variable of the process. It is 

demanding to optimize the process above certain threshold, without more 

refined material information.   

For instance, metal bending has many parameters affecting the elastic response, 

[i.e., the end result]. These include the surface treatment, direction of rolling, 

thickness, variance of thickness, strength and other material properties. All 

these affect to the process as a combination. If these were known and a machine 

learning -type application could be devised, ultimately the machine would learn 

that this material, with these specs, will behave this way in the process. – 

Systems design manager, Consulting company  

The bending machinery needs material information and if the material would 

know a little more about its properties, the machinery could be further 

automatized and the possibility for human error diminishes. – Systems design 

manager, Consulting company 

The distribution of information is considered challenging. In addition to the 

customer’s wishes for more refined material information, the suppliers would 

benefit from more refined usage data and knowing the most relevant issues in 

applications. The problems cannot be addressed, if the supplier does not hear 

them. 

Our strength is that we are able to answer all the questions of our customers. 

But the problem is that we do not know what the questions are. – Vice 

President, MaterialCo    

The intelligence in materials is bound to increase. But determining what, for 

instance, a building should tell about itself is the question. […] We have a 

system that notifies if the structure is under a heavy stress, nearing the safety 

limits. The system then instructs to take necessary actions. – Vice president, 

MaterialCo   

SQ4: How the issue of data ownership affects the situation or development of 
new business models?  

Since there has not been an industry wide standard on how the information is 

shared or distributed throughout different processes and actors, the data 

sharing is still an open and ambiguous question. Based on the company 

material, there exist two opposing views on data sharing. The early adopters, 
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presented by the complementary case managers, emphasize on data access 

and creative use of it instead of data possession.  

It wouldn’t bother if someone starts to collect data and offers APIs [Application 

Programming Interfaces] to access it. It just takes one step away from our 

business, since our core business is to develop data into valuable information. – 

CEO, Company E   

Information is the foundation of our business model. […] We do not collect 

information. Our customers do. We collect bits of the information from our 

customers. […] Without the information our markets would not exist. – CEO, 

Company F 

The more important the data itself is perceived, the more reluctant the 

companies are to share data. While the importance of customer information is 

presumed to rise in the steel industry, the lack of technical integration between 

different actors providing the information is preventing finding of the 

innovative solutions and thus business model development. 

Anyone who holds the information about the building has significant advantage 

over the other competitors when you need to repair or install new things in the 

building. – Software Technology Manager, Design company  

Five years ago construction business was about how good plot you can get and 

how well do you build your building. But five years from now it will be how well 

you handle and coordinate building information during and after the building 

phase. – Account Manager, ICT company 

At the moment, the shared data is not incorporated to the material. They are 

two different elements that are both delivered to the customer. Although the 

current situation enables nearly all the aspects the intelligent materials strive 

for, the challenge is the reliable combining of different items and the 

respective material information. 

In principle, we have all the necessary instructions and information available. It 

is only question of how to distribute the data along with the steel, and how to 

incorporate the data to customers’ own processes.  – Service manager, 

MaterialCo  

Since protecting the products by patenting is difficult in steel industry, the 

companies hesitate to share too much information along with their products. 

Making it difficult for competitors to imitate the production process is 

important.  On the other hand, most of the information is already open. A 

competitor can determine the used composition of the steel by analyzing a 

final product, whereas the handling instructions and other information is 

available online at the company website. 

If the information is incorporated to the steel, it is difficult to prevent 

competitors getting their hands on that information. But on the other hand, 

most of this information, e.g., handling and processing instructions, can be 
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retrieved from our company website by anyone, at anytime. – Development 

manager, MaterialCo   

It seems that companies that are not currently conducting information 

sharing, hesitate to do that. The companies that are already active on this are 

more open to information sharing and emphasize the positives instead of 

negative aspects. 

Our logic was that both parties [we and the customer] get the same data. We 

were satisfied, since with our knowledge base, we can make further implications 

on that data. But some customers were aware of this and refused to share the 

data with us. – Mining technology director, Consulting company 

 

 

 In short, the interviews provided three clear conclusions:  

F2a. The actors in steel industry are familiar with the notion that this 

thesis defines as intelligent materials. The benefits of the system, 

build on intelligent materials, are known and understood, 

therefore the system is desired.  

F2b. However, despite the system is mutually desired, the actors in steel 

industry have failed to establish such system. This is largely due 

the forming of silos with contradictory views; the business side is 

eager to bring the most advanced and sophisticated gadgets to the 

system, while the engineering side is adamant that such systems 

are too susceptible to failure in steel industry processes.  

F2c. Partially the situation is caused by the failure to present the 

benefits of value co-creation. The supplier has failed to 

communicate the value and benefits of new system to the 

customer. In result, the system has not considered to be 

investment worthy.   

7.2 Secondary case material findings 

The most important question the secondary case material, was used for was 

analyzing the business models, especially defining different drivers for the 

outset of a novel business model. In addition to theoretical material from 

literature, some example cases were needed to elaborate the reasons how a 

new business model is generated. Since some of the examples in Section 4.4 

have not yet been described in the literature, the findings concluded from 

them are included to off-case company material.  

SQ3: How is a new business model created?  

Evaluation of business models examples demonstrate (see Section 4.4 for 

details) that the outset of a novel business model is typically initiated by either 

discovery of new technology or by making new kind of connections between 

existing actors or processes. These initiating acts have also been indicated in 
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literature (e.g., McGahan, 2004; Teece, 2010). The German based start-up 

Bonaverde (see Subsection 4.4.3) is an example case on how the recognizing of 

a possibility for new connections may lead to development of a new 

technology.   

Although the company’s bottom line success is to be proven, Bonaverde 

follows the path that has in past led to changing the industry. In 

hypercompetitive state, it is difficult for the companies to sustain their 

competitive advantage (Turunen, Eloranta, & Hakanen, 2015, Appendix E). 

The companies typically share an established method in their production, as it 

is considered to be the best alternative to produce a product or a service. This 

has been referred as the dominant design (Utterback & Abernathy, 1975). It is 

likely that in order to really differentiate from their competitors, a company 

needs to find an innovative option for the dominant method of operation.  

 The presented business model examples in Section 4.4 indicate that when 

designing novel business models, important aspect is the forming of new kind 

of connections within or outside the given industry. Swift & Co. made 

connection with local shops when designing their distribution channel, by 

unifying their identity under one notable brand. Apple’s iPod and iTunes 

connected the product and the service seamlessly, but also the users more 

directly to the music industry companies. Nowadays, this type of distribution 

channel is starting to become obsolete, as new kinds of connections are formed 

in cloud music services, e.g., by Spotify. Bonaverde uses the idea of direct 

connection between customers and coffee farmers as one of their key 

marketing aspects. They try to differentiate from the mainstream value chain 

by painting a mental image how customer can connect directly to the farmer 

through their site and give feedback on the products, much similar like on 

social network sites like Facebook (Bonaverde, 2015).  

 

Outset of a novel business model is typically related to  

F3a. Combining existing technologies and parts of information in a 

novel way   

F3b. Making innovative connections of existing processes or actors.  

7.3 Findings from field notes and workshops 

The field notes and workshop material include unofficial discussions with the 

case company, as well with relevant stakeholders and other parties that have 

deepened the overall understanding of the situation. Field notes and workshop 

notes should be regarded as subjective deductions made by the researcher 

based on the observations made during the research.  

RQ: How intelligent materials can change the steel industry business 
models?  

The discussions with the case company executives and other stakeholders 

made common interest for intelligent materials paradigm evident. Despite the 

interest, the parties have not addressed the possible solutions for devising 
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system for intelligent materials. For that reason, field notes and workshops 

provide little insight on the primary research question. They do underline, 

however, that some changes are to be expected.  

The steel industry hopes that the intelligent materials could provide 

competitive advantage for them in the future. Challenge to differentiate 

through product offerings and the constantly intensifying cost competition, led 

by the emerging economies, has driven the industry to look all possible ways. 

The initial results presented in the workshop meetings grasped the interest of 

the case company, further underlining the interest on the topic. 

SQ1: How it would be possible to increase the intelligence of materials?  

The interest toward increasing the intelligence of materials in steel industry 

was evident throughout the study. The more discussions and interviews were 

conducted, the stronger the view became. However, the solutions toward 

increasing the intelligence are more frequent in different fields that relate to 

steel industry, but are not directly part of it. For instance, a number of 

different unofficial sources point out that different car manufacturers are 

actively developing solutions that would enable them to track items, including 

steel parts, in their value chain. Interestingly, it seems that different car 

manufacturers are currently researching these possibilities individually, in 

their respective networks. According to the research material, these companies 

are not connected and conduct solitary efforts and have variations on designed 

solutions.  So the interest is shared, but research data most likely not.  

SQ3: How is a new business model created? 

The general attitude resembles the typical attitude of incumbent companies. 

As literature suggests, the actors have been reluctant to change their proven 

business models (McGrath, 2010). Since new business models typically arise 

from new set of operational guidelines and would require a change in the 

proven models, they might look unappealing to incumbent companies 

(Christensen, 1997). This view has been bolstered in unofficial discussion with 

the case company and the stakeholders. It may be that smaller, more agile 

companies are needed to enter the network, in order to develop the notion of 

intelligent materials into potential business.  

SQ4: How the issue of data ownership affects the situation or development of 
new business models? 

During the research it became clear that the data ownership is difficult 

question to most of the steel industry actors. Since the potential methods for 

utilizing the data is still relatively unknown, the companies have not formed a 

definite stance on the matter. The companies hope to gain more and more 

information from other actors in their value chain and aim to optimize their 

production and offerings through that data. On the other hand, the companies 

see their own data as a commodity that they plan to leverage on. There seems 

to be a paradox that the companies are not interested in paying to get 

information from other actors, but at the same time, assume that other 
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companies are willing pay in order to get their data. Meanwhile, the companies 

are developing capabilities to better utilize the data they possess by designing 

their methods of analysis. This development is highly likely to lead to forming 

of networks that have high understanding of their own operations and 

installed base, but little, if none, on other actors.   

 

Although actors in steel industry are not sure of what intelligent materials 

might be, they have high hopes related to them.  

F4a. Intelligent materials are expected to provide competitive 

advantage  

F4b. The companies researching for solutions analogous to intelligent 

materials focus on the needs of their respective value chains   

F4c. The companies are unwilling to buy data from others, but believe 

that others will pay for their data, at least in the future. 

7.4 Observations from discussions with experts  

To further increase the comprehensive understanding of different aspects 

related to the situation, in addition to the case company interviews the study 

included some discussions from experts of different fields.  

RQ: How intelligent materials can change the steel industry business 
models? 

The expert discussions backed up the implications made on basis of the case 

interviews. It seems that the steel industry is on the verge of a change. The 

increased information will change the possible solutions available and thus it 

is likely to enable new kind of businesses as well.  But since the strong silos 

between different parties, a universal agreement on how this is going to 

happen is still missing. One expert who has studied on different possibilities to 

incorporate intelligence to materials concluded: 

We made estimations for the cost [of our system], but we did not really care 

about the costs. […] But I really think that [in the future] materials will be able 

to embed information somehow, whether it will be RFID, chemicals, inks or 

some other technique. – Researcher, product design 

At the moment, it is not clear on how the intelligent materials could change 

the business models of steel industry. However, the anticipation is relatively 

high. The fact that different actors have opted to focus on their own solutions 

aiming for intelligent materials, rather than trying to generate collaborative 

research efforts, hints that the actors perceive the potential solution to be 

valuable asset in generating competitive advantage. 

SQ1: How it would be possible to increase the intelligence of materials?  

Although smart objects, wireless sensors and such have mesmerized the 

scholars in recent years, the complexity of the system is not valuable as such. 

The discussions with experts suggested that whatever the solution may be, it 
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would benefit from being simple. This notion endorsed the Intelligence 

through network –approach proposed by Meyer et al. (2009).  

Actually, we designed a system using RFIDs or barcodes a few years back. Just 

by using a combination of unique ID and URI [Uniform Resource Identifier] the 

objects could be globally unique. […] It feels that we were far ahead in things, 

before the rest of the world caught up and got interested in IoT. – Researcher, 

information systems  

A set of solid safety features for coin authenticity has certain requirements   

that, actually, are similar to those needed in systems for intelligent materials. 

These qualifications are presented in Table 4. 

Table 4. Characteristics of a desired anti-counterfeit marking system for coins. Based on 
interview of Material expert at Consulting company. 

Requirement Justification 
  
Robustness Will not wear, alter or break down during the lifecycle of the item 

Readability Reliably identifiable and readable both with human senses and by machine 

Adjustability Can be modified or differentiated on a batch- or even unit-level 

Price Must be reasonable for both manufacturing and identification needs 

Safety Preferably invisible, when unaware what to look  
Hard or impossible to replicate by unauthorized member or without proper equipment 

 

SQ2: How different actors in the steel industry could benefit from increased 
intelligence in materials?  

At the moment processes are able to only take into account the specific 

standard of given material. But since the standards allow some amount of 

variability between each object, it is impossible to further optimize the process 

without more refined material information.  

The manufacturers are interested on where the steel sheet is originated, to know 

its historical process data, in order to better control their own process. – 

Researcher, information systems  

 

 

The discussions with experts suggest that a system for intelligent materials  

F5a. Is likely to be created, since in the future, materials are going to be 

able to carry information  

F5b. Complex systems (WSN, USN, etc.) are not necessary  

F5c. Enable better process control, due to more detailed material 

information 

 

7.5 Results from theoretical material 

Literature could not provide fulfilling answers to the research questions, since 

the different literature streams remained in their respective silos, failing to 
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broaden their perspective. In other words, literature regarding intelligent 

materials or products is fixed in RFID related solutions, suggesting that 

intelligent systems are built around networks of intelligent objects that are 

constructed with an add-on to the existing item. Apart from the studies 

utilizing DNA of a tree to trace origin (e.g., Jover et al., 2013), the literature 

has not considered systems build around the intrinsic properties of material. 

Similarly, while the interviewees were familiar with the concept of intelligent 

materials and systems, they had not really considered what these 

advancements would mean in practice. To clarify this situation, this subsection 

presents the saturated answers to each research question.  

7.5.1 State-of-art literature review  

The literature review was conducted to summarize the most relevant literature 

regarding the use of intelligent materials or products in the construction 

industry. The review was focused to single field of application to provide more 

comprehensive outlook of different uses on one specific field and the 

construction industry was selected, since it is important segment for 

MaterialCo, utilizing their products. 

Setting the questions for the study  

After a careful consideration, the state-of-art literature review was decided to 

address the following three questions:  

1. Definitions for intelligent material (or its synonyms)  

2. Proposed applications  

3. Challenges in before mentioned applications  

The material search was conducted using the ScienceDirect database, 

containing over 2,500 journals. To get the most relevant and up to date 

information, the search was limited to articles published in peer-reviewed 

journals, in January 2004 or later (up to date of search, March 15, 2015). 

Conducting the search 

Since various alternative terms have been used to describe the intelligence of a 

material, the survey included the most often used synonyms for the topic. The 

aim was also to incorporate insights from various fields and applications to 

give more representative sample. In order to qualify for the review, the articles 

needed to include either material or product and intelligent, smart or 

communicating and the combination could be at maximum three words apart. 

In addition, articles were obligated to include terms steel, identification, 

service, network and last the words construction and industry, maximum three 

words apart. The search term used was:  

pub-date > 2004 AND (material OR product) w/3 (intelligent OR 

communicating OR smart) AND construction w/3 industry AND service AND 

steel AND identification AND network 
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From the timespan of last ten year this search produced 33 articles to be 

examined. The author-provided topics included: 23 articles with RFID, 15 with 

construction (site, industry, material, process or project) and 6 with supply 

chain. 

The results 

The 24 most relevant studies to the topic are summarized in Table 5, whilst the 

used acronyms are elaborated in Table 6. Table 5 presents the proposed 

application for the system, the methods used in generating the system (Tools) 

and the relevant challenges. A list of studies found in the search but excluded 

from Table 5 can be found as Appendix D. 

Table 5. Summary of literature review findings. 

Study Tools Applications Challenges S 

Braaksma et 
al., 2011 

Standardization, 
intensified 
collaboration 

Asset information standards and 
product data exchange during 
asset’s lifecycle [Review] 

Standards, organizations 
and business cultures, 
collaboration 

 

Cabeza et 
al., 2014 

Software tools 
and databases 

LCA of building products and 
processes [Review] 

LCA (objectivity, case 
specificity, etc.), inclusion 
of material data 

 

Cerovsek, 
2011 

BIM   Certifying of BIM tools, models 
and metrics to be universal 
[Review] 

BIM model sharing and 
combining 

1 

Chae et al., 
2012 

USN, ZigBee, 
CDMA 

Suspension bridge structural 
health monitoring (SHM) by 
sensors and software. 

Security, power supply. 1 

Cho et al., 
2011 

RFID, USN, 
ZigBee, CDMA 

Material handling at construction 
sites. 

Signal blockage due 
obstacles. 

1 

Ding et al., 
2013 

WSN, FGB 
sensors, RFID  

SHM, safety and alarm system 
(and database) for underground 
construction, tracking personnel. 

Accuracy of position 
tracking, brittleness of 
FBG sensors. 

 

Errasti et al., 
2009 

No new 
technology 
presented or 
suggested. 

Implementing concurrent 
engineering and supply chain 
management (SCM) models to 
construction industry. 

Uniformity through the 
field unsure. 

 

Ferrer et al., 
2010 

RFID, in some 
cases WSN 
 

Tracking movements, 
automation, cycle time reduction 
and personal security and safety 
etc. 

Design of the best 
possible system is case-
specific. 

1 

Fisco & Adeli, 
2011 

Tuned liquid 
column damper 
(TLCD), smart 
algorithms 

Vibration control of structures by 
active and semi-active systems 
to increase safety and minimize 
fatigue [Review] 

Optimal placement of 
devices, cost, finding the 
most suitable technique 

 

Hinkka & 
Tätilä, 2013 

Supplier 
incorporated 
RFID  

Simplified receiving and material 
tracking, collaboration through 
whole supply chain.  

Collaboration 
effectiveness, universality 
of adaptation. 

1 

Irani & 
Kamal, 2014 

Intelligent 
systems 

Intelligent systems in 
construction industry [Review] 

Combining theory and 
practice in applications 

 

Kalay, 2006 Embedded 
devices [Can be 
defined as USN] 

Smart materials, intelligent 
buildings devices to building 
components and tools 

“Just” a vision for the 
future. 

 

Ko, 2010 RFID, received 
signal strength 
indication 
(RSSI) 

Locating personnel, equipment, 
apparatus and materials, 
enhancing efficiency and safety.  

Signal attenuation or 
blockage due 
surroundings.  

1 

Kousksou et 
al., 2014 

Thermal and 
electric storages  

Energy storage technologies 
[Review] 

Technology specific 
issues 

 

Köksal et al., 
2011 

Data mining 
(DM), six sigma 

DM in manufacturing to control 
process [Review] 

Collecting, combining and 
utilizing the data 
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Study Tools Applications Challenges S 

Lee et al., 
2013 

Rewritable 
RFID tag(s) in 
material 
product, pallet 
or vehicle.  

Information lifecycle 
management, material and 
information management, 
customization for different 
stakeholders. 

Lifetime of single tags, 
selecting the best model. 

 

Lin et al., 
2014 

RFID, 2D 
barcode with 
PDA. 

Integrated system for 
maintenance management, item 
identification and information 
sharing. 

RFID: cost, lifetime, 
signal interference from 
metals.  
2D barcode: visibility. 

1 

Majrouhi 
Sardroud, 
2012 

RFID, GPS & 
GPRS 

Identifying and tracking of 
shipments, materials, 
components, and equipment on- 
and off-site. 

Costs, lifetime, universal 
identification, adaptation.  

1 

Matthyssens 
et al., 2013 

No new 
technology 
presented or 
suggested. 

New, more service oriented, B2B 
models for steel wholesale 
companies (SWC). 

Clinging to existing 
models. 
 

1 

Ness et al., 
2014 

RFID, BIM, 
WSN 

Product lifecycle management 
(PLM), element database, re-use 
of steel structures, reselling & 
renovating used steel. 

Novelty, verifying 
structural integrity, 
gaining acceptance. 

 

Pacheco-
Torgal, 2014 

Aerogel, “waste 
as a resource”  

Increasing the energy efficiency 
and enabling reuse of materials 
[Review] 

Thermal insulation of 
buildings, zero waste 
scenario 

 

Ren et al., 
2011 

[Optimization 
program] 

Buildings’ design and 
construction optimization through 
dedicated programs and 
algorithms. 

Functionality and benefits 
not yet proven in practice. 

 

Succar, 2009 BIM Fields, 
Stages and 
Lenses 

Managing design and project 
data in digital format throughout 
the building's lifecycle. 

Combining database to 
the real elements and 
structures. 

1 

Zhu et al., 
2010 

Field of view 
cameras and 
image stitching 
software 

Automated bridges’ concrete 
columns’ SHM, crack detection 
and maintenance monitoring 

Automatic detection, 
relation of surface defects 
& condition 

1 

Table 6. Explanations for used abbreviations in Table 5. 

Abbreviation Explanation 

BIM Building Information Model (or Modeling) 

CDMA Code Division Multiple Access [wireless communication standard] 

DM Data Mining 

FGB Fiber Bragg Grating [sensor] 

FOV Field of View [camera type]  

GPRS General Packet Radio Service 

GPS Global Positioning System 

ILM Information Lifecycle Management 

IoT Internet of Things 

LCA Lifecycle Assessment 

PDA Personal Digital Assistant 

PLM Product Lifecycle Management 

RFID Radio-Frequency Identification 

RFID (rw) The possibility to re-write or re-use RFID tags is emphasized 

RSSI Received Signal Strength Indication [3D location mapping system] 

SCM Supply Chain Management 

SHM Structural Health Monitoring 

TLCD Tuned Liquid Column Dampers 

USN Ubiquitous Sensor Network [intelligent sensors, ubiquitous = found everywhere] 

WSN Wireless Sensor Network 

ZigBee A wireless local area network based on IEEE 802.15.4 standard 
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7.5.2 Summary  

The most important single implication generated by the state-of-art literature 

review is that the concept of intelligent materials is not completely addressed 

in the published material. Alternatively the studies fail to unambiguously 

define how the intelligence in materials would be generated. Despite the 

variety of terms and definitions that have been used to discuss an essentially 

uniform topic, the existing studies related to construction industry have 

mostly discussed the intelligent product paradigm. In other words, the 

designed identifying method is based on an external device to be added to the 

item (e.g., a RFID tag) or the issue is neglected or simply assumed to not exist. 

Referring back to the definition for intelligent materials presented earlier in 

this thesis (see Section 3.3 for details), relying on external devices does not 

necessarily exclude the possibility that the same item could be considered as 

intelligent material (see Subsection 3.3.7). However, intelligent external 

devices are guiding the development toward the intelligence at object –

mindset (Meyer et al., 2009) that is not necessary for devising a working 

system  for intelligent materials, as the same level of sophistication can be 

equally well devised using the intelligence through network –framework.  

Several studies have discussed the benefits of improved men, machinery and 

material tracking at construction sites, emphasizing for instance the possibility 

to prevent accidents by Yang et al. (2012) and optimization of supply chain by 

Ferrer et al. (2010; see also Errasti et al., 2009). However, in most cases the 

planned infrastructure changes is designed only for individual companies. 

Even though Hinkka & Tätilä (2013) suggest construction sites to take example 

of Wal-Mart’s formula, where suppliers are demanded to equip their products 

with RFID tags before the delivery to Wal-Mart, extending the gathered 

information forwards or backwards in the supply chain is completely ignored. 

According to the literature review, in many cases the data will be kept in the 

sole ownership of a single actor, or the issue of data sharing is not considered 

in any way in the study. In Table 5, if the study has emphasized data 

ownership of a single actor, it is marked in column “s” with a symbol “1”. Since 

most studies neglect the benefits of sharing information over longer strides in 

the supply chains, the possibilities of increased tracking of product through its 

lifecycle is rarely addressed. However, the studies that focus on new 

possibilities generated from this, point to the possibility to reduce the 

environmental impact of manufacturing or making the concept of closed loop 

lifecycle (CLLM or CL2M) more feasible (Kubler et al., 2013; Ness et al., 2014; 

see also CL2M). Different aspect of the benefits of the increased database is 

proposed by Ding et al. (2013), in which the information collected through a 

WSN infrastructure is gathered to an underground construction safety 

database, that could be used  to prevent future accidents.  
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The literature analysis provide two conclusions:  

F6a. Actors in different fields, even within steel industry, have devised 

systems corresponding to what this thesis proposes as intelligent 

material.  

F6b. Despite the elements needed for implementing the system do exist, 

the actors in steel industry have failed to establish such system.   

7.6 Summary of the findings  

RQ: How intelligent materials can change the steel industry business 
models?   

Intelligent materials can enable the companies to take an integrator role in 

their respective industry networks [F1a]. Considering how making new kind of 

connections is the essence of new business models, whether connecting 

existing technologies [F3a] or actors [F3b], intelligent materials can provide 

tools for companies to make these connections [F4a]. Important aspect 

contributing to the success of the integrators is the ability to communicate the 

value and benefits of the system to the customer [F2c]. For example, the 

customer’s ability for improved process control through more refined material 

information [F5c] can lead to generating valuable information for the supplier, 

i.e., possibilities for value co-creation to both parties [F1c].  

SQ1: How it would be possible to increase the intelligence of materials?  

The actors in the steel industry seem to agree [F2a] that in the future, 

materials are able to somehow incorporate information [F5a]. Systems 

resembling to intelligent materials have been devised [F6a] with an aim to 

control men, materials and machinery. To the date, these systems have not 

been universally adopted and it is unclear what technology will become 

dominant [F6b]. However, the study findings indicate that complex objects are 

not an necessity in designing systems for intelligent materials [F5b]. Instead 

the corresponding level of intelligence can be achieved by creating the 

intelligence through network [F3a] and the focus should be in distributing this 

information smoothly between different actors and processes [F3b].  

SQ2: How different actors in the steel industry could benefit from increased 
intelligence in materials?  

There seems to be some amount of hype around the idea of materials being 

intelligent [F2a]. The notion is believed to provide benefits, but the actors have 

been somewhat narrow-minded in their approach, mainly focusing on the 

methods to improve their own processes [F4a], neglecting the broader 

information exchange benefits. Intelligent materials would remarkably help 

the information flow different actors in the steel industry [F3b]. When the 

“intelligence” emphasizes the unique identity and by referring to 

corresponding database [F3a] the material can communicate its exact 
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properties or data, it can significantly contribute to process optimization of 

different actors [F5c]. So, the intelligent materials can fulfill the targets 

currently set by the industry actors, but also provide completely new benefits 

on the side [F4a]. 

SQ3: How is a new business model created?   

As literature has previously noted, new business models emerge technology 

side up [F3a] or the service side up [F3b]. However, based on the findings of 

this study, the existing literature has not emphasized enough how these two 

actually generate new connections [F1b] that in turn change into novel 

business models. As the establishment of new technologies or products, like 

intelligent materials, is currently hampered by contradictory views of different 

actors or decision makers [F2b], this development is only going to increase the 

potential for an integrator to yield profits from brokering the information 

between actors [F1b]. It seems that for being successful in the integrator role, 

the party needs to be able to truly communicate the value co-creation benefits 

[F2c], as currently the situation is plagued by opportunism [F4c].  

SQ4: How the issue of data ownership affects the situation or development of 
new business models?  

The companies are unsure how they should approach the data ownership and 

sharing issue and as a result, focus on their own actions [F4b]. It is universally 

agreed among the industry actors that the relation between materials and 

information will intensify in the future [F5a]. The amount of information 

generated by their installed base is going to increase and this is perceived to 

become a sellable asset [F4c]. But the customer side has been reluctant to pay 

in order to receive information from producers, unless the financial benefits of 

the information can be directly illustrated [F1c]. This development has 

resulted in standstill, where the most probable alternative in generating a 

system for intelligent materials is based on simple objects [F5b] and created in 

collaboration between industry actors [F2c]. This will be the possibility to 

generate mutual benefits, that can be universally adopted and enable the 

needed investments to be made incrementally. The dense collaboration will 

ease the data ownership issue, as companies aim for mutual benefits [F2c].   

  



Results 

 86	  

 

 

Explicating how the findings contribute to the research questions: 

 

RQ: How intelligent materials can change the steel industry business 

models? 

F1a      F1c        F2c       F3a       F3b       F4a      F5c 

 

SQ1: How it would be possible to increase the intelligence of materials?  

F2a       F3a       F3b       F5a      F5b       F6a      F6b 

 

SQ2: How different actors in the steel industry could benefit from increased 

intelligence in materials? 

F2a      F3a       F3b       F4a      F5c 

 

SQ3: How is a new business model conceived? 

F1b      F2b       F2c       F3a       F3b      F4c 

 

SQ4: How the issue of data ownership affects the situation or development of 

new models? 

   F1c         F2c     F4b       F4c       F5a       F5b 
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8. Discussion  

Providing comprehensive answers to the research questions proved impossible 

without considerable amount of adductive reasoning (Dubois & Gadde, 2002). 

For that reason, the findings of the study include some amount of explicating 

remarks, which help to adhere the specific bits of information properly to the 

larger context in question. These remarks are not replicated in the discussion 

section. However, a short summary providing a compilation of answers to each 

research question is presented in Chapter 9.  

The most important implication of this research is the notion that increased 

intelligence of materials might fundamentally alter the current business 

models of the industry. After the information becomes an integral part of the 

product, companies might find themselves to be selling information rather 

than materials. To adjust to this change, the dominant business models in the 

steel industry could transform from those typical in manufacturing to those 

occurring in information intensive environments.   

The findings of the conducted qualitative research provided implications to 

two domains. It pointed out how the concept of intelligent materials can 

change the current ways of doing business in the steel industry by enabling the 

offering of new kind of services. This contributes to discussion related to 

services, suggesting a possibility to provide new type of services, i.e., 

intelligent materials providing more detailed process information. Another 

aspect this study contributes is endorsing the benefits and possibilities that the 

intelligent materials could induce to different actors in the steel industry.  

Based on the findings of the study, three propositions could be formed. They 

are built up on the existing knowledge and contribute to it by providing 

additional insight. Ultimately the propositions aim to clarify further 

discussion. For that reason, each proposition is given a depicting name. In the 

following sections, respective case study findings are referred with their 

corresponding labels, for instance, F1a refer to Section 7.1.1, interview material 

finding F1a: “This role can be taken by a party who can: Gather, combine and 

understand data”.  

8.1 Proposition 1: ‘Structural holes promote businesses’ 

Although the connection between structural holes and business models is not 

really discussed in the existing literature, the findings support Proposition 1. 
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Only 15 articles was found from EBSCOhost database, containing both 

“business model” and “Burt, 1992” or “Burt 1992”. From these, only one paper 

by García-Muñiz and Vicente (2014) discussed structural holes as a potential 

measurement for business opportunities. 

Due to the importance of making connections and the ability to find tools for 

improved value co-creation (see Section 7.6), the research findings support 

Proposition 1. Since Burt defined a structural hole as a “separation between 

nonredundant contacts” (Burt, 1992, p. 18) and later emphasized the 

brokering opportunities to control the information flow between these 

contacts (Burt, 1997), Proposition 1 is a likely consequence from stakeholder 

network interview findings F2a and F2b (p. 75). In turn, F2c (p. 75) is 

important if the tertius is going to be able to leverage the possessed 

information and in keeping the different parties interested. 

All the stakeholder network interview findings (F2a, F2b & F2c) illustrate the 

agreement that different actors of the same industry network would benefit 

from getting information from other companies, departments or operations 

indicating the presence of a structural hole in the network. Since at the 

moment, the information flow is obstructed, there exist a possibility for an 

actor to take a tertius role brokering that information.  

The unwillingness of steel industry actors to voluntarily share their data with 

their network and respectively the desire to charge for giving away their 

information (F4c; p. 78) may well lead to development of structural holes in 

that network, as well as the confusion between actors on how to approach the 

data sharing issue. A third party may be needed to alleviate the concerns and 

to demonstrate the mutual benefits of data sharing to companies (F1c; p. 69). 

Proposition 1: ‘Structural holes promote businesses’ 

Business models and structural holes have strong interconnection in 

corporate setting, when the network represents connections inside and 

between companies and structural holes represent the missing connections 

between two companies, departments or operations.   

8.2 Proposition 2: ‘Bridges over structural holes yield profits’  

The concept of structural holes can be used to identify possibilities for 

technological diffusion and innovation (García-Muñiz & Vicente, 2014), which 

in turn can demonstrate business potential. Structural holes has noted to 

provide social capital (Burt, 1997) and in turn, social capital may provide 

information about business opportunities (Portes, 1998, p. 13). These both 

observations have been partially responsible for generation of Proposition 2. 

As discussed in Section 7.6, the stakeholder network interview findings (F2a, 

F2b & F2c; p. 75) suggest that the there exists a structural hole in steel 

industry networks, related to intelligent materials. The strong, shared interest 

on the topic hints for an underlying business potential. However, no working 

solution has been found, so likewise new business models remain to be 

created. These observations were important when formulating the second 
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proposition, which can be divided to two follow up propositions. The inability 

of industry actors to resolve the situation on their own is important factor 

behind Proposition 2. While observations F2a-c endorse Proposition 2, in 

turn, they fail to provide evidence to Propositions 2.1 or 2.2, since the industry 

actors have not yet identified these possibilities.  

The made interviews indicate that some complementary case companies 

have succeeded in the construction industry environment to act as a bridge 

between the structural holes of their networks. The findings from different 

case material sources (F1a, F2b & F3c; p. 69, 75 & 76 respectively) back up 

Proposition 2.1, since there have been companies successfully executing this 

philosophy. If making innovative connections in existing networks is 

considered as of bridging structural holes, then F3b (p. 76) point toward 

Proposition 2.1 and likewise Proposition 2.2. Many secondary case examples 

pointed out that a new technology may enable company to control information 

flows between different parties, if a new technology is generated. Apple’s iPod 

and iTunes business model gave them information control benefits and thus 

F3a (p. 76) support Proposition 2.1.  

Field notes and workshops (F4c; p. 78) indicate a potential desire to take a 

tertius role in steel industry network. However, as they have been unsuccessful 

in monetizing their information flows, they have not been able to devise a 

working business model and so they have not yet truly benefitted from their 

tertius role. Their aim is toward Proposition 2.2.  

Proposition 2: ‘Bridges over structural holes yield profits’ 

When a structural hole is identified in a corporate setting, it implicates that a 

third party may benefit financially from acting as a bridge in this hole.  

 

Proposition 2 leads to two follow up implications:  

Proposition 2.1:  

Devising a novel business model can be regarded as bridging of a 

structural hole.  

Proposition 2.2:  

When a tertius acts as a bridge in corporate setting, tertius is actually 

capitalizing on a novel business model.   

8.3 Proposition 3: ‘Maps of structure lead to treasures‘ 

The research material clearly indicates how the different actors in the steel 

industry hope for a system this thesis constructs as intelligent material (F2a; 

p. 75). Despite the interest, this kind of system has not yet been established 

(F2b, F5c & F6b; p. 75, 79 & 84 respectively). The reason intelligent materials 

are perceived to have potential for competitive advantage (F4a; p. 78) is that 

the companies need that information to optimize their value chain (F4b; p. 

78). The research findings indicate that a system for intelligent materials can 

be created, but in order to set the system in motion, the companies need to 

alter their approach to enable more intense collaboration (see Section 7.6). 
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One possibility to communicate the potential value of the information 

sharing better (F1c & F2c; p. 69 & 75 respectively) to both parties, is to follow 

Proposition 3. By mapping the relevant actions and connections the 

companies can form a better understanding of their situation and possibilities. 

Especially, if in the future materials will contain more embedded information 

(F5a; p. 79), but that information is not shared between actors (F4c; p. 78), it 

is likely that the complexity and the information asymmetry of companies’ 

networks start to increase. This situation can be resolved by accurate mapping 

of the situation (Proposition 3) and then, based on that information, by 

making new kind of connections (F3b; p. 76).  

As expert discussions (F5b; p. 79) indicated, the complexity of materials or 

systems is not needed to produce system for intelligent materials. The 

adequate understanding of the company network structure will help to make 

right kind of connections. The different potential solutions researched in the 

industry (F6a; p. 84) note Proposition 3 only partially. The actors finding for 

new solutions are focused on their own value chain and follow the Proposition 

3 on that framework. But these solutions fail to acknowledge the potential in 

having the possibility of having the connections constantly evolving. The 

dynamic nature of the most relevant connections at any given time is 

important aspect in Proposition 3.  

Proposition 3: ‘Maps of structure lead to treasures’ 

If a company can accurately map the relevant actions and connections of 

their network, including the information these functions can generate and in 

turn would require from others, the company can use that illustration to 

identify the existing possibilities for new business opportunities.  

8.4 Theoretical contributions  

This thesis contributes to existing by combining three literature streams: 

technical aspects aiming for intelligent materials, economic perspective of 

business models and last, models for network structure and cohesion 

presented in sociology and organizational sciences, more precisely the concept 

of structural holes by Burt (1992). These three streams were able to contribute 

to each another, albeit the connections might not be obvious at first glance. 

Thorough examination of ways to increase intelligence in materials (see 

Chapter 3) and business models (see Chapter 4) aimed to present the different 

aspects of the existing literature.  

8.4.1 Structural holes and business models 

The most important theoretical contribution of this thesis is pointing out the 

connection between business models and structural holes (Burt, 1992). This 

relationship has not been explicitly presented in existing literature, at least in 

material relevant to this thesis. Literature has identified structural holes to 

provide social capital (Burt, 2004; Gargiulo & Benassi, 1998; Walker, Kogut, & 

Shan, 1997; Zhao, Wang, Zhu, & Ding, 2014), whereas social capital has 
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pointed out to enable improvement of company’s businesses (Nahapiet & 

Ghoshal, 1998; Simba, 2013; Zhao et al., 2014). In other words, social capital 

can provide business potential (Portes, 1998). If this this thought is extended 

further, the result will be a conclusion that structural holes and business 

models have a connection. In retrospect, it is surprising that this implication 

has not been more extensively underlined to date. 

In businesses, where information is the valuable commodity, companies 

have different rules for success than in the traditional manufacturing 

industries (Shapiro & Varian, 1999). In future, this development will most 

likely be enhanced when IoT will bring more and more objects connected to 

each other. If companies themselves, or their stakeholders, decide to not share 

data, information intensity inside clusters is destined to increase. In addition, 

that will result to increased information asymmetry between actors. In this 

scenario, structural holes will have even more relevance to potential business 

models.  

8.4.2 Intelligence in materials  

Since the paradigm of intelligent materials or products is relatively new, this 

thesis formulated a construct to describe the paradigm of intelligent material. 

It states that objects produced from an intelligent material should:  

i. Possesses globally unique identity  

ii. Based on that identity, anyone handling that item can retrieve 

 information either (or both) from  

a. A supporting database at remote server  

b. The local memory in the material  

iii. The information could include, but is not limited to, exact 

composition, process parameters of previous actors, handling or 

processing instructions and sorting instructions for recycling or 

disposal  

iv. The information may be encrypted, but the unique ID must be visible 

at all times  

The examination of relevant literature proved challenging, since intelligence 

of materials has different connotations depending on the context. In materials 

science, the most typical term is smart material. This literature stream do not 

necessarily see materials as intelligent per se, but instead emphasizes on the 

materials’ ability to respond to an outside stimuli in a desired way (Bogue, 

2014).  

Examination of the possibilities for increasing the intelligence of materials 

(see Section 3.2 for details) proved that RFID related solutions are deemed to 

be the most ready and probable alternatives in existing literature (e.g., Atzori 

et al., 2010). Based on RFID tags, scholars have envisioned different systems, 

which could provide the capabilities that this thesis constructs for intelligent 

materials to posses (e.g., Kubler et al., 2015; Meyer et al., 2009). However, 

metal surfaces interfere with RFID signals and in result, they are problematic 

in the steel industry context (Kiritsis et al., 2003; Lin et al., 2014; Majrouhi 

Sardroud, 2012).  
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The literature related to possibilities arising along IoT (e.g., Porter & 

Heppelmann, 2014) focus the future possibilities, not on the technological 

methods. A lot of publications present how these improvements can change 

industries and alter the everyday life of people (e.g., Ericsson, 2012), but it is 

unclear how the intelligence of objects is really achieved in these studies.  

Just by presenting the different views on the topic of intelligent materials, 

this thesis pointed out how challenging it is to uniform the different 

perspectives of existing literature. The large difference in approaches may be 

partially responsible for the inability of steel industry actors in providing 

systems of intelligent materials, which could enable more dense collaboration 

between actors that is currently desired (Matthyssens et al., 2013). The case 

study findings, especially Finding F5b, point out that a potential system do not 

need to rely on complex objects, simply the unique identity of objects will 

suffice when devising a system (Ranasinghe et al., 2011).  

In conclusion, it would seem that the existing literature has taken too 

complex perspective when discussing the possibilities to increase the 

intelligence of objects and materials. The envisioned systems (e.g., Kalay, 

2006) may have been suitable for the needs, but they have proven impossible 

to execute by using current technology. For that reason, it is important to 

notice that the construct for intelligent materials, outlined in this thesis, can 

be equally well achieved by using simple methods. This can be achieved by 

generating the intelligence through supporting network (Meyer et al., 2009). 

8.4.3 Business models  

Despite business models have been under serious interest of scholars during 

the past decade or two, the term still lacks an unambiguous definition. In 

many cases, the concept of business model is used without an explicit 

definition of the concept, taking its meaning more or less as for granted (Zott 

et al., 2011). The inherited assumption in economic theories that trade takes 

place around tangible products may be partially responsible to the situation, 

when it is simply assumed that if value (i.e., a product) is delivered, customers 

are willing to pay for it (Teece, 2010).  

In essence, business models seek to explain how companies create and 

capture value (Zott et al., 2011). Put differently, they explain how the company 

delivers value to its customers, entices customers to pay for that value and 

converts those payments for profit (Teece, 2010). Business models are seen as 

a new unit of analysis that is distinct from the product, firm, industry, or 

network, as they focus on a system-level, holistic approach in explaining how 

firms do business and on the activities of a focal firm and its partners (Zott et 

al., 2011). While the business model is centered on a focal firm, its boundaries 

extend wider than those of the firm.  

It has been stated that thriving companies develop virtuous cycles in their 

business models (Casadesus-Masanell & Ricart, 2010). An alternative 

approach is that business models should provide valuable knowledge and 

learnings (Itami & Nishino, 2010) that in turn will help the company to 

improve in the long run (Cusumano, 1988; Rother, 2010). In some cases, the 
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knowledge and competence derived from current activities of the company can 

prove to be so crucial, that the learnings from actions today may determine the 

possible actions of the company in the future (Itami & Nishino, 2010).  

This thesis does not try to provide groundbreaking insights on business 

models, but a thorough examination of relevant literature point out that in 

order to succeed in the long run, companies need to be able to evolve their 

current business models (Casadesus-Masanell & Ricart, 2010; McGahan, 

2004) or to adopt new ones (Gambardella & McGahan, 2010), when their 

existing model is threatened by obsolesce. The new models differ from the 

existing set of operational guidelines, and for that reason, might seem 

unappealing to incumbent companies (Christensen, 1997). By emphasizing on 

continuous learning in their processes (Itami & Nishino, 2010), companies can 

sustain more adaptive approach and are more able to respond to potential 

changes in their business environment.  

8.5 Managerial implications  

Companies can prevent the forming of structural holes in their network by 

sharing information, thus decreasing the information asymmetry between 

processes, departments, actors and clusters. But when structural holes do 

emerge, the companies should make the most of them. Companies can assess 

existing business potential in their network by carefully assessing their 

network structure, established connections and the nature of data generated in 

that network, i.e., by searching for structural holes in their network.  

8.5.1 Intelligent materials  

The system for intelligent materials would require the implementation of both 

identification system and the supporting database. Naturally, the most 

suitable identification method is case specific, but the underlining issues 

remain the same. As discussed previously, considering the long lifespan of 

steel products, the robustness of the identification is an important issue (see 

Subsection 3.2.7 and Table 4 for more details). In order for the system for 

intelligent materials to function comprehensively, all the actors participating 

to the lifecycle of the product must have an access to the supporting database. 

Depending on the design of the system, the intelligence can be located at the 

object, i.e., on the material, but likewise the system can produce the 

intelligence through a network from an outside location (Meyer et al., 2009). 

The intelligence through network notion has many benefits, but the most 

notable is the possibility to simplify the identification method in the steel 

object. If the unique identity is just a simple engraved or printed marking, 

ensuring the robustness of the identification is considerably easier than with 

RFID tags or USN systems, where the intelligence may even be located at the 

object.  

As history has shown, a new communication platform typically benefits from 

openness, for example illustrated by 3Com with the success of Ethernet 

protocol (Chesbrough & Rosenbloom, 2002). In order to get the system widely 
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established, the system needs to be easily adopted without any adaptation fees, 

since the implementation of a new system tend to cause companies sizable 

switching costs in all circumstances. For instance, as presented in Subsection 

4.4.2, Apple revolutionized both the music industry and the portable music 

players with their iTunes and iPod model, but still they did their best to not 

hinder the customer’s adaptation for system. The iTunes software could be 

used both with Windows and Macintosh operating systems and even though 

they could be seamlessly integrated with each other, the two parts would still 

function as stand-alone products. Customers could use iTunes with another 

portable media device or just to buy and listen music on the computer, as they 

could use optional software to manage their media library on their iPods.  

As well as the intelligence, the data incorporated to certain identity can be 

located either locally at the object or stored remotely at a supporting database. 

In some cases, the system can be devised so that both methods are utilized and 

the local and remote data contents may have variances according to needs. For 

instance, in a scenario presented by Kubler (et al., 2015), an intelligent piece of 

clothing discusses with the washing machine in order to select right kind of 

washing cycle and to track down the number of washes conducted to that 

garment. Even though the remote database may, and even should, contain a 

vast amount of history data about the manufacturing of the fabric and product, 

this information is not relevant for the washing cycle. If the system is designed 

to utilize both data storages efficiently and so that the data can be rewritten 

when needed, the local storage will be able to contain and present only the 

most relevant information in each part of the product’s lifecycle. If the system 

is really sophisticated, the local data can even be altered to best suit the 

current situation at hand or according to different user preferences.  

8.5.2 Business models  

When rival companies compete within similar restraints in the same field and 

with substituting products, their business models are very much aligned. In 

this competition between resembling business models the companies can seek 

for competitive advantage attained through Porter's notion of differentiation 

and low cost (1985). But the competitive advantage gained through value chain 

optimization is not sustainable, as a novel business model can surpass these 

existing business models.  

The conducted interviews illustrated that the notion of intelligent materials 

is very scarcely known within the industry, but the possibilities that they 

induce would be received with open arms. Significant number of informants 

endorsed both the technological possibilities to the industry, which intelligent 

materials would provide, and the need for new methods to enhance 

differentiation for their steel products. The urgency to reshape their 

businesses among the steel industry has been long acknowledged (e.g., 

Matthyssens et al., 2013), as the emerging markets lead by China and India, 

represent a serious threat to the competitiveness of Western steel producers.  
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8.5.3 Steel as a message carrier  

The research findings indicate how important the mediating of information 

really is to the success of companies. Especially in the future, the emergence of 

internet of things (IoT) will lead to situation where even in the most 

traditional industries, such as steel manufacturing, the importance of the 

products is slowly diminishing. In a field, where companies are finding it 

difficult to protect their product offerings even within the current constraints, 

it will be practically impossible to gain competitive advantage by strict asset 

protection.  When different manufacturers and machines will generate 

constantly expanding amounts of data, the information asymmetry between 

different actors will decrease. Instead of data possession, the companies have 

to focus on how to utilize that data better than the rivals.  

It seems that the actors in the steel industry mutually desire a system of 

intelligent materials, but have failed to create concrete solutions. This has 

been caused by contradicting views of the management and engineering side, 

where one party envision the phenomenal possibilities and the other side is 

adamant that the systems are too complex to work. In addition, the actors 

have perceived their information to be valuable, but at the same time, have 

refused to pay to receive information from others. Clearly there is a need for a 

party able to communicate the mutual benefits of the system and to enable 

methods to focus on the value co-creation between different actors in the 

system. As Figure 20 demonstrates, substantial potential for mutual benefits 

do exist. 
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Figure 20. A simplified, but potential lifecycle of a car hood plate. Intelligent material could 
provide valuable information to and from all the phases of the cycle 

Open information sharing between all the actors in the chain will help all the 

actors on some level. The companies can optimize their own processes based 

on that information, but also opt to make adaptations that are meant to ease 

the processes of other actors. In Figure 20, different actors in the value chain 

could both provide and receive information valuable related to their 

operations with intelligent materials. As the results of this study indicate, the 

biggest challenges of the system are not technical, as intelligent materials 

would not require complex techniques, as the objects do not need to be smart, 

only unique. Instead, the different actors of the steel industry have so far been 

unable to see the mutual benefits of the system, resulting in inability to create 

the desired universal systems.  

If the information is not shared between the companies, it will result in 

forming of clusters possessing of dense, but very case specific, information. In 

turn, this will lead to forming immense potential for structural holes in those 

networks. The situation can be also observed from Figure 20, when assuming 

that information is similarly generated by all the actors, but no information is 

shared to other parties. In the best possible scenario, although the material or 

product distributed only forward, the information is shared between all the 

actors in the value chain. For that reason, the simple, but unique items and a 

supporting database could be an ideal solution for all the parties in the 

industry.  
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8.6 Limitations of the study 

Based on the conducted qualitative research, this thesis made three 

propositions related to intelligent materials, business models and structural 

holes. Although it deemed challenging at first, the three main concepts could 

be combined to form the propositions. But since the generalization of the 

results of qualitative research has its challenges (Cooper & Schindler, 2013; 

Yin, 2009), it is important to discuss to what extent the  results of this thesis 

could be generalized and to further evaluate the limitations of the conducted 

research.  

Regarding to case study, it has been stated that “only if you are forced to 

state some propositions will you move in the right direction” (Yin, 2009, p. 

28). The propositions are meant to help in reflecting the theoretical issues that 

are being studied and further guide the researcher in finding relevant evidence 

(Yin, 2009).  

During the research, some ideas started to converge based on the empirical 

material. Instead of actual propositions, they were regarded as initial insights. 

One of such initial insights, for example, ultimately led to formulating finding 

F5b. Accumulation of material started to point out the benefits of creating the 

intelligence though network, instead of incorporating intelligent sensors or 

objects to the products. Since this insight has been lacking in the past, it might 

have been an important factor limiting the generation of such systems between 

steel industry actors. All this has contributed in generation of the Maps of 

structure lead to treasures -proposition (Proposition 3, see Section 8.3). 

In the specific context of this research, related to increasing intelligence of 

steel industry processes, structural holes and business models could be 

connected. It is difficult to determine, to what extent the made propositions 

can be directly exported to different contexts. The steel industry processes 

provide appealing conditions for the emergence of structural holes in the 

relevant networks. The industry actors perceive the information to be valuable, 

but have failed to create systems that generate or share it between different 

actors, and, most importantly, have not been able to design systems to 

incorporate the information to their existing products. The products 

themselves are strictly standardized and the production processes are 

optimized. Making changes to either of the two has not been perceived 

appealing enough to really produce new solutions. However, the situation may 

not be similar in other contexts.  

8.7 Suggestions for future research   

The objective of the researcher may be to discover new things, and to find 

variables and relationships relevant to existing knowledge (Dubois & Gadde, 

2002). In line with this thought, this study pointed out the connection 

between the concepts of structural holes and business models, in the steel 

industry context of this study. The observation could be made separately both 

by theoretical and empirical material. However, further studies and discussion 

are encouraged to validate this connection.  
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The three propositions made in this thesis relate to the connection of 

structural holes and business models in the given case study stetting. The 

propositions are also tightly connected to the increasing intelligence of 

materials in steel industry, which was seen as a potential consequence of 

bringing internet of things applications to the steel industry processes. Other 

studies in different contexts are needed to further examine the propositions 

constructed in this thesis. They could either validate the made propositions or 

by providing new insight, develop the made propositions or even prove them 

to be invalid.  

As the study pointed out that all three key concepts, intelligent materials, 

structural holes and business models deem to be interconnected in steel 

industry setting, it would be interesting to conduct studies examining only two 

concepts of the three. If a system for intelligent materials would be established 

to steel industry, the effects of it on the incumbent companies’ business 

models could be studied. Likewise, potential research focuses could be 

whether intelligent materials could bridge the structural holes in an industry 

network, or if the link between structural holes and business models can be 

identified in different case or industry settings.  

This thesis also formulated a construct that aims to clarify the ongoing 

discussion related to intelligent materials. Although it contributes to existing 

literature, the suitability of this construct should be examined further and, if 

needed, refined to best suit the future needs. It is not considered to be 

complete, but rather to provide a nudge toward the right direction. Additional 

studies are needed to determine the best alternatives how to incorporate 

information to products and materials.  

Regarding to the research questions of this study, the last supporting 

question “SQ4: How the issue of data ownership affects the situation or 

development of new business models?” produced a follow up question that 

was not answered in this thesis. According to the findings of this study, answer 

to the follow up question, “SQ5: Is data ownership really an important issue?”, 

would be in its all simplicity: “No”. The interview findings indicate the twofold 

perceptions of the industry, where the parties reluctant to share the data are 

the ones that are not currently utilizing the data efficiently and the parties 

sharing the data actively are the ones that emphasize data leveraging over data 

possession. However, further studies are needed to truly answer the additional 

research question.    
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9. Summary  

This short summary recapitulates the main implications made during the 

research. To provide a better structure for these remarks, they are presented 

by reflecting them to the research questions. The chapter aims to combine the 

most relevant findings, managerial implications and the made propositions 

into very compact form. 

 

How intelligent materials can change the steel industry business models? 

The steel industry companies are finding it increasingly difficult to gain 

competitive edge through product offerings. The need for standardization 

dictates that the differentiation benefits are difficult to generate or maintain, 

as customers hesitate to select patented products. Since various industries 

have already been transformed by the consequences of digital revolution, the 

actors in steel industry are curious to find ways to emulate this development.  

Should the companies success in generating systems providing intelligent 

materials, they might subsequently alter their current business models. The 

steel industry companies might make a transition from manufacturing domain 

to information intensive business domain, where the most valuable, sellable 

product is information, rather than raw materials.  This will have an integral 

effect on the dominant business models of the industry. 

Intelligent materials can enable new business models to steel industry 

actors. More precisely, they may enable companies to act according to 

propositions given in this thesis. Since ‘Maps of structure lead to treasures’ 

(see Section 8.3), the actors should first investigate their current actions, i.e., 

what actions they do, what kind of information they currently produce and 

what they would need more. This map can generate businesses, as ‘Bridges 

over structural holes yield profits’ (see Section 8.2).  

How it would be possible to increase the intelligence of materials?  

Increasing the intrinsic intelligence of materials can be regarded as science 

fiction. Likewise, it is challenging to find methods to identify different items of 

raw materials uniquely simply by their properties, like a log of tree can be 

identified by its DNA. The more realistic alternatives are add-on devices (e.g., 

sensors or RFIDs) and identifying markings (e.g., engravings or print labels). 

These must be accompanied with a supporting database.  
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Based on the system design, the intelligence can be located at the object or 

through network. In the steel industry context, most suitable approach would 

be to incorporate simple, but unique markings at objects with a supporting 

database through network. This would enable making the identifying method 

more robust to sustain the challenging usage environments, but also 

contribute to making the system more compatible with different existing 

information systems, as the marking can stay intact, even the supporting 

database is altered.  

How different actors in the steel industry could benefit from increased 
intelligence in materials?  

The steel industry actors may benefit from intelligent materials by gaining new 

product offerings. They may enable them new types of services, where 

customer’s process is optimized. Providing more refined material information 

could exclude variants in the process flow. On general terms, all the different 

actors would benefit from the increased information and the increased 

traceability that intelligent materials could produce, as illustrated in Figure 

20. 

Intelligent materials could contribute in making recycling processes more 

material efficient. Although this is not considered to be economically 

attracting at the moment, different legislation acts and visions aim to 

eliminating waste generation, especially in the EU area. In order to optimize 

the material efficiency, materials need to be re-used and recycled more 

thoroughly. Intelligent materials might prove invaluable when pursuing these 

goals.  

How is a new business model created?  

A novel business model is generated when making new kinds of connections. 

Typically it relates to combining existing technologies and parts of information 

in a novel way or innovative connecting of existing processes or actors. This 

insight has already promoted in literature discussing business models. But 

since the new connections are so integral part of business models, it makes 

sense to argue that ‘Structural holes promote businesses’ (see Section 8.1). 

When a third party (i.e., a tertius) makes a new kind of connection, the 

possibility to broker the information flow between actors promotes the outset 

of a novel business model. The evidence indicates that the complementary case 

companies have already created such new business models by leveraging the 

information that is generated in smart building environments.  

How the issue of data ownership affects the situation or development of new 
business models? 

At the moment, the question of who ultimately owns the generated data is 

hindering the development of intelligent material systems. Actors in the steel 

industry hope to get data from other parties, but are unwilling to pay in order 

to get access to the information, whereas they are reluctant to share their own 

data with other actors. The situation is at standstill, as the system for 
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intelligent materials is mutually desired, but the actors have been unable to 

create such system. It is clear that combined efforts aiming for value co-

creation are needed to kick-start the process.  

It would seem that the industry actors more open to data sharing are the 

ones that instead of data protection, aim for recombining and leveraging the 

existing data. On the other hand, actors who are still unable to really grasp the 

increasing information intensity are unsure how and where data should be 

generated or utilized. They perceive the data as an asset to be protected, since 

they fear that if the data is shared, competitors can use it to imitate their 

products and catch up on the gained expertise.  

 

 

Final remarks 

According to the results of this research, intelligent materials can 

fundamentally alter the business models of steel industry actors. The number 

of structural holes may be increased in the industry networks following the 

internet of things related applications. Bridging these holes successfully may 

provide business potential to some, if not all, actors. However, it remains to be 

seen how the companies are able to make the impending transition from 

strictly manufacturing domain to the information intensive environment.  



References 

 102	  

References 

Afuah, A., & Tucci, C. (2001). Internet Business Models and Strategies. New 
York McGraw (p. 384). McGraw-Hill International Editions. 

Akyildiz, I. F., Brunetti, F., & Blázquez, C. (2008). Nanonetworks: A new 
communication paradigm. Computer Networks, 52(12), 2260–2279. 
doi:10.1016/j.comnet.2008.04.001 

Akyildiz, I. F., & Jornet, J. M. (2010). Electromagnetic wireless nanosensor 
networks. Nano Communication Networks, 1(1), 3–19. 
doi:10.1016/j.nancom.2010.04.001 

Akyildiz, I. F., & Vuran, M. C. (2010). Wireless Sensor Networks (p. 517). 
Chichester, UK: John Wiley & Sons Ltd. 

Allwood, J. M., Ashby, M. F., Gutowski, T. G., & Worrell, E. (2011). Material 
efficiency: A white paper. Resources, Conservation and Recycling, 55(3), 
362–381. doi:10.1016/j.resconrec.2010.11.002 

Allwood, J. M., Ashby, M. F., Gutowski, T. G., & Worrell, E. (2013). Material 
efficiency: Providing material services with less material production. 
Philosophical Transactions A, 371(20120496). 
doi:10.1098/rsta.2012.0496 

Alvesson, M. (1996). Leadership studies: From procedure and abstraction to 
reflexivity and situation. The Leadership Quarterly, 7(4), 455–485. 
doi:10.1016/S1048-9843(96)90002-8 

Amit, R., & Zott, C. (2001). Value creation in e-business. Strategic 
Management Journal, 22(6-7), 493–520. doi:10.1002/smj.187 

Amit, R., & Zott, C. (2012). Creating value through business model 
innovation. MIT Sloan Management Review, 53(3), 41–49. 

Anastasi, G., Conti, M., Di Francesco, M., & Passarella, A. (2009). Energy 
conservation in wireless sensor networks: A survey. Ad Hoc Networks, 
7(3), 537–568. doi:10.1016/j.adhoc.2008.06.003 

Apple. (2015a). Apple Music. Retrieved June 09, 2015, from 
http://www.apple.com/music/ 



References 

 103	  

Apple. (2015b). OS X Yosemite: Pick up where you left off with Handoff. 
Retrieved May 08, 2015, from 
https://support.apple.com/kb/PH18754?locale=en_US 

Arcelormittal. (2014). Product Definition. Retrieved March 02, 2015, from 
http://automotive.arcelormittal.com/saturnus/sheets/I5_EN.pdf 

Arica, E., & Powell, D. J. (2014). A framework for ICT-enabled real-time 
production planning and control. Advances in Manufacturing, 2(2), 158–
164. doi:10.1007/s40436-014-0070-5 

ASM International. (1991). ASM Metals Handbook Vol.01, Properties and 
Selection: Irons, Steels, and High-Performance Alloys. ASM Handbook 
(10th ed., p. 2521). 

ASM International. (1997). ASM Metals Handbook Vol.17, Nondestructive 
Evaluation and Quality Control. Technology (9th ed., p. 1608). 

ASM International. (1998). Metals Handbook, Desk Edition. Metals Handbook 
(p. 2571). 

Atkinson, A., & Brandolini, A. (2001). Promise and pitfalls in the use of 
“secondary” data-sets: Income inequality in OECD countries as a case 
study. Journal of Economic Literature, 39(3), 771–799. 

Atzori, L., Carboni, D., & Iera, A. (2014). Smart things in the social loop: 
Paradigms, technologies, and potentials. Ad Hoc Networks, 18, 121–132. 
doi:10.1016/j.adhoc.2013.03.012 

Atzori, L., Iera, A., & Morabito, G. (2010). The Internet of Things: A survey. 
Computer Networks, 54(15), 2787–2805. 
doi:10.1016/j.comnet.2010.05.010 

Atzori, L., Iera, A., & Morabito, G. (2014). From “Smart Objects” to “Social 
Objects”: The next evolutionary step of the Internet of Things. IEEE 
Communications Magazine, 52(1), 97–105. 
doi:10.1109/MCOM.2014.6710070 

Atzori, L., Iera, A., Morabito, G., & Nitti, M. (2012). The Social Internet of 
Things (SIoT) – When social networks meet the Internet of Things: 
Concept, architecture and network characterization. Computer Networks, 
56(16), 3594–3608. doi:10.1016/j.comnet.2012.07.010 

Baden-Fuller, C., & Morgan, M. S. (2010). Business models as models. Long 
Range Planning, 43(2-3), 156–171. doi:10.1016/j.lrp.2010.02.005 

BBC. (2012). DNA barcoding: The hi-tech fight against fake food. Retrieved 
April 01, 2015, from http://www.bbc.com/future/story/20120907-hi-tech-
fight-against-fake-food 

Blaiszik, B., Kramer, S., Olugebefola, S., Moore, J., Sottos, N., & White, S. 
(2010). Self-healing polymers and composites: Supplimental. Annual 



References 

 104	  

Review of Materials Research, 40, 179–211. doi:10.1146/annurev-matsci-
070909-104532 

Bogue, R. (2014). Smart materials: A review of capabilities and applications. 
Assembly Automation, 34(1), 16–22. doi:10.1108/AA-10-2013-094 

Bonaverde. (2015). World’s first roast-grind-brew coffee machine. Retrieved 
May 06, 2015, from https://bonaverde.com/ 

Borgatti, S. (2010). Strength of Weak Ties, Structural Holes, Closure and 
Small Worlds. Retrieved June 17, 2015, from 
http://www.analytictech.com/mgt780/slides/swt.pdf 

Boumans, M. (1999). Models as Mediators: Perspectives on Natural and Social 
Science. In Models as Mediators: Perspectives on Natural and Social 
Science. By: Morgan, MS; Morrison, M. 

Braaksma, A. J. J. (Jan), Klingenberg, W. (Warse), & van Exel, P. W. H. M. 
(Paul). (2011). A review of the use of asset information standards for 
collaboration in the process industry. Computers in Industry, 62(3), 337–
350. doi:10.1016/j.compind.2010.10.003 

Brandenburger, A. M., & Stuart, H. W. J. (1996). Value-based business 
strategy. Journal of Economics & Management Strategy, 5(1), 5–24. 
doi:10.1111/j.1430-9134.1996.00005.x 

BRIDGE. (2008). Sensor-Enabled RFID Tag Handbook. Retrieved from 
http://bridge-
project.eu/data/File/BRIDGE_WP01_RFID_tag_handbook.pdf 

Bromenshenk, J. J., Henderson, C. B., & Smith, G. C. (2003). Biological 
systems. In MacDonald, J., Lockwood, J.R., McFee, J., Altshuler, T., 
Broach, T., Carin, L., Rappaport, C., Scott, W.R., Weaver, R., 2003. 
Alternatives for Landmine Detection. MR-1608, RAND. Appendix S (pp. 
273–283). 

Bruker. (2014). S1 Titan XRF Analyzer. Retrieved February 10, 2015, from 
http://www.bruker.com/fileadmin/user_upload/8-PDF-Docs/X-
rayDiffraction_ElementalAnalysis/HH-
XRF/Brochures/S1_TITAN/S1_TITAN_PMI_Brochure.pdf 

Burt, R. (1992). Structural Holes (p. 313). Harvard University Press. 

Burt, R. (1997). A note on social capital and network content. Social Networks, 
19, 355–373. doi:10.1016/S0378-8733(97)00003-8 

Burt, R. (2004). Structural holes and good ideas. The American Journal of 
Sociology, 110(2), 349–399. doi:10.1086/421787 

Burt, R., Gabbay, S., Holt, G., & Moran, P. (1994). Contingent organization as 
a network theory: The culture-performance contingency function. Acta 
Sociologica, 37, 345–370. doi:10.1177/000169939403700404 



References 

 105	  

Cabeza, L. F., Rincón, L., Vilariño, V., Pérez, G., & Castell, A. (2014). Life 
cycle assessment (LCA) and life cycle energy analysis (LCEA) of 
buildings and the building sector: A review. Renewable and Sustainable 
Energy Reviews, 29, 394–416. doi:10.1016/j.rser.2013.08.037 

Casadesus-Masanell, R., & Ricart, J. (2007). Competing through business 
models. IESE Business School Working Paper No. 713. Retrieved from 
http://papers.ssrn.com/sol3/papers.cfm?abstract_id=1115201 

Casadesus-Masanell, R., & Ricart, J. E. (2010). From Strategy to Business 
Models and onto Tactics. Long Range Planning, 43(2-3), 195–215. 
doi:10.1016/j.lrp.2010.01.004 

Casadesus-Masanell, R., & Ricart, J. E. (2011). How to design a winning 
business model. Harvard Business Review, 89(1). 

Cerovsek, T. (2011). A review and outlook for a “Building Information 
Model” (BIM): A multi-standpoint framework for technological 
development. Advanced Engineering Informatics, 25(2), 224–244. 
doi:10.1016/j.aei.2010.06.003 

Chae, M. J., Yoo, H. S., Kim, J. Y., & Cho, M. Y. (2012). Development of a 
wireless sensor network system for suspension bridge health monitoring. 
Automation in Construction, 21, 237–252. 
doi:10.1016/j.autcon.2011.06.008 

Charpentier, P., & Choffel, D. (2003). The feasibility of intrinsic signature 
identification for the traceability of pieces of wood. Forest Products 
Journal, 53(9), 40–46. 

Chen, Z., Clements-Croome, D., Hong, J., Li, H., & Xu, Q. (2006). A 
multicriteria lifespan energy efficiency approach to intelligent building 
assessment. Energy and Buildings, 38(5), 393–409. 
doi:10.1016/j.enbuild.2005.08.001 

Chesbrough, H. (2010). Business model innovation: Opportunities and barriers. 
Long Range Planning, 43(2-3), 354–363. doi:10.1016/j.lrp.2009.07.010 

Chesbrough, H., & Rosenbloom, R. S. (2002). The role of the business model 
in capturing value from innovation: evidence from Xerox corporation’s 
technology spin-off companies. Industrial and Corporate Change, 11(3), 
529–555. doi:10.1093/icc/11.3.529 

Chi, K., Zhu, Y., Jiang, X., & Tian, X. (2013). Optimal coding for transmission 
energy minimization in wireless nanosensor networks. Nano 
Communication Networks, 4(3), 120–130. 
doi:10.1016/j.nancom.2013.07.001 

Cho, C.-Y., Kwon, S., Shin, T.-H., Chin, S., & Kim, Y.-S. (2011). A 
development of next generation intelligent construction liftcar toolkit for 
vertical material movement management. Automation in Construction, 
20(1), 14–27. doi:10.1016/j.autcon.2010.07.008 



References 

 106	  

Christensen, C. (1997). The Innovator’s Dilemma: When New Technologies 
Cause Great Firms to Fail (p. 257). Boston, Massachusetts: Harvard 
Business School Press. 

Chung, T.-Y., Mashal, I., Alsaryrah, O., Chang, C.-H., Hsu, T.-H., Li, P.-S., & 
Kuo, W.-H. (2014). MUL-SWoT: A Social Web of Things Platform for 
Internet of Things Application Development. In 2014 IEEE International 
Conference on Internet of Things (iThings), and IEEE Green Computing 
and Communications (GreenCom) and IEEE Cyber, Physical and Social 
Computing (CPSCom) (pp. 296–299). IEEE. doi:10.1109/iThings.2014.53 

Chung, T.-Y., Mashal, I., Alsaryrah, O., Huy, V., Kuo, W.-H., & Agrawal, D. 
P. (2013). Social Web of Things: A Survey. In 2013 International 
Conference on Parallel and Distributed Systems (pp. 570–575). IEEE. 
doi:10.1109/ICPADS.2013.102 

CL2M. (2009). Next Generation PLM - The Information Exchange for Closed 
Loop Lifecycle Management. Retrieved March 20, 2015, from 
http://cl2m.com/ 

Cooper, D., & Schindler, P. (2013). Business Research Methods (12th ed., p. 
692). Irwin: McGraw Hill. 

Cusumano, M. (1988). Manufacturing innovation: Lessons from the Japanese 
auto industry. MIT Sloan Management Review, 30(1), 29–30. 

Deguilloux, M.-F., Pemonge, M.-H., & Petit, R. J. (2004). Original article 
DNA-based control of oak wood geographic origin in the context of the 
cooperage industry. Annals of Forest Science, 61(1), 97–104. 
doi:10.1051/forest:2003089 

Ding, L. Y., Zhou, C., Deng, Q. X., Luo, H. B., Ye, X. W., Ni, Y. Q., & Guo, 
P. (2013). Real-time safety early warning system for cross passage 
construction in Yangtze Riverbed Metro Tunnel based on the internet of 
things. Automation in Construction, 36, 25–37. 
doi:10.1016/j.autcon.2013.08.017 

Dong, T., Le, M., Nguyen, Q., Coelho, A., & Vuong, T. (2014). Circularly 
polarized passive UHF RFID Tag on Wall for Indoor Object Identification 
and Localization. In The 2014 International Conference on Advanced 
Technologies for Communications (ATC’14) (pp. 48–53). 
doi:10.1109/ATC.2014.7043354 

Dubois, A., & Araujo, L. (2007). Case research in purchasing and supply 
management: Opportunities and challenges. Journal of Purchasing and 
Supply Management, 13(3), 170–181. doi:10.1016/j.pursup.2007.09.002 

Dubois, A., & Gadde, L. (2002). Systematic combining: An abductive 
approach to case research. Journal of Business Research, 55, 553–560. 
doi:10.1016/S0148-2963(00)00195-8 



References 

 107	  

Dyer, J. H., & Singh, H. (1998). The relational view: Cooperative strategy and 
sources of interorganizational competitive advantage. The Academy of 
Management Review, 23(4), 660–679. doi:10.2307/259056 

Easton, G. (2010). Critical realism in case study research. Industrial Marketing 
Management, 39(1), 118–128. doi:10.1016/j.indmarman.2008.06.004 

Eisenhardt, K. M. (1989). Building theories from case study research. The 
Academy of Management Review, 14(4), 532–550. 
doi:10.5465/AMR.1989.4308385 

Ericsson. (2012). A Social Web of Things -UX Blog. Retrieved March 19, 
2015, from http://www.ericsson.com/uxblog/2012/04/a-social-web-of-
things/ 

Errasti, A., Beach, R., Oduoza, C., & Apaolaza, U. (2009). Close coupling 
value chain functions to improve subcontractor manufacturing 
performance. International Journal of Project Management, 27(3), 261–
269. doi:10.1016/j.ijproman.2008.01.010 

Espada, J. P., Díaz, V. G., Crespo, R. G., Martínez, O. S., G-Bustelo, B. C. P., 
& Lovelle, J. M. C. (2015). Using extended web technologies to develop 
Bluetooth multi-platform mobile applications for interact with smart 
things. Information Fusion, 21(1), 30–41. 
doi:10.1016/j.inffus.2013.04.008 

European Comission. (2007). Communicating about Europe via the Internet: 
Engaging the citizens. SEC(2007)1742 (p. 24). Brussels. Retrieved from 
http://ec.europa.eu/ipg/docs/internet-strategy_en.pdf 

Farooqi, M. Z., Tabassum, S. M., Rehmani, M. H., & Saleem, Y. (2014). A 
survey on network coding: From traditional wireless networks to 
emerging cognitive radio networks. Journal of Network and Computer 
Applications, 46, 166–181. doi:10.1016/j.jnca.2014.09.002 

FasTrak. (2012). FasTrak® - Keeping the Bey Area Moving. Retrieved April 
10, 2015, from https://www.bayareafastrak.org/en/home/index.shtml 

Ferrando Chacon, J. L., Kappatos, V., Balachandran, W., & Gan, T. (2015). A 
novel approach for incipient defect detection in rolling bearings using 
acoustic emission technique. Applied Acoustics, 89, 88–100. 
doi:10.1016/j.apacoust.2014.09.002 

Ferrer, G., Dew, N., & Apte, U. (2010). When is RFID right for your service? 
International Journal of Production Economics, 124(2), 414–425. 
doi:10.1016/j.ijpe.2009.12.004 

Finne, M., Turunen, T., & Eloranta, V. (2014). Striving for network power: 
The perspective of solution integrators and suppliers. Journal of 
Purchasing and Supply Management, 21(1), 9–24. 
doi:10.1016/j.pursup.2014.08.001 



References 

 108	  

Fisco, N. R., & Adeli, H. (2011). Smart structures: Part II — Hybrid control 
systems and control strategies. Scientia Iranica, 18(3), 285–295. 
doi:10.1016/j.scient.2011.05.035 

Främling, K., Harrison, M., Brusey, J., & Petrow, J. (2007). Requirements on 
unique identifiers for managing product lifecycle information: comparison 
of alternative approaches. International Journal of Computer Integrated 
Manufacturing, 20(7), 715–726. doi:10.1080/09511920701567770 

Främling, K., Holmström, J., Ala-Risku, T., & Kärkkäinen, M. (2003). Product 
agents for handling information about physical objects. Technical report. 
Helsinki University of Technology. Retrieved from 
http://www.cs.hut.fi/Publications/Reports/B153.pdf 

Främling, K., & Nyman, J. (2009). From tracking with RFID to intelligent 
products. In Emerging Technologies & Factory Automation, 2009. ETFA 
2009. IEEE Conference on (p. 8). Mallorca. 
doi:10.1109/ETFA.2009.5347164 

Fuentealba, C., Choffel, D., & Charpentier, P. (2006). Non destructive control 
tool for wood traceability. In WNDT Group / IUFRO (p. 13). Concepción, 
Chile. doi:10.1.1.510.512 

Fuentealba, C., Simon, C., Choffel, D., Charpentier, P., & Masson, D. (2004). 
Wood products identification by internal characteristics readings. In IEEE 
International Conference on Industrial Technology (pp. 763–768). 
doi:10.1109/ICIT.2004.1490171 

Fujita, M., & Iwata, M. (2008). Reuse system of building steel structures. 
Structure and Infrastructure Engineering, 4(February 2015), 207–220. 
doi:10.1080/15732470600720351 

Gambardella, A., & McGahan, A. M. (2010). Business-model innovation: 
General purpose technologies and their implications for industry structure. 
Long Range Planning, 43(2-3), 262–271. doi:10.1016/j.lrp.2009.07.009 

García Márquez, F. P., Tobias, A. M., Pinar Pérez, J. M., & Papaelias, M. 
(2012). Condition monitoring of wind turbines: Techniques and methods. 
Renewable Energy, 46, 169–178. doi:10.1016/j.renene.2012.03.003 

García-Muñiz, A. S., & Vicente, M. R. (2014). ICT technologies in Europe: A 
study of technological diffusion and economic growth under network 
theory. Telecommunications Policy, 38(4), 360–370. 
doi:10.1016/j.telpol.2013.12.003 

Gargiulo, M., & Benassi, M. (1998). Trapped in your own net? Network 
cohesion, structural holes, and the adaptation of social capital. 
Organization Science, 11(2), 183 – 196. doi:10.1287/orsc.11.2.183.12514 

Gavrilovska, L., Milutinovic, V., Krco, S., Trobec, R., & Stojmenovic, I. 
(2010). Application and Multidisciplinary Aspects of Wireless Sensor 



References 

 109	  

Networks: Concepts, Integration, and Case Studies (p. 279). Springer 
Science & Business Media. 

Ghaziani, A., & Ventresca, M. J. (2005). Keywords and Cultural Change: 
Frame Analysis of Business Model Public Talk, 1975–2000. Sociological 
Forum, 20(4), 523–559. doi:10.1007/s11206-005-9057-0 

Ghosh, A., & Das, S. K. (2008). Coverage and connectivity issues in wireless 
sensor networks: A survey. Pervasive and Mobile Computing, 4(3), 303–
334. doi:10.1016/j.pmcj.2008.02.001 

Glaser, B. G. (1978). Theoretical Sensitivity: Advances in the Methodology of 
Grounded Theory (1st ed., p. 164). The Sociology Press. 

Glaser, B. G., & Strauss, A. L. (1967). The Discovery of Grounded Theory: 
Strategies for Qualitative Research. The Discovery of Grounded Theory: 
Strategies for Qualitative Research. Aldine Transaction. 

Granovetter, M. S. (1973). The strength of weak ties. The American Journal of 
Sociology, 78(6), 1360–1380. doi:10.1086/225469 

Granovetter, M. S. (1983). The strength of weak ties: A network theory 
revisited. Sociological Theory, 1(1983), 201–233. doi:10.2307/202051 

Gubbi, J., Buyya, R., Marusic, S., & Palaniswami, M. (2013). Internet of 
Things (IoT): A vision, architectural elements, and future directions. 
Future Generation Computer Systems, 29(7), 1645–1660. 
doi:10.1016/j.future.2013.01.010 

Guest, G., Namey, E., & Mitchell, M. (2012). Collecting Qualitative Data: A 
Field Manual for Applied Research (p. 376). London: Sage Publications. 

Gutierrez, C., Garbajosa, J., Diaz, J., & Yague, A. (2013). Providing a 
Consensus Definition for the Term “Smart Product.” 2013 20th IEEE 
International Conference and Workshops on Engineering of Computer 
Based Systems (ECBS), 203–211. doi:10.1109/ECBS.2013.26 

Habib, M. K. (2007). Controlled biological and biomimetic systems for 
landmine detection. Biosensors and Bioelectronics, 23(1), 1–18. 
doi:10.1016/j.bios.2007.05.005 

Helsingin Sanomat. (2015, March 23). DNA-viivakoodi paljastaa 
ruokapetoksen. Retrieved from 
http://www.hs.fi/tiede/a1426994284374?ref=hs-art-artikkeli 

Hinkka, V., & Tätilä, J. (2013). RFID tracking implementation model for the 
technical trade and construction supply chains. Automation in 
Construction, 35, 405–414. doi:10.1016/j.autcon.2013.05.024 

Hintikka, K. A. (2007). Web 2.0 - johdatus internetin uusiin 
liiketoimintamahdollisuuksiin (p. 48). Helsinki: TIEKE Tietoyhteiskunnan 
kehittämiskeskus ry. 



References 

 110	  

Hudson, M. J., & Reynolds, P. (2012). Implementation considerations for 
active vibration control in the design of floor structures. Engineering 
Structures, 44, 334–358. doi:10.1016/j.engstruct.2012.05.034 

IBM. (2013). Big data platform - Bringing big data to the Enterprise. Retrieved 
April 13, 2015, from http://www-01.ibm.com/software/data/bigdata/ 

Iliassafov, L., & Shimoni, E. (2007). Predicting the sensory crispness of coated 
turkey breast by its acoustic signature. Food Research International, 40, 
827–834. doi:10.1016/j.foodres.2007.01.013 

Irani, Z., & Kamal, M. M. (2014). Intelligent Systems Research in the 
Construction Industry. Expert Systems with Applications, 41(4), 934–950. 
doi:10.1016/j.eswa.2013.06.061 

Itami, H., & Nishino, K. (2010). Killing two birds with one stone. Long Range 
Planning, 43(2-3), 364–369. doi:10.1016/j.lrp.2009.07.007 

ITU-T. Ubiquitous Sensor Networks (USN). ITU-T technology watch briefing 
report series, no. 4 (2008). 

ITU-T. International Telecommunication Union, Telecommunication 
Standardization Sector. Overview of the Internet of Things. (2012). 

ITU-T. Big Data: Big today, normal tomorrow. ITU-T Technology watch 
report (2013). 

Johnson, M. W., Christensen, C. M., & Kagermann, H. (2008). Reinventing 
your business model. Harvard Business Review, 86(12), 50–60. 

Jover, J., Thomas, A., Leban, J.-M., & Canet, D. (2013). Interest of new 
communicating material paradigm: An attempt in wood industry. Journal 
of Physics: Conference Series, 416. doi:10.1088/1742-6596/416/1/012031 

Kalay, Y. E. (2006). The impact of information technology on design methods, 
products and practices. Design Studies, 27(3), 357–380. 
doi:10.1016/j.destud.2005.11.001 

Kamilaris, A., Papadiomidous, D., & Pitsillides, A. (2011). Lessons Learned 
from Online Social Networking of Physical Things. In 2011 International 
Conference on Broadband and Wireless Computing, Communication and 
Applications (pp. 128–135). IEEE. doi:10.1109/BWCCA.2011.24 

Kärkkäinen, M., Holmström, J., Främling, K., & Artto, K. (2003). Intelligent 
products—a step towards a more effective project delivery chain. 
Computers in Industry, 50(2), 141–151. doi:10.1016/S0166-
3615(02)00116-1 

Kerzner, H. R. (2009). Project Management: A Systems Approach to Planning, 
Scheduling and Controlling (10th ed., p. 1094). Hoboken, NJ, USA: John 
Wiley & Sons Ltd. 



References 

 111	  

Kerzner, H. R. (2014). Project Recovery: Case Studies and Techniques for 
Overcomping Project Failure (p. 336). Hoboken, NJ, USA: John Wiley & 
Sons Ltd. 

Khamedi, R., Fallahi, a., & Refahi Oskouei, a. (2010). Effect of martensite 
phase volume fraction on acoustic emission signals using wavelet packet 
analysis during tensile loading of dual phase steels. Materials and Design, 
31(6), 2752–2759. doi:10.1016/j.matdes.2010.01.019 

Kim, I., Lee, J., Mun, D., Jun, H., Hwang, J., Kim, J. T., & Han, S. (2012). 
Securing design checking service for the regulation-based product design. 
Computers in Industry, 63(6), 586–596. 
doi:10.1016/j.compind.2012.04.002 

Kiritsis, D. (2011). Closed-loop PLM for intelligent products in the era of the 
Internet of things. Computer-Aided Design, 43(5), 479–501. 
doi:10.1016/j.cad.2010.03.002 

Kiritsis, D., Bufardi, A., & Xirouchakis, P. (2003). Research issues on product 
lifecycle management and information tracking using smart embedded 
systems. Advanced Engineering Informatics, 17(3-4), 189–202. 
doi:10.1016/j.aei.2004.09.005 

Ko, C.-H. (2010). RFID 3D location sensing algorithms. Automation in 
Construction, 19(5), 588–595. doi:10.1016/j.autcon.2010.02.003 

Köksal, G., Batmaz, İ., & Testik, M. C. (2011). A review of data mining 
applications for quality improvement in manufacturing industry. Expert 
Systems with Applications, 38(10), 13448–13467. 
doi:10.1016/j.eswa.2011.04.063 

Kousksou, T., Bruel, P., Jamil, A., El Rhafiki, T., & Zeraouli, Y. (2014). 
Energy storage: Applications and challenges. Solar Energy Materials and 
Solar Cells, 120, 59–80. doi:10.1016/j.solmat.2013.08.015 

Kubler, S., Derigent, W., Främling, K., Thomas, A., & Rondeau, É. (2015). 
Enhanced Product Lifecycle Information Management using 
“communicating materials.” CAD Computer Aided Design, 59, 192–200. 
doi:10.1016/j.cad.2013.08.009 

Kubler, S., Derigent, W., Rondeau, E., Thomas, A., & Främling, K. (2013). 
Information dissemination framework for context-aware products. 
Computers & Industrial Engineering, 66(2), 485–500. 
doi:10.1016/j.cie.2013.07.015 

Kubler, S., Derigent, W., Thomas, A., & Rondeau, E. (2010). Problem 
definition methodology for the ”Communicating Material” paradigm. In 
10th IFAC Workshop on Intelligent Man- ufacturing Systems, IMS’10 (p. 
7). Lisbon, Portugal. Retrieved from https://hal.archives-ouvertes.fr/hal-
00518474 



References 

 112	  

Kubler, S., Derigent, W., Thomas, A., & Rondeau, É. (2013). Embedding data 
on “communicating materials” from context-sensitive information 
analysis. Journal of Intelligent Manufacturing, 25(5), 1053–1064. 
doi:10.1007/s10845-013-0745-y 

Kubler, S., Voisin, A., Derigent, W., Thomas, A., Rondeau, É., & Främling, K. 
(2014). Group fuzzy AHP approach to embed relevant data on 
“communicating material.” Computers in Industry, 65(4), 675–692. 
doi:10.1016/j.compind.2014.01.018 

Lau, K.-T. (2014). Structural health monitoring for smart composites using 
embedded FBG sensor technology. Materials Science and Technology, 
30(13), 1642–1654. doi:10.1179/1743284714Y.0000000608 

Lee, J. H., Song, J. H., Oh, K. S., & Gu, N. (2013). Information lifecycle 
management with RFID for material control on construction sites. 
Advanced Engineering Informatics, 27(1), 108–119. 
doi:10.1016/j.aei.2012.11.004 

Lemons, R. a., & Quate, C. F. (1974). Acoustic microscope - Scanning version. 
Applied Physics Letters, 24(1974), 163–165. doi:10.1063/1.1655136 

Lin, Y.-C., Cheung, W.-F., & Siao, F.-C. (2014). Developing mobile 2D 
barcode/RFID-based maintenance management system. Automation in 
Construction, 37, 110–121. doi:10.1016/j.autcon.2013.10.004 

Lippman, S., & Rumelt, R. (1982). Uncertain imitability: An analysis of 
interfirm differences in efficiency under competition. Bell Journal of 
Economics, 13(2), 418–438. doi:10.2307/3003464 

Lu, W., Yuan, H., Li, J., Hao, J. J. L., Mi, X., & Ding, Z. (2011). An empirical 
investigation of construction and demolition waste generation rates in 
Shenzhen city, South China. Waste Management (New York, N.Y.), 31(4), 
680–7. doi:10.1016/j.wasman.2010.12.004 

Lutz, A., Berg, O. Van Den, Damme, J. Van, Verheyen, K., Bauters, E., 
Graeve, I. De, … Terryn, H. (2015). A Shape-Recovery Polymer Coating 
for the Corrosion Protection of Metallic Surfaces. ACS Applied Materials 
and Interfaces, 7(1), 175–183. doi:10.1021/am505621x 

Ma, J., Yang, L., Apduhan, B., Huang, R., Barolli, L., & Takizawa, M. (2005). 
Towards a smart world and ubiquitous intelligence: a walkthrough from 
smart things to smart hyperspaces and UbicKids. International Journal of 
Pervasive Computing and Communications, 1(1), 53–68. 
doi:http://dx.doi.org/10.1108/17427370580000113 

Magretta, J. (2002). Why Business Models Matter. Harvard Business Review, 
(6), 3–8. 

Maillet, E., & Morscher, G. N. (2014). Waveform-based selection of acoustic 
emission events generated by damage in composite materials. Mechanical 



References 

 113	  

Systems and Signal Processing, 52-53, 217–227. 
doi:10.1016/j.ymssp.2014.08.001 

Majrouhi Sardroud, J. (2012). Influence of RFID technology on automated 
management of construction materials and components. Scientia Iranica, 
19(3), 381–392. doi:10.1016/j.scient.2012.02.023 

Mashal, I., Alsaryrah, O., Chung, T.-Y., Yang, C.-Z., Kuo, W.-H., & Agrawal, 
D. P. (2015). Choices for interaction with things on Internet and 
underlying issues. Ad Hoc Networks. doi:10.1016/j.adhoc.2014.12.006 

Matthyssens, P., Vandenbempt, K., & Van Bockhaven, W. (2013). Structural 
antecedents of institutional entrepreneurship in industrial networks: A 
critical realist explanation. Industrial Marketing Management, 42(3), 
405–420. doi:10.1016/j.indmarman.2013.02.008 

Mayer, S., Tschofen, A., Dey, A. K., & Mattern, F. (2014). User interfaces for 
smart things - A generative approach with semantic interaction 
descriptions. ACM Transactions on Computer-Human Interaction, 21(2), 
1–25. doi:10.1145/2584670 

McFarlane, D., Sarma, S., Chirn, J. L., Wong, C. ., & Ashton, K. (2003). Auto 
ID systems and intelligent manufacturing control. Engineering 
Applications of Artificial Intelligence, 16(4), 365–376. 
doi:10.1016/S0952-1976(03)00077-0 

McGahan, A. (2004). How industries change. Harvard Business Review, 
82(10), 86–94. 

McGrath, R. G. (2010). Business Models: A Discovery Driven Approach. Long 
Range Planning, 43(2-3), 247–261. doi:10.1016/j.lrp.2009.07.005 

Mekki, K., Derigent, W., Rondeau, E., Zouinkhi, A., & Abdelkrim, M. N. 
(2013). Multi-hop counter based data dissemination protocol for 
communicating materials. In IEEE 9th International Conference on 
Wireless and Mobile Computing, Networking and Communications, 
WiMob 2013 (pp. 45–52). Lyon, France: IEEE. Retrieved from 
http://ieeexplore.ieee.org/xpls/abs_all.jsp?arnumber=6673339 

Mekki, K., Derigent, W., Zouinkhi, A., Rondeau, E., & Abdelkrim, M. N. 
(2014). Data Dissemination Algorithms for Communicating Materials 
Using Wireless Sensor Networks. In 2014 International Conference on 
Future Internet of Things and Cloud (pp. 230–237). IEEE. 
doi:10.1109/FiCloud.2014.44 

Meyer, G. G., Främling, K., & Holmström, J. (2009). Intelligent Products: A 
survey. Computers in Industry, 60(3), 137–148. 
doi:10.1016/j.compind.2008.12.005 

Mint of Finland Ltd. (2013). Coin structure. World Intellectual Property 
Organization. 



References 

 114	  

Miorandi, D., Sicari, S., De Pellegrini, F., & Chlamtac, I. (2012). Internet of 
things: Vision, applications and research challenges. Ad Hoc Networks, 
10(7), 1497–1516. doi:10.1016/j.adhoc.2012.02.016 

Morgan, M. S. (2006). Economic Man as Model Man: Ideal Types, 
Idealization and Caricatures. Journal of the History of Economic Thought, 
28(01), 1. doi:10.1080/10427710500509763 

Morris, J. (2011). Sounds in the cloud: Cloud computing and the digital music 
commodity. First Monday, 16(5). doi:10.5210/fm.v16i5.3391 

Morris, M., Schindehutte, M., & Allen, J. (2005). The entrepreneur’s business 
model: toward a unified perspective. Journal of Business Research, 58(6), 
726–735. doi:10.1016/j.jbusres.2003.11.001 

Nahapiet, J., & Ghoshal, S. (1998). Social capital, intellectual capital and the 
organizational advantage. Academy of Management Review, 23(2), 242–
266. doi:10.2307/259373 

Nelson, R. R., & Winter, S. G. (1982). An Evolutionary Theory of Economic 
Change (p. 437). Cambridge: Belknap. 

Nelson, R. R., & Winter, S. G. (2002). Evolutionary theorizing in economics. 
The Journal of Economic Perspectives, 16(2), 23–46. 
doi:10.1257/0895330027247 

Ness, D., Swift, J., Ranasinghe, D. C., Xing, K., & Soebarto, V. (2014). Smart 
steel: new paradigms for the reuse of steel enabled by digital tracking and 
modelling. Journal of Cleaner Production, 1–16. 
doi:10.1016/j.jclepro.2014.08.055 

O’Reilly, T. (2007). What Is Web 2.0: Design Patterns and Business Models 
for the Next Generation of Software. Communications & Strategies, 
65(1), 17–37. doi:10.1145/1217666.1217669 

Olsen, P., & Borit, M. (2013). How to define traceability. Trends in Food 
Science & Technology, 29(2), 142–150. doi:10.1016/j.tifs.2012.10.003 

Olympus. (2014a). Handheld XRF Analyzers, DELTA Series. Retrieved 
February 10, 2015, from http://www.olympus-
ims.com/en/.downloads/download/?file=285213159&fl=en_US 

Olympus. (2014b). Handheld XRF Analyzers, Limits of Detection. Retrieved 
February 10, 2015, from http://www.olympus-
ims.com/en/.downloads/download/?file=285213158&fl=en_US 

Ortiz, A. M., Hussein, D., Park, S., Han, S. N., Member, S., Crespi, N., & 
Member, S. (2014). The cluster between Internet of Things and social 
networks: Review and research challenges. IEEE Internet of Things 
Journal, 1(3), 206–215. doi:10.1109/JIOT.2014.2318835 



References 

 115	  

Osterwalder, A. (2004). The business model ontology. A proposition in a 
design science approach. Université de Lausanne. Retrieved from 
www.hec.unil.ch/aosterwa/PhD/ 

Osterwalder, A., & Pigneur, Y. (2010). Business Model Generation: A 
Handbook for Visionaries, Game Changers, and Challengers (p. 281). 
Hoboken, NJ: John Wiley & Sons Ltd. 

Outokumpu. (2014). Steel Grades , Properties and Global Standards. Retrieved 
February 10, 2015, from 
http://www.outokumpu.com/SiteCollectionDocuments/Outokumpu-steel-
grades-properties-global-standards.pdf 

Oxford Instruments. (2014). X-met 8000. Retrieved February 10, 2015, from 
http://www.oxford-instruments.com/OxfordInstruments/media/oxford-
instruments-industrial-analysis/xmet8000/brochures/X-MET8000-PMI-
Manufacturing-Brochure_Sept2014.pdf 

Oyegoke, A. (2011). The constructive research approach in project 
management research. International Journal of Managing Projects in 
Business, 4(4), 573–595. doi:10.1108/17538371111164029 

Pacheco-Torgal, F. (2014). Eco-efficient construction and building materials 
research under the EU Framework Programme Horizon 2020. 
Construction and Building Materials, 51, 151–162. 
doi:10.1016/j.conbuildmat.2013.10.058 

Patton, M. (1990). Qualitative evaluation and research methods (2nd ed., p. 
532). Thousand Oaks, CA, CA, US: Sage Publications, Inc. 

Pauwels, K., & Weiss, A. (2007). Moving from free to fee: How online firms 
market to change their business model successfully. Journal of Marketing, 
72(3), 14–31. doi:10.1509/jmkg.72.3.14 

Petticrew, M., & Roberts, H. (2006). Systematic Reviews in the Social Sciences 
(1st ed., p. 354). Blackwell Publishing. 

Pongiglione, M., & Calderini, C. (2014). Material savings through structural 
steel reuse: A case study in Genoa. Resources, Conservation and 
Recycling, 86, 87–92. doi:10.1016/j.resconrec.2014.02.011 

Porter, M. (1980). Competitive Strategy: Techniques for Analyzing Industries 
and Competitors. Competitive Strategy (Vol. 1, p. 396). New York: Free 
Press. 

Porter, M. (1985). Competitive Advantage: Creating and Sustaining Superior 
Performance (p. 557). New York: Free Press. 

Porter, M. (1996). What is strategy? Harvard Business Review, 74(6). 

Porter, M. (1998). Clusters and the new economics of competition. Harvard 
Business Review, 76(6), 77–90. 



References 

 116	  

Porter, M., & Heppelmann, J. (2014). How smart, connected products are 
transforming competition. Harvard Business Review, 92(11), 65–88. 

Porter, M., & Millar, V. (1985). How information gives you competitive 
advantage. Harvard Business Review, 63(4), 149–160. 

Portes, A. (1998). Social capital: Its origins and applications in modern 
sociology. Annual Review of Sociology, 24, 1–24. 
doi:10.1146/annurev.soc.24.1.1 

Pursula, P., Pesonen, N., & Marttila, I. (2014). Achieving Long Reading 
Ranges with Passive Wireless Intermodulation Sensors. In 2014 IEEE 
RFID Technology and Applications Conference (RFID-TA) (pp. 131–
134). 

Ranasinghe, D. C., Harrison, M., Främling, K., & McFarlane, D. (2011). 
Enabling through life product-instance management: Solutions and 
challenges. Journal of Network and Computer Applications, 34, 1015–
1031. doi:10.1016/j.jnca.2010.04.019 

Rau, P.-L. P., Huang, E., Mao, M., Gao, Q., Feng, C., & Zhang, Y. (2015). 
Exploring interactive style and user experience design for social web of 
things of chinese users: A case study in beijing. International Journal of 
Human-Computer Studies, 80, 24–35. doi:10.1016/j.ijhcs.2015.02.007 

Ray, B. R., Abawajy, J., & Chowdhury, M. (2014). Scalable RFID security 
framework and protocol supporting Internet of Things. Computer 
Networks, 67, 89–103. doi:10.1016/j.comnet.2014.03.023 

Ren, Z., Yang, F., Bouchlaghem, N. M., & Anumba, C. J. (2011). Multi-
disciplinary collaborative building design—A comparative study between 
multi-agent systems and multi-disciplinary optimisation approaches. 
Automation in Construction, 20(5), 537–549. 
doi:10.1016/j.autcon.2010.11.020 

Rother, M. (2010). Toyota Kata: Managing People for Improvement (p. 306). 
New York, USA: McGraw Hill. 

Royal Canadian Mint. (2012). Method and apparatus for authentication of a 
coin or other manufactured item. World Intellectual Property 
Organization. 

Sallez, Y., Berger, T., Deneux, D., & Trentesaux, D. (2010). The lifecycle of 
active and intelligent products: The augmentation concept. International 
Journal of Computer Integrated Manufacturing, 23(10), 905–924. 
doi:10.1080/0951192X.2010.490275 

Salman, M., Cizer, Ö., Pontikes, Y., Santos, R. M., Snellings, R., Vandewalle, 
L., … Van Balen, K. (2014). Effect of accelerated carbonation on AOD 
stainless steel slag for its valorisation as a CO2-sequestering construction 
material. Chemical Engineering Journal, 246, 39–52. 
doi:10.1016/j.cej.2014.02.051 



References 

 117	  

ScienceDaily. (2013). Big Data, for better or worse: 90% of world’s data 
generated over last two years. Retrieved April 13, 2015, from 
http://www.sciencedaily.com/releases/2013/05/130522085217.htm 

Segreto, T., Karam, S., Simeone, A., & Teti, R. (2013). Residual Stress 
Assessment in Inconel 718 Machining Through Wavelet Sensor Signal 
Analysis and Sensor Fusion Pattern Recognition. Procedia CIRP, 9, 103–
108. doi:10.1016/j.procir.2013.06.176 

SelectaDNA. (2015). SelectaDNA Forensic Coding. Retrieved April 01, 2015, 
from https://www.selectadna.co.uk 

Sham, T.-K. (2014). Photon-In/Photon-Out Spectroscopic Techniques for 
Materials Analysis: Some Recent Developments. Advanced Materials, 
n/a–n/a. doi:10.1002/adma.201304349 

Shapiro, C., & Varian, H. (1999). Information rules. A Strategic Guide to the 
Network (p. 352). Boston, Massachusetts: Harvard Business School Press. 

Sharples, S. D., Clark, M., & Somekh, M. G. (2003). All-optical adaptive 
scanning acoustic microscope. Ultrasonics, 41, 295–299. 
doi:10.1016/S0041-624X(02)00461-4 

Siggelkow, N. (2007). Persuasion with case studies. The Academy of 
Management Journal, 50(1), 20–24. doi:10.2307/20159838 

Simba, A. (2013). The role of global R&D networks in generating social 
capital for born-global bio-tech firms: a multi-case approach. 
International Journal of Entrepreneurship and Small Business, 20(3), 
342. doi:10.1504/IJESB.2013.056894 

Simmel, G. (1902). The number of members as determining the sociological 
form of the group. II. American Journal of Sociology, 8(2), 158–196. 
Retrieved from http://www.jstor.org/stable/2761932 

Smith, G. E., & Nagle, T. T. (1995). Frames of reference and buyers’ 
perception of price and value. California Management Review, 38(1), 98–
116. doi:10.2307/41165823 

Soua, S., Van Lieshout, P., Perera, A., Gan, T. H., & Bridge, B. (2013). 
Determination of the combined vibrational and acoustic emission 
signature of a wind turbine gearbox and generator shaft in service as a 
pre-requisite for effective condition monitoring. Renewable Energy, 51, 
175–181. doi:10.1016/j.renene.2012.07.004 

Splay Networks. (2014). Connecting brands and influencers. Retrieved May 
04, 2015, from http://splay.tv/ 

Succar, B. (2009). Building information modelling framework: A research and 
delivery foundation for industry stakeholders. Automation in 
Construction, 18(3), 357–375. doi:10.1016/j.autcon.2008.10.003 



References 

 118	  

Swift & Co. (2015). Committed to a History of Excellence. Retrieved May 07, 
2015, from http://swiftbeef.com/history-of-excellence/ 

Teece, D. J. (1986). Profiting from technological innovation: Implications for 
integration, collaboration, licensing and public policy. Research Policy, 
15(6), 285–305. doi:10.1016/0048-7333(86)90027-2 

Teece, D. J. (2010). Business models, business strategy and innovation. Long 
Range Planning, 43(2-3), 172–194. doi:10.1016/j.lrp.2009.07.003 

Teece, D. J., Pisano, G., & Shuen, A. (1997). Dynamic capabilities and 
strategic management. Strategic Management Journal, 18(7), 509–533. 
doi:10.1002/(SICI)1097-0266(199708)18:7<509::AID-
SMJ882>3.0.CO;2-Z 

The Royal Mint Ltd. (2014). Plating of articles. World Intellectual Property 
Organization. 

Thompson, J. D., & MacMillan, I. C. (2010). Business Models: Creating New 
Markets and Societal Wealth. Long Range Planning, 43(2-3), 291–307. 
doi:10.1016/j.lrp.2009.11.002 

Timmers, P. (1998). Business models for electronic markets. Electronic 
Markets, 8(2), 3–8. doi:10.1080/10196789800000016 

Töytäri, P. (2015). Managing value-based exchange in industrial markets: An 
organizational capability perspective. Aalto University, School of 
Science. 

Tuomi, J., & Sarajärvi, A. (2002). Laadullinen tutkimus ja sisällönanalyysi (p. 
182). Tammi. 

Turley, D. M. (1987). Restoration of stamp marks on steel components by 
etching and magnetic techniques. Journal of Forensic Sciences, 32(3), 
640–649. 

Turunen, T., Eloranta, V., & Hakanen, E. (2015). Leveraging big data in 
industrial service business - from protection to sharing and recombining. 
In QUIS14. Shanghai, China. 

Utterback, J. M., & Abernathy, W. J. (1975). A dynamic model of process and 
product innovation. Omega, 3(6), 639–656. doi:10.1016/0305-
0483(75)90068-7 

Van den Heede, P., & De Belie, N. (2012). Environmental impact and life 
cycle assessment (LCA) of traditional and “green” concretes: Literature 
review and theoretical calculations. Cement and Concrete Composites, 
34(4), 431–442. doi:10.1016/j.cemconcomp.2012.01.004 

Ventä, O. (2007). Intelligent products and systems: Technology theme-final 
report. VTT Technical Research Centre of Finland. 



References 

 119	  

Volvo. (2015). IntelliSafe. Retrieved April 10, 2015, from 
http://www.volvocars.com/us/about/our-innovations/intellisafe 

Walker, G., Kogut, B., & Shan, W. (1997). Social capital, structural holes and 
the formation of an industry network. Organization Science, 8(2), 109–
125. doi:10.1287/orsc.8.2.109 

Weimar, B., & Herrmann, D. (2011). A simple magneto-optical method for the 
restoration of erased markings in metals. Forensic Science International, 
207(1-3), 119–21. doi:10.1016/j.forsciint.2010.09.015 

Wightman, G., & Matthew, J. (2008). Restoration of stamp marks on steel 
components. Forensic Science International, 180(1), 32–6. 
doi:10.1016/j.forsciint.2008.06.017 

Williamson, P. J. (2010). Cost Innovation: Preparing for a “Value-for-Money” 
Revolution. Long Range Planning, 43(2-3), 343–353. 
doi:10.1016/j.lrp.2009.07.008 

Wu, P., Low, S. P., Xia, B., & Zuo, J. (2014). Achieving transparency in 
carbon labelling for construction materials – Lessons from current 
assessment standards and carbon labels. Environmental Science & Policy, 
44, 11–25. doi:10.1016/j.envsci.2014.07.009 

Xiao, Y., Yu, S., Wu, K., Ni, Q., Janecek, C., & Nordstad, J. (2007). Radio 
frequency identification: Technologies, applications, and research issues. 
Wireless Communications and Mobile Computing, 7(4), 457–472. 
doi:10.1002/wcm.365 

Yang, H., Chew, D. A., Wu, W., Zhou, Z., & Li, Q. (2012). Design and 
implementation of an identification system in construction site safety for 
proactive accident prevention. Accident; Analysis and Prevention, 48, 
193–203. doi:10.1016/j.aap.2011.06.017 

Yang, X., Moore, P., & Chong, S. K. (2009). Intelligent products: From 
lifecycle data acquisition to enabling product-related services. Computers 
in Industry, 60(3), 184–194. doi:10.1016/j.compind.2008.12.009 

Yick, J., Mukherjee, B., & Ghosal, D. (2008). Wireless sensor network survey. 
Computer Networks, 52(12), 2292–2330. 
doi:10.1016/j.comnet.2008.04.002 

Yin, R. K. (2009). Case Study Research: Design and Methods. (L. Bickman & 
D. J. Rog, Eds.)Essential guide to qualitative methods in organizational 
research (Vol. 5, p. 219). Sage Publications. Retrieved from 
http://books.google.com/books?id=FzawIAdilHkC&pgis=1 

Zekavat, P. R., Moon, S., & Bernold, L. E. (2014). Performance of short and 
long range wireless communication technologies in construction. 
Automation in Construction, 47, 50–61. doi:10.1016/j.autcon.2014.07.008 



References 

 120	  

Zhang, C., Cheng, C., & Ji, Y. (2012). Architecture design for Social Web of 
Things. In 1st International Workshop on Context Discovery and Data 
Mining (p. 7). doi:10.1145/2346604.2346608 

Zhao, J., Wang, M., Zhu, L., & Ding, J. (2014). Corporate social capital and 
business model innovation: The mediating role of organizational learning. 
Frontiers of Business Research in China, 8(4), 500–528. 
doi:10.3868/s070-003-014-0022-5 

Zhu, Z., German, S., & Brilakis, I. (2010). Detection of large-scale concrete 
columns for automated bridge inspection. Automation in Construction, 
19(8), 1047–1055. doi:10.1016/j.autcon.2010.07.016 

ZigBee Alliance. (2015). The ZigBee Alliance | Control your World. Retrieved 
April 14, 2015, from http://www.zigbee.org/ 

Zott, C., & Amit, R. (2009). The business model as the engine of network-
based strategies. In Kleindorfer, P.R. & Wind Y.J. (Eds.), The network 
challenge (pp. 259–275). Upper Saddle River, NJ: Wharton School 
Publishing. 

Zott, C., & Amit, R. (2010). Business Model Design: An Activity System 
Perspective. Long Range Planning, 43(2-3), 216–226. 
doi:10.1016/j.lrp.2009.07.004 

Zott, C., Amit, R., & Massa, L. (2011). The Business Model: Recent 
Developments and Future Research. Journal of Management, 37(4), 
1019–1042. doi:10.1177/0149206311406265 



Appendices 

 121	  

Appendices  

Appendix A: Conducted interviews  

Table 7. Interviews of case company MaterialCo and the network stakeholders 

Company Role Date Length 

MaterialCo 
 
 

Director  7 March 2014  94 min 

Development manager  11 March 2014  53 min 

Director  13 March 2014 82 min 

Vice president  13 March 2014   83 min 

Application manager  13 March 2014   66 min  

Director  13 March 2014   66 min 

Director  17 March 2014 76 min 

Application manager  17 March 2014 65 min 

Vice president  20 March 2014 56 min 

Director  20 March 2014 92 min 

Director  21 March 2014 65 min 

Contraction manager  21 March 2014 40 min 

Product group manager  24 March 2014 73 min 

Director  28 March 2014 111 min 

Application manager  28 March 2014 111 min 

Development manager  10 December 2014  31 min 

Production manager  10 December 2014 151 min 

Development director  22 January 2015 54 min 

Service manager  5 February 2015 50 min  

Service director  5 February 2015 50 min 

Design company Software technology manager 15 April 2014 58 min 

ICT company Account manager  22 April 2014 76 min 

Consulting company Mining technology director  12 January 2015 80 min 

Machinery company Development manager  4 February 2015 37 min 

Consulting company Systems design manager 5 February 2015 53 min  

Consulting company Material expert 5 May 2015 95 min 

Table 8. Interviews of complementary case companies 

Company Field Role Date Length 

Company A Electricity control CEO 24 September 2014 21 min  
Company B Building and industry services CEO 23 September 2014 29 min  
Company C Data acquisition CEO 20 November 2014 27 min 
Company D Energy optimization CEO 26 September 2014 30 min 
Company E Air conditioning and heat recovery CEO 27 October 2014 19 min 
Company F Security solutions CEO 1 October 2014 27 min 
Company G Building energy efficiency CEO 29 September 2014 27 min 
Company H Sensor data user interfaces CEO 20 November 2014 21 min 
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Appendix B: MaterialCo and stakeholder interview questions 

The readiness of customers  

 What is the customers’ readiness level for intelligent solutions?  

 How the readiness is likely to change? What factors act as drivers for 

the change?  

 Should the readiness of the customers be improved? If so, who can 

increase the readiness?  

 

Data gained from the customers 

 What is done with the data that is generated by, and gained from, the 

customers?  

 Do the actors try to protect the data that is generated? If so, why and 

how? What benefits the data protection provides? What are the 

drawbacks of data protection?  

 What is the importance of data to company’s competitiveness?  

 Is the importance perceived to increase or decline? What are the 

factors contributing to the change in relevance?  

 

Service networks  

 Is it possible to collect data from other sources besides the customers?  

 Who are the main actors in the network?  

 What kind of information (gained from different actors) would be the 

most precious, if it would be incorporated?  

 What kind of capabilities are you lacking currently? What are sought 

from other actors or providers?  

 How is the sharing of information and knowledge perceived? Is it a 

threat or a possibility?  

 What hinders the data sharing in the networks?  

 Are there partners or other actors in the network that are critical to 

your company’s competitiveness? Are you collaborating with these 

actors? Is the data shared? If yes/no, why so?  

 Do you perceive that there is some actor missing in the network? 
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Appendix C: Complementary case interview questions 

Background 

 When the company has established?  

 What’s your role in the company?  

 What’s the company’s business area?  

 How many employees the company has?  

 

Value proposition 

 What is the company’s business idea?  

 For what need the company’s business idea is based on?  

 Who are the customers?  

 What kind of technology the company utilizes?  

 Does the company also develop own technology?  

 

Screening & signaling 

 In what principle the company offers services, are there service 

agreements?  

 What kind of service agreements the company has? Are there different 

levels for  the agreements?  

 In what way the company collects data about the customers and the 

environment  of the customers?  

 How the company informs the business idea or creates the credibility 

to the customers?  

 

Position in value network 

 What kind of challenges the company has faced in the value of the 

network as a new actor?  

 Who are the company’s toughest competitors?  

 What other business models have been identified in the company’s 

network?  

 

The role of information 

 What kind of role information has in the company’s business model?  

 What kind of information the company collects?  

 Which kind of different file types are identified?  

 Which of these is the most important?  

 Is the information the only source for the competition?  

 What other sources of competitive advantage are identified?   
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Appendix D: Excluded studies in the literature review  

Table 9. List of excluded studies. For the state-of-art literature review, see Subsection 7.5.1. 

 
	    

Study Exclusion criteria 

Chen, Clements-Croome, Hong, Li & Xu, 2006 Discusses building energy consumption 

Hudson & Reynolds, 2012 Discusses floor vibration mitigation 

Kim et al., 2012 Focuses on product design 

Lu et al., 2011 Investigates construction waste generation 

Salman et al., 2014  Focuses on CO2 sequestering 

Segreto, Karam, Simeone, & Teti, 2013 Development of superalloy 

Van den Heede & De Belie, 2012 Search criterion ‘smart materials’ in reference title only 

Wu, Low, Xia, & Zuo, 2014 Study of transparency of CO2 emission rates 
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Appendix E: QUIS14 article  

Presented in  

QUIS14, The 14th International Research Symposium on Service Excellence in 

Management  

Theme: Collaborative Innovations in the Network Environment  

June 18-21, 2015. Shanghai, China. 

 

 

Leveraging big data in industrial service business – from protection 

to sharing and recombining  
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ABSTRACT 

 

Strategy literature has recognized that resource based strategies do not fit well 

on hypercompetitive environments. At the same time service literature 

suggests that customer relationships and big data can provide resource based 

competitive advantage – in connection with rapid pace of technological 

development.  To investigate this dissent, we performed an empirical case 

study among new ventures in the manufacturing sector. Our findings indicate 

that novel strategies rely on information sharing, collaboration, and capability-

driven combinatory innovation – in contrast to resource possession and 

protection, which are apparent in many servitization studies. 

 

KEYWORDS: servitization, industrial services, big data, resource-based view, 

strategy 

 

INTRODUCTION 

 

The increasing availability of technologies used for sensoring and remote 

monitoring has resulted in a major improvement in data availability, leading 

to interesting discussions around the internet-of-things (IoT) (e.g., Atzori et 

al., 2010; Miorandi et al., 2012) and big data (e.g., McAfee and Brynjolfsson, 

2012). With regard to utilizing data among “servitizing” manufacturers 

(Vandermerwe and Rada, 1989), the research efforts seem to focus on the 

possession of information and the possible value creation basis of the data 

owned by a single actor controlling supply chains (e.g., Matthyssens et al., 

2013; Ulaga and Reinartz, 2011). The discussion suggests that companies 

should try to assess the value and further control and protect the data as a 

technology-related resource. 

 

In this study, we theoretically compare the big-data-related implications. 

Strategists have already agreed for some time that most of the industries have 



Appendices 

 126	  

entered a “hypercompetitive state” (Thomas, 1996), in which a sustainable 

competitive advantage is extremely hard to protect (D’Aveni, 2010; 

Eisenhardt, 1989). Our literature analysis provides us with a theoretical 

contradiction; whereas the majority of servitization literature argues that 

increasing information forms a resource-based competitive advantage, at the 

same time strategy literature states that resource protection is a weak strategy 

in hypercompetitive environments. Our analysis suggests that the servitization 

literature has not recognized possibility of the hypercompetitive shift of the 

industries and therefore relies on strategic models that do not necessarily fit 

the altered environment.  

 

There have been anecdotal attempts in the servitization discourse to challenge 

resource protection strategies (e.g., Agarwal and Selen, 2009; Kowalkowski et 

al., 2012). In this study, we aim to expand these discussions by empirically 

assessing the emergence of data-protection-related phenomena in the 

servitization context. In order to avoid the biases that result from possible 

path dependencies caused by sunk costs and investments in existing resources, 

our empirical study is performed in the context of new ventures – with 

organizations deploying strategies that incumbent manufacturers are missing. 

 

The results challenge the discussion on competitive advantage in the 

servitization research and suggest that instead of focusing on data possession, 

companies should consider: 1) developing capabilities by using the data; 2) 

combining different and novel sources of data; and 3) leveraging the potential 

of data as a currency in value-based exchanges between different actors in the 

industry. Our results imply potential new sources of capability building, and 

thereby competitive advantage, connected to the social or technological blind 

spots in industrial networks. We define these as spaces of interconnection in 

which companies that could possibly benefit from sharing their information 

are not connected. It appears that combinatory innovations connect different 

sources of data and offer mutual benefits, leading to “shared competitive 

advantage.” 

 

THEORETICAL BACKGROUND 

 

Servitization as a strategy 

 

Many industries have faced the challenge of increasing competition and have 

responded by adopting the practice of servitization (Vandermerwe and Rada 

1988; Wise and Baumgartner 1999). The literature has identified several 

sources of competitive advantage enabled by the service business, yet he 

servitization field seems to agree that although services offer a way to 

differentiate and increase customer orientation, technology forms the core and 

offers the most important strategic resource (e.g., Ulaga and Reinartz, 2011; 

Kim et al., 2010). 
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It has been discussed that increasing the information intensity of the products 

and the collection of product usage and customer information can further 

leverage the core technology (e.g. McAfee and Brynjolfsson, 2012). Service 

orientation has enabled the movement toward a customer interface and the 

downstream position. This has given companies rich access to different kinds 

of information and companies have learned to exploit this resource effectively 

by utilizing information gathered from: 1) the installed base (Ala-Risku, 2009; 

Ulaga and Reinartz, 2011); 2) solution-oriented customer relationships 

(Nordin and Kowalkowski 2010; Windahl and Lakemond, 2006); and 3) 

relational processes (Tuli et al., 2007). Most of this discussion is held under 

the label of “big data” (McAfee and Brynjolfsson, 2011). 

 

Traditionally, manufacturers have more or less had exclusive access to the 

information, as data on products and their usage was collected manually 

through field service personnel, sales, or with specialized and proprietary 

information systems. Thus, the protection of technology-related resources has 

naturally been an attractive mode of operation (e.g., Ulaga and Reinartz, 

2011). Recently, however, technological innovations, for example, sensoring 

technology, have challenged the setting as data can now be easily collected, 

combined, and analyzed for multiple purposes (e.g., Atzori et al., 2010; 

Miorandi et al., 2012). Concepts such as the “Industrial Internet” (Evans and 

Annunziata 2012) are predicted to enhance the integration of physical 

machinery even further. 

 

To conclude, a great deal of the discussion also among service scholars 

revolves around big data, and the possession and protection of information as 

a resource-enabling competitive advantage. However, it seems there is a gap in 

analyzing how disruptive technology in data collection and sharing possibly 

affects the competitive dynamics and strategic fit.  

 

The protection of technology-based resources in strategy literature 

 

Markets can be defined as static when competition takes technology as a given, 

thereby forcing firms to compete on price and costs (Thomas, 1996) or as 

dynamic when competition changes technology at various points of the value 

chain, forcing firms to compete in completely new ways (ibid.). 

Hypercompetition (Brown and Eisenhardt, 1997; D’Aveni, 2010; Thomas, 

1996) refers to a situation where competition rapidly escalates and creates a 

demand for frequent and dynamic movements by the market players to create 

a condition of constant disequilibrium and change (D’Aveni, 1994). Market 

stability is threatened by short product life cycles, short product design cycles, 

new technologies, frequent entry by unexpected outsiders, the repositioning of 

incumbents, and radical redefinitions of market boundaries as diverse 

industries merge (D’Aveni, 1994).  
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The sustainability of the competitive advantage gained via technology-based 

resource protection is challenging in hypercompetitive environments 

(Eisenhardt and Martin 2000; Thomas, 1996). Instead, in hypercompetitive 

situations, the ability to change continuously is a core capability of successful 

firms (Brown and Eisenhardt, 1997). As a consequence of these competitive 

changes, the strategic focus of firms shifted from the careful exploitation of 

given, highly durable strategic assets to the steady creation of many new, 

rapidly depreciable ones (Thomas, 1996). The continuous change can best be 

achieved by relying on a wide variety of low-cost probes into the future, 

including experimental products, futurists, and strategic alliances. Neither 

planning nor reacting has proved to be as effective (Brown and Eisenhardt, 

1997).  

 

The theoretical paradox between servitization and strategy streams 

 

Driven by the discussion summarized above, there seems to be a conflict 

between the servitization and strategy literature. The majority of the 

servitization research doesn’t seem to recognize the possibility of essential 

market change in many of the servitizing industries, leading to 

hypercompetition. Thus, most of the contributions still continue to perceive 

services and related information (big data) from the “resource-based” 

perspective, trying to find models to sustain the competitive advantage 

through resource protection. However, as the strategy scholars have argued, 

more flexible strategies and respective organizational forms seem to be a 

better fit for environments characterized by rapid and dynamic change. This 

dissonance and gap in the body of servitization knowledge motivates our 

empirical research, with the research question being as follows: 

 

How do new ventures in the industrial service business see the role of 

information with regard to gaining and sustaining competitive advantage? 

 

METHOD 

 

To investigate the role of information in terms of competitive advantage, we 

decided to conduct a multiple-case study (Eisenhardt, 1989). The approach 

has proven to be effective in unexplored and original research problems, as it 

allows researchers to discover and theorize phenomena that are conceptually 

vague (Eisenhardt, 1989). To improve the external validity of the results we 

aimed for large amount of cases (Eisenhardt, 1989). 

 

Adopting the systematic approach (Eisenhardt, 1989), we searched for 

networked industrial solution businesses that would: (a) provide ICT-driven, 

information-intensive industrial services; (b) not have a long history in goods 

manufacturing (in order to avoid path-dependency biases); as well as (c) 

represent different service offerings and business models (to enable 

comparisons of different situations and hence gain rich data on contextual 
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factors). This theoretical sampling (Glaser & Strauss, 1967) resulted in six 

different cases to analyze. The companies in the study operate in the fields of 

electricity control, building system maintenance, data acquisition and 

integration, air handling and heat recovery systems, security solutions, energy 

efficiency solutions, and user interfaces.  

 

The data were gathered in two stages. First, marketing materials, reports, and 

white papers were analyzed. Then, the CEOs and CTOs of the chosen cases 

were interviewed. The interviews lasted approximately 30 minutes, and were 

tape-recorded and transcribed. We followed a semi-structured interview 

protocol (Patton, 1990) as our aim was to build a theory, not merely test 

theoretical assumptions. The interview structure included questions on: 1) the 

role of information in the company’s business; 2) what information is collected 

and processed; 3) the role of information with regard to gaining and sustaining 

a competitive advantage; 4) other sources of competitive advantage; and 5) 

how the information-related resources are protected. 

 

The analysis and interpretation of the data proceeded as recommended by 

Miles and Huberman (1984). First, we conducted a within-case analysis and 

performed the analysis by “drawing and verifying conclusions about a single 

site” (Miles and Huberman, 1984, p. 79). Hence, each company was first 

investigated in detail, in order to distinguish the company-specific 

characteristics. Second, we performed a cross-case analysis wherein the 

findings of each embedded case were interpreted in conjunction to each other. 

This step was useful in increasing the generalizability of the study as well as for 

pattern identification. We conducted both stages of analysis after the data 

collection, since the analysis is most useful when a complete database has been 

collected (Miles and Huberman, 1984). Follow-up discussions were held with 

the case companies to verify the findings. 

 

FINDINGS 

 

Our study produced six main findings. First, it appears that the new ventures 

do not perceive exclusive access to data as a source of competitive advantage. 

Instead, the service suppliers are striving for higher volumes of data, even if 

that means abandoning the sole rights to access. Additionally, the data is 

unanimously viewed as the customer’s property and the service providers have 

no aims to challenge this ownership position. On the other hand, it appears 

that customers are willing to share the data they possess, in extensive 

amounts, in order to obtain service that helps them to address their own lack 

of capability regarding data utilization. This opens up interesting avenues 

related to the exchange relationship between the parties; the service providers 

are benefiting a lot from the data sharing in terms of capability development, 

which then builds competitive advantage. This seems to especially be the case 

when the service providers are able to form novel combinations of diverse 

sources of data.  
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Finding 1: Mere exclusive access to data is not perceived as a source of 

competitive advantage 

 

The case companies do not perceive possession of data, as well as exclusive 

access to data related to technological resources, as a source of competitive 

advantage. Companies A, B, and F directly state that the raw information only 

provides them the necessities of service provision, and merely enables the 

existence of the market in which they can operate. In terms of differentiation, 

data access has no role. On the other hand, company F stated that it is 

impossible to exclusively control the data because of the diversity of different 

technological systems in the market. This makes proprietary access interfaces 

a non-favorable option, and thereby inhibits the possibilities to leverage the 

data monopoly as a source of competitive advantage. 

 

Finding 2: Companies prefer data volume to exclusive access 

 

The case companies agree that the volume of data they can access is highly 

relevant to their business. In more detail, company A stated that the more data 

it has, the more it can do business; B accompanied this opinion by arguing that 

the amount of data defines the size of the market in which it can 

operate. Drawing from all cases, it can be observed that the companies are 

willing to “trade" exclusive access for higher volume: for example, company G 

specifically states that in some cases, it gives data away freely in order to 

encourage the necessary volume.  

 

Finding 3: The customer’s data ownership is not challenged 

 

The companies do not question the customer’s strong role with regard to the 

possession of data on its technological resources. In more detail, companies D 

and F emphasize that although they can and will perform data gathering, they 

are only interested in providing insights based on the data. Gaining ownership 

of the data is not the aim. Company B and E state that they are not even 

interested in data collection and leave the task to other parties. Furthermore, 

according to B and E, the service provider’s role is, along with insight building, 

to provide the infrastructure through which many diverse actors can share 

data and connect to each other. 

 

Finding 4: Customers lack knowledge to gain insights from data, so they share 

the data with suppliers 

 

From the perspective of our third finding, the data ownership issue is shown in 

a more detailed light. According to the case companies, their customers lack 

the capability to fully leverage the data they have gathered: therefore, the data 

is shared with suppliers. The case companies agree that because customers 

need the advice and insights that suppliers provide, customers voluntarily 
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grant suppliers access to the information resources. The amount of shared 

data can be extensive, as emphasized by company E. The companies are not 

necessarily aiming to create lock-ins with the data that they share. For 

example, company D stresses that it wants to keep data utilization as 

unopportunistic as possible, emphasizing the customer’s free will to share. 

 

Finding 5: Service providers develop their capabilities with shared data 

 

Neither exclusive access to data nor ownership of data was relevant for the 

case companies. However, the data that customers shared with service 

providers enabled them to further develop their internal capabilities. As 

company D stated, the method it applied to process shared data and the 

service provision was to continuously “learn by doing.” Furthermore, company 

C has used data, as well as feedback regarding its service offering, to develop a 

special kind of analytics tool, which again helped it to further and recursively 

leverage data. To conclude, the target of the case companies seems to be to 

leverage the data they are granted access to in order to acquire business 

intelligence and a sense of the “bigger picture.” 

 

Finding 6: The service providers enhance capability building by combining 

diverse sources of data in novel ways 

 

Finally, it appears that one of the key factors enhancing service suppliers’ 

capability building is that the companies can, in some cases, combine diverse 

data sources in novel ways. In particular, company G argued that this 

enhances capability development. Company E supports this notion, by trying 

to integrate all kinds of data into one system and then create high-value 

business intelligence and unique offerings. Furthermore, company D sees 

combinatory and complementary offerings as beneficial in terms of 

competitive differentiation. 

 

 

CONCLUDING DISCUSSION 

 

We found a theoretical paradox in the servitization literature. Scholars argue 

that services provide a channel to gain resource-based competitive advantage. 

Yet, at the same time, strategy literature has recognized that resource-based 

strategies do not seem to be a good fit for hypercompetitive environments. To 

further elaborate on this contradiction and find alternative strategies that 

would possibly provide a more strategic fit in a hypercompetitive arena, we 

performed an empirical case study of new ventures in the industrial services 

context. 

 

Our findings indicate that novel strategies seem to rely on information sharing 

and collaboration, rather than resource possession, as is apparent in many of 

the servitizing companies. This finding supports the strategic argument that 
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strategic alliances create better chances of success than planning and reacting 

to competition (Brown and Eisenhardt, 1997). In hypercompetitive 

environments strategies based on differentiation or quality are not 

recommended because these approaches usually lead to price wars (D’Aveni, 

1994). Advantages based on entry barriers (data protection, in our context) 

don’t seem to pay off, either, as newcomers usually have more defined niches 

of operation due to their smartly defined size and footprint (Ilinitch et al., 

1994), as well as their flexible organizational structures and processes as it was 

with our cases. 

 

Based on our case analysis, we suggest that agile alliancing and partnering for 

service design and delivery is a well-argued strategy in the context of industrial 

services. In practice, this can be achieved by prioritizing data volume over 

exclusivity, leveraging information for capability development, and using 

information sharing as a “currency” in value-based exchanges. Combining data 

from many sources and many actors, as well as providing infrastructure that 

facilitates the formation of these connections and combinatory innovations, 

can further enhance capability development. Furthermore, unique capabilities 

ultimately seem to provide a competitive advantage – not exclusive access to 

data. 

 

Our cases show that by sharing data and information, the new ventures (and 

also customers) seem to be giving away one of their resource-based 

advantages. This is, of course, controversial for industrial organizations, as 

resource protection has created a sustainable competitive advantage in the 

past. However, according to the literature on strategic fit in hypercompetitive 

environments, “eating their own lunch before someone else does” has proved 

to provide better outcomes (Vault and Vandenbosch, 1996; Craig, 1996) than 

protection. This means that in order to gain a sustainable competitive position, 

companies need to build several temporal competitive advantages and 

sometimes this requires sacrificing a current competitive advantage. In a 

services setting, this would mean that companies would need to, for example, 

lower their product prices in order to obtain a wider customer base to offer 

services to and “give away” some resources that have comprised a competitive 

advantage in the past.  

 

Finally, the increased sharing and leveraging of resources from multiple actors 

seems to raise a need for flexible and dynamic organizational structures 

supporting continuous change and innovation (Galunic and Eisenhardt, 2001). 

One of these structures seems to be labeled a “platform,” where a technological 

core forms a structure that allows for better connectivity and a way to 

orchestrate actors and resources (Kim and Kogut, 1996). The manner in which 

modes of operation could be applied in an industrial setting has yet to be seen; 

however, our cases demonstrate strong signs of those modes in action. We 

encourage further research in this arena to clarify organizational resistance to 

altering incumbent organizations in order to change their structures from 
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protecting to sharing, from reflecting low-paced movement to constant 

change, and from prioritizing resource possession to resource exchange.   
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