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“It is often necessary to take a decision on the basis of knowledge sufficient for action, 
but insufficient to satisfy the intellect.” 

 
Attributed to Immanuel Kant  
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Abstract 
 
Internet of things (IoT) and smart home are two popular subjects on which both the expectations and 
uncertainties are high. Regarding the smart home niche in Sweden, the market is not thriving in spite 
of the continuous development in technology. There is a deficiency on direct input from the actors in 
IoT and smart home ecosystems in the literature, which creates a gap between academia and 
practices in the field. The focus of this MSc thesis is to bridge this gap with the aim of exploring the 
emergence of IoT ecosystem, smart home ecosystem and the smart home niche in Sweden, in terms 
of actors’ involvement, visions and expected benefits, by using the lens of ecosystem and strategic 
niche management perspectives. A comprehensive literature review and two in-depth workshops are 
conducted involving various actors. After synthesizing the results, the conclusions are: neither the 
values in IoT and smart home ecosystems nor how the value networks are being shaped is clear for 
most of the actors; hence, they are reluctant to take initiative. End-users’ views on ‘smart home’ alter 
from one to another; yet, they all need to see smart home solutions meeting with their immediate 
needs. Today, the smart home niche in Sweden is slowly raising from the ashes of the late 1990s 
failed attempts, and it is mainly driven by different actors’ involvement in state-funded projects. 
 
Keywords: Internet of things, smart home, ecosystem, smart home niche, strategic niche 
management, Sweden.  
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Sammanfattning 
 
Sakernas internet (internet of things – IoT) och smarta hem är två växande ämnen där det både finns 
höga förväntningar och stor osäkerhet. Trots den tekniska utvecklingen på marknaden verkar denna 
nisch inte växa i Sverige. Bristen på direkt input från aktörer inom IoT och smarta hem i litteraturen 
skapar ett gap mellan akademin och praxis i detta område. Detta examensarbete fokuserar på att 
överbrygga denna klyfta i syfte att utforska framväxten av IoT-ekosystem, smarta hem-ekosystem 
och den smarta hemnischen i Sverige, när det gäller aktörers engagemang, vision och förväntade 
fördelar, genom att använda en ekosystemlins och strategiska nischhanteringsperspektiv. En 
omfattande litteratgenomgång och två fördjupade workshops har genomförts med olika aktörer. 
Efter att ha sammanställt resultaten är slutsatserna: varken värdena för IoT och smarta hem-
ekosystem eller hur värdenätverket utformas är klart för de flesta aktörer, och därför är de motvilliga 
att ta initiativ. Konsumenternas bild av ”smarta hem” varierar, men trots det behöver de se smarta 
hemprodukter och tjänster som kan möta deras omedelbara behov. I nuläget växter nischen för 
smarta hem i Sverige långsamt ur askan från det sena 1990-talets misslyckade försök, och den 
drivande kraften är framförallt olika aktörers deltagande i statligt finansierade projekt.  
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1. INTRODUCTION 
 
This chapter starts with the background of this study and continues with the problem statement and 
research questions. Afterwards, the aim and objectives, the scope and the contribution of this study 
are presented, and lastly, the outline of this thesis report is stated. 
 

1.1 Background 
 
The emergence of Internet of Things (IoT) and smart home has been enabled by the continuous 
growth of interconnected devices in daily life and these concepts have drawn attention from both 
academia and practitioners especially in the last decade (Rong et al., 2015; Smirek et al., 2016).  
 
The concept of a network of smart devices started to be considered back in 1982 when a Coke 
machine at Carnegie Mellon University’s Computer Science Department was modified to inform the 
user about whether newly loaded drinks were cold and to report its inventory (Carnegie Mellon 
University Computer Science Department, 1998). Although there is still no standard definition for IoT 
(Whitmore et al., 2015; Rong et al., 2015), the core concept of IoT may be defined as “everyday 
objects can be equipped with identifying, sensing, networking and processing capabilities that will 
allow them to communicate with one another and with other devices and services over the Internet 
to achieve some useful objective.” (Whitmore et al., 2015). 
 
The term “Internet of Things” appeared in the hype cycle for emerging technologies firstly in 2011 
(Gartner, 2011). In the following years, it climbed on and reached to the peak of the curve in 2014 
(Gartner, 2012; Gartner, 2013; Gartner, 2014). Today, IoT is going through a phase of rapid growth 
(Dijkman et al., 2015) and IoT technologies have wide applicability in many areas including industrial 
automation, environmental monitoring, traffic management, healthcare, security, surveillance, home 
automation, etc. (Miorandi et al., 2012; White et al., 2017). According to Manyika et al. (2015), there 
are already more than 9 billion connected devices all around the world and this number is projected 
to be between 25 billion and 50 billion by 2025. Besides, the potential economic benefit of IoT 
applications was globally in the range of $300 billion to $900 billion for 2015 in total and that is 
estimated to be between $3.9 and $11 trillion in 2025 (Manyika et al., 2015). However, in what ratio 
this potential will be realized is a debatable issue due to some challenges, as Westerlund (2014) 
emphasizes, such as seizing the opportunities might require both collaboration of companies which 
has not done any business before and having a growth mindset to shift from traditional “firm-focused 
business models” to “ecosystem business models”. 
 
There are a number of large-scale initiatives which are active on IoT in the US, in Europe, in China, in  
Japan and other countries (Miorandi et al., 2012). Among them, the European Commission has been 
putting a big effort to develop a successful IoT ecosystem such as founding IoT European Research 
Cluster (Vermesan & Friess, 2013). EU’s vision of IoT for 2020 involves the projection that 6 billion IoT 
devices -spread across the EU 28- will be generating more than 1.8 billion Euro of revenue. As one of 
the leading countries in ICT sector in Europe, Sweden declared a national agenda for IoT in which it 
is stated that the country has the target of being a leading country in the consumer area of IoT and 
the need for IoT systems in Sweden doubles every year (Truvé et al., 2014). 
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One of the areas where IoT products/services create a value is the smart home. According to Hui et 
al. (2016), the story of smart home started in the late 1960s when computer amateurs began 
installing computers for family inventory taking and temperature control (Hui et al., 2016). A 
definition for “smart home” is “a residence equipped with computing and information technology 
which anticipates and responds to the needs of the occupants, working to promote their comfort, 
convenience, security and entertainment through the management of technology within the home 
and connections to the world beyond” (Aldrich, 2003). 
 
Interest in smart home is diverse; healthcare providers see the opportunities for sensor networks 
connected to smart devices which will enable people with a chronic disease or elderly to stay in their 
homes longer and lead a decrease in cost of the healthcare domain; security providers see distant 
surveillance, control and safety equipment as options for new businesses; telecom, media and cable 
companies see opportunities for the home to become an entertainment center; and energy providers 
value IoT-enabled smart energy management (Solaimani et al., 2010; Solaimani et al., 2013). It is 
argued that the smart home market had worth of $14 billion globally in 2015 and it is expected to 
surpass $50 billion by 2020 (A.T. Kearney, 2017). 
 
First initiatives related with smart homes started in Sweden in late 1990s with high expectations 
(Sandström, 2009). Although they had a fast start, they could not survive. More than a decade after 
these first attempts, today smart home niche in Sweden is being shaped by mainly involvement of 
different actors in the related projects funded by governmental agencies like the Swedish Innovation 
Agency, namely Vinnova. 
 
Although the technological base for IoT and smart home concepts seems to be established (Whitmore 
et al., 2015; Moser et al., 2014) and the expectations are high (Smirek et al., 2016; Ardito et al., 2017); 
a wide-spread adoption has not yet taken place (Hui et al., 2016; Smirek et al., 2016) and the market 
is still not thriving unlike the expectations. Greichen stated in 1992 that the emergence of smart home 
market was projected to be “just around the corner” (Greichen, 1992). After passing another two 
decades from this assumption, smart home adoption is still at its infancy (Hui et al., 2016) and the 
realization of IoT is still in its initial stage (Ardito et al., 2017). 
 
A reason for wide-spread adoption’s lagging behind the expectations is that IoT applications not only 
connect a specific industrial system or supply chain, but also various stakeholders and this may lead 
to more complicated supply chains with many actors and complex interactions (Rong et al., 2015). As 
an area for deployment of IoT applications, this statement also apply to smart home. Therefore, this 
study evaluates both IoT and smart home with “ecosystem” and “strategic niche management” 
(SNM) perspectives rather than supply chain. A business ecosystem is an independent community 
involving various industrial actors, competitors, customers, government agencies, industry 
associations  (Moore 1993; Iansiti & Levien 2004), complementary innovators (Li & Garnsey 2014) 
who mutually benefit from each other and face similar outcomes, as well as their interactions (Moore, 
1993) so that it goes beyond the conventional value chain (Rong et al., 2017) and provides a broader 
view of cross-industry collaboration instead of only collaborations between directly linked partners 
in a supply chain (Rong et al., 2013). This famous metaphor has been a visionary way to illustrate how 
the logic of creating value would change in a connected world (Cibat et al., 2017). Besides, the 
uncertainties that the actors in IoT and smart home ecosystems face may be absorbed via 
experimentation (Williamson & De Meyer, 2012) within SNM perspective. 
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In the literature, currently, there is very limited research on IoT and smart home ecosystems (Aldrich, 
2003; Rong et al., 2015) and the related literature is dominated by research on technical possibilities 
of IoT and smart home (Aldrich, 2003; Chan et al., 2008; Solaimani, Keijzer-Broers, et al., 2013; 
Whitmore et al., 2015). The research community active on IoT and smart home approached to these 
themes in a highly fragmented way, and, to a large extent, focused around single application domains 
(Miorandi et al., 2012) such as; technological aspects (Gubbi et al., 2013; Solaimani et al., 2013; Hui 
et al., 2016), health care (Chan et al., 2008; Turcu & Turcu, 2013), energy management (Javaid et al., 
2013) logistic service (Karakostas, 2013), surveillance (Miorandi et al., 2012), social networking (Atzori 
et al., 2012), security and privacy (Roman et al., 2013; Kothmayr et al., 2013), etc. Since the previous 
research has only addressed a part of the IoT ecosystem, the need to approach to IoT ecosystem as 
whole remains (Rong et al., 2015). Additionally, the fact that smart home concepts have not been 
commercially exploited makes it clear that there must be strategic, financial and organizational issues 
requiring further attention (Solaimani et al., 2013) and that emphasizes the need for studies to cover 
all these aspects with a holistic approach via employing ecosystem and SNM perspectives. 
 

1.2 Problem Formulation and Research Questions 
 
IoT ecosystem, smart home ecosystem and smart home niche in Sweden are currently emerging and 
in order to comprehend them properly, it is significant to evaluate views of different actors. In the 
literature, there is a deficiency of qualitative research in terms of providing direct input from the 
actors and that creates a gap between academia and practices in the field. Using the lens of 
ecosystem and SNM perspectives, this study focuses on bridging this gap with a qualitative research 
to address the research questions which are; 
- What is the prevalent status of the IoT ecosystem concerning the expectations from IoT 

applications, realization of IoT’s potential, and actors’ motivations? 

- What is the current state the smart home ecosystem regarding the expectations from smart home 
applications, realization of smart home’s potential and actors’ motivations? 

- What are end-users’ understanding of home and views on smart home? 

- What is the prevalent status in smart home niche in Sweden in terms of actors’ approaches and 
obstacles preventing smart home niche in Sweden to thrive? 
 

1.3 Aim and Objectives 
 
This study aims at exploring the emergence of IoT ecosystem, smart home ecosystem and smart 
home niche in Sweden in terms of actors’ involvement, vision and expected benefits. In order to reach 
this aim, the following objectives are stated: 
- To provide an understanding of “Internet-of-things” definitions, expectations from IoT 

applications, the prevalent status of IoT ecosystem with a focus on value network and visions, 
and to determine the perceptions of different actors on these subjects 

- To provide an understanding of “smart home” definitions, expectations from smart home 
applications, the current state of smart home ecosystem with a focus on value network and 
visions, and to determine the views of different actors on these subjects 

- To identify end-user’s understanding of home and views on smart home, and to determine the 
perceptions of different actors on this subject 
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- To examine the smart home niche in Sweden with a focus on actors’ involvement in state-funded 
projects and obstacles eliminating the smart home niche in Sweden to thrive, and to determine 
the views of different actors on these subjects 

 

1.4 Scope 
 
Inside the IoT ecosystem, there are several areas where IoT applications offer different values to 
different stakeholders. These areas are mainly; factories, worksites, cities, electricity grids, retail 
environment, vehicles, homes, etc. This study focus on “home” as the intersection of IoT and smart 
home ecosystems so that the remaining application areas of IoT systems are out of scope of this 
study. Additionally, this study is geographically limited by Sweden so that only the actors in IoT and 
smart home ecosystems in Sweden are involved and the smart home niche market in Sweden is 
focused. 
 

1.5 Contribution 
 
This study’s contribution is bridging theoretical knowledge and practical experience regarding IoT and 
smart home ecosystems by combining academic viewpoints regarding different aspects of these 
ecosystems with perceptions of different actors in these ecosystems who have hands-on experience. 
It also provides insights about the prevalent status of smart home niche is Sweden, vision and 
motivation of different actors including governmental organizations, private companies and end-
users. 
 

1.6 Outline of the report 
 
This thesis report consists of six chapters. The first chapter, Introduction, gives the background to the 
study and continues with the problem statement and research questions, the aim and objectives, the 
scope, and the contribution of this study. 
 
In chapter two, Methodology, how the research is designed in this study is presented. Based on that, 
this chapter includes the methods used in conducting the literature review and the workshops. 
 
The third chapter, Results, first the conceptual framework used in this study is described. Then, the 
chapter continues with presenting results from the literature review on IoT and on smart home 
respectively. Lastly, the outcomes from IoT workshop and smart home workshops are presented. 
 
In the fifth chapter, Discussions, the results from literature review and from workshops are discussed 
within the conceptual framework. The chapter starts with discussions on IoT ecosystem and 
continues with smart home ecosystem. 
 
The final chapter, Conclusion and Recommendations, contains the main findings related to each 
research question including recommendations to nurture IoT and smart home ecosystems and unlock 
the potential of the smart home niche in Sweden. Besides, the future work possibilities based on this 
study is presented.  
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2. METHODOLOGY 
 
This chapter presents the research design and the methods used to collect data including conducting 
literature review and workshops. The selection of the methods are critically described. 
 

2.1 Research Design 
 
When a concept or phenomenon needs to be explored and understood since only some research has 
been done on it, a qualitative approach is merited (Creswell 2014). Therefore, in order to contribute 
to the related gap in the literature via exploring the emergence of IoT ecosystem, smart home 
ecosystem and smart home niche in Sweden; this study employs a qualitative approach which, in 
parallel with views of Creswell (2014), involves reviewing the literature, data collection from 
participants, making interpretations of the meaning of the data and comparing it with the existing 
literature on the topic. 
 
In a qualitative research, a theoretical perspective provides an overall orienting lens for the study 
(Creswell, 2014). In this study, a conceptual framework is drawn by using ecosystem and strategic 
niche management perspectives due to the fact that their complementariness provides a holistic 
approach while exploring IoT and smart home via including various aspects such as different actors’ 
expectations, motivations and perceptions regarding IoT and smart home. The conceptual framework 
shaped evaluation of the existing literature, the data collected from participants and synthesis of the 
perspectives in academia and practice in the field. 
 

2.1.1 Literature Review 
 
In order to provide an understanding of IoT and smart home definitions, expectations and visions of 
governmental institutions, and to determine different views in academia regarding IoT and smart 
home ecosystems; a comprehensive literature review is conducted via integrating what others have 
done with a critical approach (Cooper & Hedges, 2009).  
 
To access the academic literature such as books, journals, peer-reviewed papers, conference papers, 
articles from academic publishers, universities, professional societies and other scholarly 
organizations, Google Scholar is mainly used as the search engine since it provides a broad search for 
literature across many disciplines and sources (Creswell, 2014). On the other hand, in order to reach 
the grey literature which includes non-commercial sources that organizations such as research 
institutes, think tanks and governmental authorities produce (Shannon, 2016), Google is mainly used 
as the search engine. 
 
In this study, in order to find the relevant literature, keyword search, i.e. querying of quality scholarly 
databases by using a specific word or word group when attempting to find relevant literature (Levy 
& Ellis, 2006), is conducted in the search engines mentioned above as an initial step. The keywords 
used for the literature search, which are combined in various ways, include “internet of things”, 
“smart home”, “definition”, “expectations”, “ecosystem”, “Sweden”, “Europe”, “visions”, “project” 
and “strategic niche management”. 
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After the results are listed for each keyword search, in order to identify the most relevant literature, 
results are first filtered by title and then by abstract via applying the selection criteria. The selection 
criteria is mainly based on the concepts focused in the literature since an effective and quality 
literature review is one which is based on a concept-centric approach rather than author-centric or 
chronological approach (Webster & Watson, 2002).  
 
Another element in the selection criteria was the source of the literature. In order to include views of 
different actors for the same concepts; not only the academic publications but also reports released 
by governmental institutions and private enterprises are taken into account. When it comes to the 
papers published by private enterprises, only the ones, publications of which are already used as a 
reference in academia are considered.  
 
The last element in the selection criteria was the transparency of the literature. While evaluating the 
literature that came as a result of searching certain keywords, the transparency of the study is given 
importance. These questions used to filter the literature based on the transparency are: “Are the 
reasons leading to the deliverables clear?” and “Are the references given in detail, and are they 
accessible and compatible?”. 
 
After applying the selection criteria, the filtered literature are examined in detail. Whenever there is 
an interesting and relevant information which is not given with enough details but referring to 
another literature, that referred  literature is also investigated in order to reach the real source of the 
knowledge to find more insights. This approach is called as ‘backward reference search’ which enables 
the researcher to extend his or her knowledge even deeper on the phenomenon under study (Levy 
& Ellis, 2006). This method was found very helpful in two ways: 
- Not to miss some literature which were not listed in the keyword research 
- To include valuable information especially when the number of the relevant results of the 

keyword search are limited. 
 

2.1.2 Conducting Workshops 
 
In this study, bridging the gap between academia and practices in the field is targetted. As serving for 
that, in order to determine perceptions of different actors in IoT and smart home ecosystems 
regarding their expectations from IoT and smart home applications, their visions, motivations and 
understanding of the value networks in these two ecosystems respectively; data collection from 
different actors is required. Among four data collection types in a qualitative research -namely, 
observations, interviews, documents, audio-visual materials (Creswell, 2014)-, observation is 
selected in ‘participatory workshop’ form which facilitates different participants to identify, 
categorize and analyze the subjects (Schut et al., 2015). 
 
There are main reasons for employing participatory workshop method in this study. First, this method 
has the advantage of enabling the researcher to have a first-hand interaction with the participants 
(Creswell, 2014). Secondly, in order to determine views of different actors on value network, visions 
and other aspects in IoT and smart home ecosystems; it is important to bring the actors together and 
encourage them to share, first, their perspectives on these subjects and later, their reflections on 
other actors’ view. Thirdly, unlike other data collection types, workshops gives opportunity to the 
researcher to facilitate open discussions during which participants can provide valuable data which 
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are targeted not by the researcher’s questions but by other participants’ questions. Although, 
comparing with other data collection methods, workshops have the risk that the discussions among 
participants may go out of the track towards the aim of the workshop, this risk is minimized by 
applying the approach of Schut et al. (2015) who proposes to limit the number of the participants by 
25 to keep the workshop manageable and to stimulate interaction and debate in an effective way. 
 
During the workshops conducted within this study, the researcher’s role was ‘participant as observer’ 
in order to get the views of the participants in the first place (Creswell, 2014), ask for clarifications 
when necessary, ensure that discussions are on track and encouraging involvement of all participants. 
 
The workshops conducted within this study satisfy the criteria: 
- Subject: IoT and smart home are focused in different workshops respectively in order to evaluate 

them first independent from each other and then to analyze, compare and relate the outcomes. 
 

- Questions: Open questions are asked so that participants are not limited to express themselves 
with predefined options. 
 

- Diversity: Different actors from industry, institutions, academia, etc. are involved in the 
workshops to encapsulate the needs, values, priorities and viewpoints of different stakeholders. 

 
- Division into groups: In the first workshop which is related to IoT, the participants are grouped 

based on the sector that they are representing in order to gain understanding of IoT in different 
sectors and compare how different sectors evaluate emergence of IoT. In the second workshop 
which is based on smart home, the participants are divided to several homogenized groups based 
on their background so that the actors could discuss their perspectives with other actors during 
internal group discussions. 

 
- Outline and duration: The workshops consist of four sections- and each workshop last for 

approximately three hours. The first section starts with introducing the motivation behind the 
workshop and outline of the workshop to participants. Then, it continues with participants’ briefly 
introducing themselves while sitting on round tables in order to create a horizontal atmosphere 
to encourage everyone equally to express his/her ideas and feelings during the workshop. In the 
second section, the participants are given the question and asked to have discussions based on 
that question inside their group for thirty minutes. Afterwards, a spokesman from each group 
share the main findings of their discussion with others groups for five minutes. Then, a fifteen-
minute open discussion is facilitated so that the participants could reflect on views of each other. 
After a break, third section starts and follows the same procedure as the second section with a 
different question. Finally, in the fourth section, the workshop is concluded by emphasizing the 
main findings and showing gratitude to the participants for their contribution. 

 
IoT Workshop 
 
This workshop is conducted as a part of the event “ElectriCITY Day” within “ElectriCITY” platform 
which is a Stockholm-based citizen-driven innovation platform involving member and partners from 
industry, research institutes and “City” organizations as a part of the action Hammarby Sjöstad 2020  
(Electricty Innovation, 2017). Having the motto “to renew a new city”, the platform aims to develop 
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Hammarby Sjöstad as a demonstration place for sustainable urban development with focus on 
energy, IT, electric vehicles and recycling; an urbanliving lab; and a test platform in line with 
ecosystem and strategic niche management perspectives. 
 
In this workshop, participants are divided into several groups according to their backgrounds, namely 
energy, sustainable transportation and circular economy (the division and the participants can be 
found in appendix II).  
 
After the introduction section, the groups are asked to reflect to the question: “How can IoT be used 
/ gotten benefit from?” so that the outcomes could serve to determine perceptions of different actors 
regarding understanding of IoT, expectations from IoT applications and visions. In the second part, 
groups are asked to reflect to the question: “How can IoT strengthen Hammarby Sjöstad 2.0 as a 
demo city and test platform?” so that the outcomes could serve to determine perceptions of different 
actors regarding in which terms IoT systems can foster the test beds which play a significant role in 
the emergence of IoT ecosystem. In these test platforms actors from not only IoT ecosystem but also 
from other ecosystems such as smart home are enabled to test their products/services in parallel 
with strategic niche management perspective and discover the value network in their ecosystem. 
 
Smart Home Workshop 
 
As a part “Active House Project” held in Hammarby Sjöstad, this workshop is conducted to determine 
perceptions of different actors on the meaning of “smart home”, expectations from smart home 
applications, the value network in smart home ecosystem and end-user’s understanding of “smart 
home”, and to find out their visions in their involvement in state-funded projects and obstacles 
blocking the smart home niche in Sweden to thrive. 
 
The participants are divided into three groups (the division and the participants may be found in 
appendix II) according to their backgrounds so that each group includes of participants representing 
different actors in the smart home ecosystem. Two schemes regarding actor network and actor 
specialties in smart home ecosystem respectively (see Appendix III) are shared with the groups, and 
they are asked to have internal discussions based on the questions that are: 
- Mapping of actor network - dentify the actors in the emerging smart home ecosystem: 

 What are the actors’ specializations and how do these specializations complement each other 
in the project? 

 Additional actors (that are missing in this scheme but could be important part of the 
ecosystem now or in the future) and where should you place yourself? 

- Value flows and feedback loops - how is value created and transferred between actors? 

 What type of emerging new actors, or current actors, are needed? 

 Links between builders and ICT/technology companies? Competitors or synergies? 
- Drivers, barriers and expectations: 

 What factors are driving the stakeholders’ interest in IoT Smart Home solution? 

 What are the barriers? 

 What are the expectations of IoT Smart Home solutions in the short and long term? In terms 
of novel products and services, industry standards and ways of operating, market growth? 
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3. RESULTS 
 
This chapter starts with describing the conceptual framework used in this study. Then, it continues 
with presenting results from the literature review on IoT and on smart home respectively. Finally, the 
main outcomes from IoT workshop and smart home workshop are presented in different sections in 
parallel with the objectives of this study. 
 

3.1 Conceptual Framework 
 
IoT-based businesses are more than just a supply network; it is a much more complex network 
consisting of different stakeholders who can contribute to business and co-evolution (Rong et al., 
2015) so that traditional supply-chain approach is not appropriate while examining IoT and smart 
home ecosystems. Seizing the opportunities coming with IoT and smart home may require 
collaboration of different actors which might not be connected with each other in traditional value 
chain approach. On the other hand, a value network addresses the complex structure of the value 
chain (Allee, 2000) and understanding this network is relevant in the business ecosystem concept 
(Adner, 2012). At this point, the fact that the ecosystem construct is differentiated from traditional 
value chain construct by its non-linear aspects due to involving both horizontal and vertical 
relationships between actors (Adner & Kapoor, 2010) underlines the suitability of employing 
ecosystem perspective in this study while targeting to provide a holistic perspective on the 
emergence of IoT and smart home. 
 
Business ecosystem theories have developed from supply chain theories by embracing the idea of 
uncertainties;  however, it is still an emerging area (Rong et al., 2015). The term “ecosystem” was 
first used by British botanist Arthur Tansley in 1930s to refer to a localized community of living 
organisms that interact with each other and their specific environment of earth, water, air and other 
elements (Danone, 2012). According to Danone (2012), these organisms have an influence on each 
other and on their landscape; they create and share resources, collaborate, compete and co-evolve; 
and they are unavoidably exposed to external disruptions to which they adapt together. In parallel 
with this view, Moore pioneered the business ecosystem approach by stating that; “A business 
ecosystem […] crosses a variety of Industries […], companies coevolve capabilities around a new 
innovation: they work cooperatively and competitively to support new products, satisfy customer 
needs, and eventually incorporate the next round of innovations.” (Moore, 1993). This metaphor has 
been famous by proposing a visionary way to illustrate how the logic of creating value would change 
in a connected world (Cibat et al., 2017) where IoT and smart home are emerging. 
 
A business ecosystem is a dynamic structure consisting of an interconnected population of 
organizations and these organizations may be big enterprises as well as small companies, universities, 
research centers, governmental organizations, and other parties which influence the system 
(Peltoniemi & Vuori, 2004). In the literature, some scholars view business ecosystem as “value-
oriented perspective company networks” (Peltola et al., 2016). However, this approach disregards 
participation of all other actors -such as the ones that Peltoniemi and Vuori mentioned- in the value 
network. On the other hand, companies’ being value-oriented may foster the ecosystem growth only 
if this ambition is realized with value co-creation approach which refers to creating value via 
interaction and combination of the actors (Adner & Kapoor, 2010) towards a shared vision.  
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The main characteristics defining an ecosystem are the value logic, the participant symbiosis and the 
institutional stability  (Thomas & Autio, 2012) which are vital for the creation, development, stability, 
health and sustainability of IoT and smart home ecosystems. According to Thomas and Autio (2012), 
the value logic encapsulates: sources of value, such as innovation, flexibility and efficiency benefits; 
value co-creation which is enabled by the interaction of ecosystem participants in co-production; and 
value appropriation which brings capture of value. The ‘value logic’ characteristic of ecosystem helps 
to realize sources of the value and co-creation among different actors in IoT and smart home 
ecosystems where many solutions offering a value to end-user are co-created by several actors. Since 
all these services must be communicating and compatible with each other, value co-creation is a 
crucial aspect in these ecosystems. Besides, innovation is significant for the growth of these emerging 
ecosystems, and to encourage new sources of innovation, multiple actors may be required to 
coordinate knowledge flows and make necessary resources available (Adner & Kapoor, 2010).  
 
As another characteristic of an ecosystem, the ‘participant symbiosis’ is formed of three elements: 
specialization which enables each actor to supply the best inputs into the ecosystem that they can 
provide; complementariness -the participants are not only heterogeneously specialized but add to 
the value creation via cumulative, synergistic interaction as well-; and co-evolution -as market 
conditions change, the participants need to change in harmony with the changing ecosystem so as to 
continue the collective value creation- (Thomas & Autio, 2012). Determining perspectives of different 
actors with respect to value co-creation and co-evolution plays an important role while exploring IoT 
and smart home ecosystems. On the other hand, while investigating how the actors in these 
ecosystems see each other and themselves in terms of positioning in the ecosystem and trust, the 
elements in the ‘institutional stability’ characteristic of the ecosystem become important. These 
elements are: locus of coordination that is necessary to enable the value creation and value sharing 
for all participants; legitimacy emphasizing trust and commitment as significant components of 
relationship stability; existence of governance mechanisms enabling control and coordination of the 
activities of the participants, and decision-making for a smooth operation (Thomas & Autio, 2012). 
 
In traditional supply chain perspective, customers are viewed as passive buyers with no competitive 
input; yet, it is important to include customers under the scope of ecosystem perspective since their 
role is crucial for sustainability of the ecosystem (Joo & Shin, 2017). Additionally, end-users in smart 
home are increasingly demanding complex, integrated solutions rather than standardized 
products/services which is a challenge for a single, vertically integrated company to meet (Williamson 
& De Meyer, 2012) so that it requires collaborations of different companies and stakeholders. 
Therefore, in order to identify the motivation and role of end-users in smart home ecosystem, it is 
necessary to have ecosystem perspective which includes collaborations of various actors to co-create 
values for end-users. 
 
IoT and smart home actors face with uncertainties and ecosystem perspective in which different 
actors may collaborate flexibly via experimentation may absorb these uncertainties more effectively 
than traditional hierarchies (Williamson & De Meyer, 2012). At this point, niches enable experiments 
as “a ‘space’ or ‘location’ (…) which enables actors to develop and apply an innovation without 
immediate or direct pressure” (Raven et al., 2010). Niches are platforms for interaction and they 
emerge out of a process of interaction shaped by many actors (Kemp et al., 1998). In emerging 
ecosystems like IoT and smart home, development of niche market play an important role for bridging 
the ‘valley of death’ between R&D laboratories and the market, and mass deployment. 
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According to Kemp et al. (1998); niches help demonstrating the viability of new technologies, building 
a constituency behind new technologies, and setting learning processes and institutional adaptations 
-in management and institutional context- which are significant for the further development and 
wider diffusion of the new technologies. In parallel with this view, in this study, the perspectives of 
the actors in smart home ecosystem are investigated in terms of adopting IoT technologies in smart 
home, learning by involving smart home projects and how these affect smart home niche in Sweden. 
 
When it comes to initiation and management of a niche, a perspective mentioned in the literature is 
“Strategic Niche Management” (SNM) which can be defined as "the creation, development and 
controlled phase-out of protected spaces for the development and use of promising technologies by 
means of experimentation, with the aim of learning about the desirability of the new technology and 
enhancing the further development and the rate of application of the new technology." (Kemp et al., 
1998). Actors’ having an effective learning process is important in emerging ecosystems such as smart 
home and currently, involvement of various actors in state-funded related projects in which they can 
experiment their products/services, business models, networking, etc. plays a major role in that. 
 
The SNM perspective suggests that sustainable innovation journeys might be facilitated by founding 
technological niches which allow the experimentation with co-evolution of technology, user practices 
and regulatory structures (Schot & Geels, 2008). Based on these experiments, smart home 
product/service providers can gain practical experience so that through feedback, they can modify 
their value propositions and approach to the market again with an improved version (Sushandoyo & 
Magnusson, 2014). This strategy of conducting iterative experiments aims to reduce uncertainty with 
developing new knowledge and exchanging information (Lynn et al., 1996), and this aspect of SNM 
perspective complements the ecosystem perspective and offers a great value in this study to examine 
smart home niche in Sweden in terms of different actors’ involvement in test platforms. 
 
SNM provides an adequate learning process which is required to increase chances for a successful 
diffusion and to enable adjustments of the innovation  (Raven et al., 2010). SNM perspective is useful 
at shaping different expectations of actors (Huijben & Verbong, 2013), coordinating the interactions 
among actors (Kemp et al., 1998), building of actor networks and learning about problems, needs and 
possibilities which are crucial for the development of the smart home niche in Sweden. 
 
The actors in IoT and smart home are directly connected to each other so that an (in)activity of an 
actor affects the others. Therefore, to explore emergence of IoT and smart home, a holistic approach 
which allows to observe how the needs, values and actions echo inside smart home and IoT is 
required. At this point, ecosystem perspective, which includes all different actors, relations between 
each other and value network, is evaluated as very appropriate to be employed in this study. Since in 
ecosystems effective working relationships may only be developed by experimentation, which is 
crucial before launching high risk initiatives in the open market (Williamson & De Meyer, 2012), SNM 
emerges to articulate the changes in technology and in the institutional framework which is necessary 
for the economic success of the new technology; to learn more about the social desirability of the 
new technology; to build a constituency of companies, researchers, public authorities whose actions 
need to be coordinated for the wider diffusion of the new technology; and to explore options for co-
evolution of technologies (Kemp et al., 1998). Although neither SNM nor ecosystem perspectives 
completely encapsulates all the aspects regarding IoT and smart home alone, employing both are 
found as an effective approach to be used in this study owing to their complementariness. 
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3.2 Literature Review on Internet of Things 
 

3.2.1 Definitions of the term “Internet of Things” and expectations from IoT applications 
 
The concept of a network of smart devices started to be considered back in 1982 when a Coke 
machine at Carnegie Mellon University’s Computer Science Department was modified to inform the 
user about whether newly loaded drinks were cold and to report its inventory (Carnegie Mellon 
University Computer Science Department, 1998). For some, this was the first application of Internet-
connected appliance. Some others consider ATMs which went online back in 1974 as the first IoT 
devices (Marr, 2015). Therefore, the concept behind the IoT has been around for decades; yet, there 
is still no standard definition for IoT (Whitmore et al., 2015; Rong et al., 2015).  
 
In the literature, there are different views regarding the time when the term “Internet of things” used 
for the first time. According to Wood, the term was first coined by Kevin Ashton (who is one of the 
founders of MIT’s Auto ID lab) in 1999 to describe how internet-connected devices would alter our 
lives (Wood, 2015). On the other hand, according to Sharma (2016), the term “IoT” is first 
conceptualized and used by Peter T. Lewis (while giving a speech at the Congressional Black Caucus 
15th Annual Legislative Conference held in September 1985, Washington, D.C.) who stated that; “The 
Internet of Things, or IoT, is the integration of people, processes and technology with connectable 
devices and sensors to enable remote monitoring, status, manipulation and evaluation of trends of 
such devices.”. In this early definition of IoT, Lewis mentions several elements and all are related with 
technological aspects of IoT such as IoT’s integrating people and technology. This approach has kept 
its popularity for decades as some other scholars also accentuated connection built by IoT between 
people and “Things” by stating that “IoT is a vision for a ubiquitous society wherein people and 
“Things” are connected in an immersively networked computing environment.” (Misra et al., 2015). 
 
For some, IoT is already innovation itself; however, Gubbi et al. (2013) point out a bigger innovation 
to be enabled by IoT via defining IoT as “interconnection of sensing and actuating devices providing 
the ability to share information across platforms through a unified framework, developing a common 
operating picture for enabling innovative applications. This is achieved by seamless ubiquitous 
sensing, data analytics and information representation with Cloud computing as the unifying 
framework.”. In their definition, Gubbi et al. (2013) emphasize developing a platform by 
interconnecting “things” to enable innovative applications and how to achieve that. 
 
Independence from human interference and heterogeneity of IoT technology are important aspects 
of IoT technology which are touched upon by Khan et al. (2016) who stated that “IoT is rapidly 
growing network of heterogeneous devices and objects, which are uniquely addressable within the 
network and capable of identifying and sharing information with or without human interaction”. This 
definition points autonomy which means needing less labor work for activities which are currently 
done by humans and that is considered as one of the biggest values of IoT solutions. 
 
One of the recent explanation about IoT comes from Risteska Stojkoska and Trivodaliev: “The Internet 
of Things aims to improve one's comfort and efficiency, by enabling cooperation among smart 
objects.” (Risteska Stojkoska & Trivodaliev, 2016). In their definition, by mentioning comfort, Risteska 
Stojkoska and Trivodaliev employ an end-user centric approach which is generally missing in the 
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definitions of IoT. This approach is important for prospective end-users such as households to see 
what is in IoT for them and to motivate to embrace IoT products/services. 
 
To sum up the definitions of IoT in academia, the focus has been on technological aspects in general 
and what is the value of IoT for different actors and how does IoT match with needs are not given 
emphasis while defining IoT. Moving to grey literature, several definitions has been proposed by 
various actors and that gives an idea about these actors’ understanding of IoT. 
 
According to International Telecommunication Union, IoT is a network which is “Available anywhere, 
anytime, by anything and anyone.” (International Telecommunication Union, 2005) which can be 
considered as the motto of IoT since availability of the network is fundamental for IoT solutions. 
 
As a representative of EU’s understanding of IoT, Vermesan and Friess (2013) approach to IoT with 
the ecosystem perspective by mentioning collaboration towards shared goals in their statement: 
“Internet of Things (IoT) is a concept and a paradigm that considers pervasive presence in the 
environment of a variety of things/objects that through wireless and wired connections and unique 
addressing schemes are able to interact with each other and cooperate with other things/objects to 
create new applications/services and reach common goals.” On the other hand, the European 
Research Cluster on the Internet of Things defines IoT as “A dynamic global network infrastructure 
with self configuring capabilities based on standard and interoperable communication protocols 
where physical and virtual ‘things’ have identities, physical attributes, and personalities, use 
intelligent interfaces and are seamlessly integrated into the information network.” (IERC, 2014). This 
definition represents a holistic approach by including many technological aspects of IoT clearly; 
however, there is no place neither for end-user nor values that IoT offers in their definition. 
 

In Sweden’s national agenda for the IoT (Truvé et al., 2014), it is stated that; “IoT is a collective term 
for the development that means that machinery, vehicles, goods, appliances, clothes and other things 
and creatures (including humans), are equipped with tiny sensors and computers. These can perceive 
their environment, communicate with it, and thus create a situational behavior and help create smart, 
attractive and helpful environments, products and services.” and that touches upon creating an 
environment, and products/services which are not only smart but also helpful. 
 
As representing a perspective from the industry, McKinsey Global Institute define the IoT as “sensors 
and actuators connected by networks to computing systems which can monitor or manage the health 
and actions of connected objects and machines” (Manyika et al., 2015). Here, benefits proposed by 
IoT systems such as monitoring or managing actions done by IoT technology are pointed out; 
however, how these ‘benefits’ would serve to end-users’ values are also needed to be clarified. 
 
All in all, there is no consensus on definition of IoT and academia, governmental institutions and 
industry provides various definitions which generally underline technological aspects of IoT such as 
interconnection of devices (Lewis, 1985; Gubbi et al., 2013; Khan et al., 2016; IERC, 2014; Manyika et 
al., 2015), connection through wireless and wired systems (Vermesan & Friess, 2013), enabling 
remote monitoring (Lewis, 1985; Manyika et al., 2015), sharing information (Gubbi et al., 2013; Khan 
et al., 2016), etc. There are very few definitions having an ecosystem approach such as including the 
value offered by IoT to the end-user like enhancing their comfort (Risteska Stojkoska & Trivodaliev, 
2016) and reaching common goals (Vermesan&Friess, 2013). 
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Although IoT is introduced in the last quarter of 20th century, it took decades to be considered as an 
emerging technology as it was already 2011 when the term “Internet of Things” appeared in the hype 
cycle for emerging technologies for the first time (Gartner, 2011). In the following years, IoT 
technology climbed on and reached to the peak of the curve in 2014 (Gartner, 2012; Gartner, 2013; 
Gartner, 2014). In the version of 2015, IoT almost remained in its place and another term related to 
IoT emerged: “IoT Platform”. In the last version released in July 2016, although “IoT Platform” went 
up in the curve, the term “Internet of Things” disappeared (see appendix I). In order to see the insight 
of this situation, the analysts who prepared “2016” version of the hype cycle are contacted. The 
situation was explained as the fact that a standalone hype cycle just for IoT was published -which is 
not publicly released- in 2016 and the term IoT removed from the general scheme in order to highlight 
other new emerging technologies.  
 
IoT envisions a future in which physical and digital entities can be linked by means of applicable 
information technologies to enable a whole new class of applications and services (Miorandi et al., 
2012). IoT technologies have wide applicability in many areas including industrial automation, 
environmental monitoring, traffic management, healthcare, security, surveillance, home automation, 
etc. (Miorandi et al., 2012; White et al., 2017). Today, the IoT is going through a phase of rapid growth 
(Dijkman et al., 2015). According to Manyika et al. (2015), there are more than 9 billion connected 
devices all around the world and this number is projected to be between 25 billion and 50 billion by 
2025. The potential economic benefit of IoT applications was globally in the range of $300 billion to 
$900 billion for 2015 in total, and that is estimated to be between $3.9 and $11 trillion in 2025 
(Manyika et al., 2015). However, in what ratio this potential will be realized is a debatable issue. 
 
Sweden is one of the leading countries in the deployment of ICT products and services in different 
sectors. Using IoT solutions is expected to make several businesses in Sweden more profitable  (Truvé 
et al., 2014). The estimated turnover of implementing different IoT systems in different industries are 
given in Table 1 which is based on the work of Truvé et al. 
 

Table 1: IoT possibilities for Sweden (based on the work of Truvé et al., 2014) 
 

Industry IoT applications Turnover in B SEK 

Process industries Logistic, operation, new services 780 

Private services Tender, new services 650 

Health and care Logistic, operation 600 

ICT Logistic, operation 550 

Trade and food Food logistic supply and storage 480 

Manufacture Production, engineering 470 

Construction and 
maintenance 

Building construction management 
of the housing stock 

450 

Vehicles and transport Logistic, operation, warehousing 500 

Energy efficiency Smart grid 500 

Consumer products Logistic, operation, warehousing 900 

Other   720 

Sum turnover   6.000 B SEK 
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According to Table 1, Sweden is expected to get the highest benefits from IoT in consumer products 
and process industries. Besides, the most common IoT application area mentioned in Table 1 is 
operation and logistics. Based on this, the companies whose expenses for logistics and operation are 
currently high and IoT companies offering a value to decrease these expenses are expected to get the 
most financial benefits from IoT solutions. 
 

3.2.2 IoT ecosystem 
 
Currently there are just a few attempts in literature to model IoT ecosystem and they represent 
perceptions of governmental authorities in Europe-level and Sweden-level respectively.  
 
Considering IoT, the term ‘ecosystem’ may be described as the set of technical elements (both 
hardware and software), social components (suppliers, vendors, users, developers, etc.) and business 
entities which enable the activities among the actors of a holistic system (Bosch, 2009). According to 
Vermesan and Friess (2013); there are three main areas forming IoT ecosystem and these are namely 
IoT applications which are desirable to Users/Stakeholders, IoT enabling technology, and IoT viable 
marketplace. These areas partially overlap with each other so that different aspects such as 
technology design, business development and society adoption emerge towards IoT integrated 
environment. 
 
As a results of a study initiated IoT European Research Cluster, the model proposed by Friess and 

Vermesan (2015) presents EU’s perception on IoT ecosystem as illustrated in figure 1. In this model, 

the main actors are summarized as follows: 

- Vendors: They supply components needed to the solution providers. 
- Suppliers: They provide IoT related services and solutions. 
- Customers / End users: They receive a value by using IoT services and solutions. 

 

 
 

Figure 1: IoT ecosystem (adapted from Friess & Vermesan, 2015) 
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The model that Vermesan and Friess (2015) shared for IoT ecosystem puts the market in the center 
of the ecosystem and mentions a feedback of learning and experience from end-user side to vendors. 
This learning and experience suits in SNM perspective which plays an important in an emerging 
ecosystem like IoT. In this model, ‘vendors’ learn from their experiences with end-users as they exist 
in the market. The market here is driven by supply and demand where competition between suppliers 
and External Service Providers (ESPs) are underlined. In traditional value-chain approach where 
companies have firm-based business models, the competition exists as a strong driver. However, in 
ecosystem perspective, value co-creation and co-innovation outweigh competition as a part of 
ecosystem-based business models. Besides, unlike ecosystem perspective’s encapsulating all the 
actors, this model leaves some of them apart, for instance, although there is ‘hardware provider’, 
‘hardware manufacturer’ is missing. Additionally, state-funded institutions such as innovation 
agencies which play important role to nurture IoT ecosystem with SNM perspective are also missing.  
 
PESTEL actors have a direct input, which is represented with one-way arrow, to the market in the 
model of Vermesan and Friess (2015). This one-way approach might have been inherited from 
traditional supply chain approach and it implies that there is no input into PESTEL actors in the 
ecosystem. This may be considered as misleading since these actors also learn from actors in the 
ecosystem such as vendors and end-users, and revise their input in the ecosystem according these 
learnings. Additionally, in this model, the value flow between end-users and the market is one-way 
which implies that end-users do not have any direct input to the market. This might be considered as 
misleading since end-user offers direct value to the market in terms of payment, data, feedback, etc.  
 
Another attempt to model IoT ecosystem was made by  Truvé et al. (2014) -who represents Sweden’s 
perception regarding IoT ecosystem- and that is presented in Sweden’s National Agenda for the 
Internet of Things as illustrated in figure 2. 
 

 
 

Figure 2: Value Creation in IoT Ecosystem (adapted from Truvé et al., 2014) 
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In their model, Truvé et al. (2014) place ‘actors in research, education, design and innovation’ in the 
center of IoT ecosystem which are in collaboration with the rest of the actors in the scheme. By 
implementing research and development projects including different stakeholders, these actor play 
a role in creation and diffusion of the knowledge and learning experiences.  
 
Truvé et al. (2014) mention the action of strategy planning by representing it as an actor which is the 
consortium of ‘policy-makers & legal instiutions’, ‘providers of support & resources’, ‘sector/region 
joint interest organizations’ from both supplier and end-user sides, and ‘actors in research, education, 
design and innovation’. Here, the master strategy declared by the consortium for value co-creation 
inside the ecosystem is emphasized by three words that triggers ‘influence’; ‘renewal’ of public sector 
and industry, ‘focus’ on research, development and innovation and ‘synergy’ between industries 
(Truvé et al., 2014). Including this consortium inside the IoT ecosystem not by the label “consortium” 
but by their master strategy is important to value the sustainability of the strategy in action rather 
than people who is implementing it at that moment. The reason is that although the actors in this 
consortium might change, the master strategy must be kept going -with some adaptations if 
necessary- for a cumulative growth instead of starting from scratch every time.  
 
The model of Truvé et al. (2014) has four arterial relation which are; 
- Between ‘IoT-suppliers’ and ‘IoT-customers and users’: This value flow is labeled as “business 

value-chains” which might have been inherited from with traditional vertical market structure in 
the supply chain approach. However, in ecosystem perspective, this value flow is supposed to be 
implemented as value co-creation gathering different actors from suppliers’ side and end-users’ 
side in a horizontal platform within SNM perspective in which suppliers are encouraged to try 
their products/services and business models, get a feedback from end-users, learn from each 
other, improve their value propositions and introduce their solutions to the market again. 
 

- Between ‘actors in research, education, design and innovation’ and the strategy planning 
consortium: In parallel with ecosystem and SNM perspectives, there is value co-creation and 
knowledge diffusion inside the ecosystem which is represented with a two-way flow of creative 
ideas and knowledge between these two actors. 

 
- Between ‘sector/region joint interest organizations’ from IoT suppliers side and the strategy 

planning consortium: In this model, ‘sector/region joint interest organizations’ bridges ‘IoT-
suppliers’ and the strategy planning consortium. In the value flow represented via this arterial, 
while ‘sector/region joint interest organizations’ keeps IoT-supply going in coordination with the 
suppliers, the consortium satisfy cross border-needs and provides enablers for IoT-supplier actors 
who might be importing/exporting products/services. 

 
- Between ‘sector/region joint interest organizations’ from IoT end-users side and the strategy 

planning consortium: In this model, ‘sector/region joint interest organizations’ bridges IoT end-
users and the strategy planning consortium. In the value flow represented via this arterial, while 
‘sector/region joint interest organizations’ informs the consortium about specific needs of end-
users in the ecosystem, the consortium fosters new opportunities with new IoT technologies to 
meet with end-user  needs which play a crucial for a healthy ecosystem. 
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For some the fact that neither “IoT-suppliers” nor “IoT-customers and users” has a direct input into 
the strategy planning consortium in Truve et al. (2014)’s model might contradict with the fact that 
valuing diversity of the actors in governing activities is a strength of ecosystem perspective. However, 
as long as “sector/region joint interest organizations” from both supplier and end-user sides, and 
“actors in research, education and innovation” are in close contact with both “IoT-suppliers” and 
“IoT-customers and users”, and understand and share their needs and values effectively during 
strategy planning activities, that master plan and strategies will be inclusive. Besides, including many 
actors directly in decision mechanisms might hamper ‘institutional stability’ (in terms of being agile 
to take necessary action for governance) which is significant aspect of ecosystem perspective. 
 
Both the models proposed by Friess and Vermesan (2015) and Truve et al. (2014) provide different 
views, from in governmental organizations levels regarding IoT ecosystem which are found valuable 
to provide the understanding of IoT ecosystem for the actors including not only companies but also 
academia. 
 
In ecosystem perspective, value co-creation by actors towards common goals and visions nurture the 
ecosystem. Achieving this requires companies in the ecosystem to shift from ‘firm-focused business 
model’ to ‘ecosystem business model’. However, this might not be straightforward in emerging 
ecosystems like IoT as Ferber (2013) points out; “New web-based business models being hatched for 
the Internet of Things are bringing together market players who previously had no business dealings 
with each other. Through partnerships and acquisitions, […] they have to sort out how they will 
coordinate their business development efforts with customers and interfaces with other 
stakeholders.” (Ferber, 2013). At this point, it is essential for players in IoT ecosystem to enroll in 
value co-creation while designing ecosystem business models; however, there are three main 
challenges needed to be dealt with (Westerlund et al., 2014): 
- Diversity of objects: It refers to the complication because of a multitude of different types of 

connected objects and devices without generally-accepted standards. 
- The immaturity of innovation: This means the fact that typical IoT technologies and innovations 

are not yet products and services but a “mess that runs deep” 
- The unstructured ecosystem: It indicates that it is too early to say who the participants will be 

and which roles they will play in the evolving ecosystems. 
 
Westerlund et al. (2014) emphasize a significant issue about realizing business opportunities coming 
with IoT. The challenges might result in some actors’ having ‘wait and see’ approach instead of taking 
actions in terms of investing their resources to seize the business opportunities. In case of having a 
conservative approach, adaptation of these companies in IoT ecosystem might be difficult. For 
instance, they might prefer to keep their ideas for themselves and avoid cooperating with other 
actors -by seeing them as potential competitors- with a motivation of keeping their position in the 
market safe. At this point, in order to motivate the change in this approach and gathering around 
common vision and goals, an inspiring example is Tesla that opened their patents to be used free of 
charge so as to advance electric vehicle technology (Musk, 2014). According to Friess & Vermesan 
(2015), so as to foster the value network in IoT ecosystem, actors are supposed to cooperate even 
with their competitors as a part of innovation strategy for two reasons: 
- Co-development and multiple possible implementations provide best practices and decrease the 

risk of failure. 
- A single entity could not provide all constituents of a solution. 
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In order to achieve a sustainable value network which nurtures both the actors and the ecosystem 
itself, there are several needs to be satisfied in IoT ecosystem (Truvé et al., 2014): 
- A technical framework, like a reference architecture with multiple technology layers, which 

identifies specifications that will be used for the implementation of IoT systems: This aspect has 
special importance to foster co-innovation inside the ecosystem. 

- An organization which takes responsibility for the ecosystem’s management and development is 
necessary for the early stages of the ecosystem, in other words until it becomes self-sustaining: 
So as to provide ‘institutional stability’ characteristic of an ecosystem, this presents a significant 
importance. 

- Research and Innovation which are essential for IoT ecosystem to involve a feasible way of 
implementing cutting edge IoT solutions: This aspect is also underlined in SNM perspective in 
which actors co-innovate and introduce new technological solutions in test platforms. 

- A set of rules such as standardization of communication protocols, interfaces, etc. The more 
international standards are followed, the more effective the ecosystem will be: This aspect foster 
value co-creation by enabling actors work together via ‘talking the same language’ in terms of 
standards. 

- Regulations, laws and safety to manage the privacy of the users -both individuals and 
organizations- about whom a large amount of data is collected via IoT systems: This aspects 
underlines governance mechanism in IoT ecosystem which is crucial for ‘institutional stability’. 

 

3.2.3 Visions in European-level and Sweden-level regarding IoT ecosystem 
 
There are a number of large-scale initiatives which are active on IoT in the US, in Europe, in China, in  
Japan and other countries (Miorandi et al., 2012). Among them, the European Commission (EC) has 
been pushing initiatives related to IoT since 2005 (Miorandi et al., 2012); yet, it took four years for 
the European Union (EU) to grasp IoT with a determined action plan which leaded to the foundation 
of European Research Cluster on IoT (IERC) in 2009.  
 
EC has been putting a big effort in promoting joint innovation and research projects, and encouraging 
cooperation of different actors in order to develop a successful IoT ecosystem (Vermesan & Friess, 
2013). This vision is in line with the ecosystem and SNM perspectives by bringing different actors 
together in the projects supported by EC for value co-creation towards common goals. These projects 
also represent valuable test beds for actors to experiment their products/services, business, learn 
from others and co-innovate to improve their value propositions. Besides, in the current emerging 
phase of IoT ecosystem, these projects have special importance to enable the actors to explore other 
actors, their roles together with their own roles and initiate collaborations. “Internet-Connected 
Objects”, which was launched within the 7th Framework Programme in 2011, is an example to EC’s 
actions to foster IoT ecosystem (Miorandi et al., 2012). 
 
The strategic agenda of the Cluster of European Projects on the IoT argues that the IoT is expected to 
alter information, business and social processes and bring many unforeseen possibilities (Cluster of 
European Projects-IoT, 2009). Additionally, EU’s vision of IoT for 2020 may be summed up in three 
elements (Friess & Vermesan, 2015): 
- The IoT ecosystem will surround not only a growing number of organizations and businesses using 

IoT but also the traditional supply-side actors. 
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- 6 billion IoT devices -spread across the EU 28- will be generating more than 1.8 billion Euro of 
revenue. 

- By 2020, the hyper-connected society will have been established. 
 
EU’s vision show that the number and diversity of the actors in IoT ecosystem is projected to increase. 
In order to realize the target of “generating more than 1.8 billion Euro of revenue”, the 
implementations in the field are supposed to reach a certain level that requires actors’ take action to 
seize opportunities brought by IoT. However, to achieve that, actors need to be ready to introduce 
their IoT solutions into the market. At this point, in order to enable this with ecosystem and SNM 
perspectives, projects to bring actors together to create knowledge and diffuse learning must be 
supported by European authorities. 
 
Inside EU, Sweden is one of the leading countries in ICT sector. To keep its position, the Swedish 
governmental agency for innovation, namely Vinnova, promotes IoT ecosystem for a sustainable 
growth, and IoT applications to be realized by improving conditions for innovation, encouraging 
collaborations among different stakeholders and funding related projects (Vinnova, 2017). The need 
for IoT systems in Sweden is already asserted as very large -doubles every year-, and in parallel with 
this, Sweden’s vision for IoT is clearly stated in Sweden’s national agenda for IoT as (Truvé et al. 2014); 
- Being a leading country in the consumer area of IoT 
- Extending the use of IoT in order to improve the country’s competitiveness 
- Getting benefit from research, innovation and prototyping to develop efficient products and 

services integrated with IoT 
- Enhancing the related parts of the value chain to get a larger share of worldwide IoT business 
 
Having that vision, Sweden defined the prevalent status of IoT ecosystem for 2014 and targets for 
2020 and 2025 as shown in figure 3. 
 

 
 

Figure 3: The prevalent status of IoT ecosystem in Sweden for 2014 and targets for 2020 and 2025 
(adapted from Truvé et al., 2014) 
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The strategy to achieve these targets is constructed on 3 main elements (Truvé et al., 2014): 
- Renewal of public sector and industry which emphasizes: 

 Collaboration of public and private sector to achieve common goal of IoT ecosystem: This 
aspect shows that the country's vision is in parallel with ecosystem perspective in which 
actors’ having common goals and visions is essential. 

 Public sector’s need to invest more in innovation so as to meet its mission: This aspect 
presents a specific importance due to IoT ecosystem’s being in emerging phase in which 
private actors might be reluctant to make investments since they might not clearly see the 
value for them. Therefore, public sector’s investment in innovation can be combined with 
knowledge diffusion in the ecosystem so that private actors can learn also in this way and 
improve their own solutions to make them more mature to introduce to the market. 

 
- Focused research, development and innovation which mentions: 

 Sorting the projects according to their profitability and giving priority to the ones existing on 
the top of the list: Assuming that ‘profitability’ here refers to ‘financial profitability’, the effect 
of this approach strongly depend on how to monetize the outcomes of the projects. It must 
be also taken into account that there might be some projects whose deliverables might not 
bring a direct financial value but help the actors to understand the values in the ecosystem 
and innovate appropriate solutions which can bring financial values in the long term. 

 Assigning research and development funds for activities focusing on IoT business in Sweden: 
This aspect is significant to nurture IoT ecosystem in parallel with SNM perspective and enable 
different actors to come together, co-create values towards common vision and country 
goals, gain practical experience, create and diffuse knowledge and generate values from that. 

 
- Synergy, i.e. collaboration between industries, via: 

 Implementing a test bed where different actors are able to cooperate: This aspect underlines 
taking initiative with SNM perspective by providing an experiment platform to the actors to 
enable them to test their products/services and business models, to learn from each other, 
finally improve their value propositions and test again until validation. 

 Developing a technological framework: This represents significance in order to foster 
collaboration of different actors since their IoT technology solutions will be based on a 
common framework. In addition to supporting value co-creation aspect of the ecosystem 
perspective, developing a technological framework could help realization of interoperability 
of solutions provided by different actors and nurture the ecosystem. 

 Founding an organization to be responsible for coordination inside the ecosystem: In parallel 
with ‘institutional stability’ characteristic of ecosystem perspective, an organization to enable 
legitimacy, regulation and coordination of actors in the ecosystem can accelarete the growth 
of the ecosystem especially in the emerging phase in which the roles of the actors are not 
clear in general. 

 
Having a national agenda for IoT, Sweden has a clean vision, precise targets and a strategy to achieve 
them. Looking to Sweden’s vision for IoT, it may be seen that authorities are already aware of some 
lacking points like there is no common reference architecture, knowledge management, etc. and have 
a detailed plan to reach the targets declared. Besides, there are several institutions and programs in 
Sweden that have direct or indirect effects to IoT ecosystem:  
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- Strategic Innovation Program Smart Sustainable Cities (SSC): This program represents the 
shared vision for Sweden to become a leader in the realization of smart sustainable cities which 
may only be possible with employing effective IoT systems in home, city, and country level. 
 
The agenda starts with mentioning three topics to focus on; IoT, Smart Electronic Systems and e-
mobility and in this 36-page agenda, the term IoT is mentioned three times (Kordas et al., 2015): 

 First one appears under the title “Empowered Citizens” and mentions the fact that large 
amount of real-time data generated by IoT will provide the opportunity for real-time feedback 
to support both operational and strategic decision mechanisms of various actors. 

 Second one emerges under the title “Integrated Infrastructure” to mention that 
developments in several areas including IoT enable innovative urban product-service systems 
that behave as catalysts for new niches formed on principles of sharing and/or circularity. 

 Third one is under the title “Suggested examples for research and innovative activities” to 
emphasize the fact that consumer-oriented IoT for homes have the potential to decrease 
environmental impact and improve life-quality in domestic environment. 

 
All these statements are parallel with SNM perspective and use of IoT to strengthen the test 
platforms which serve actors from different ecosystem to co-create values towards  common 
goals and visions of Sweden. Although, the term ‘IoT’ is mentioned three times in the agenda of 
SSCs, the term ‘ICT’ is used many times and is seen as the key to unlock the realization of SSCs. 
For many people both in academia and industry, the term ICT encapsulates IoT as well. Besides, 
most of ICT-based approaches towards SSCs are strongly connected with IoT systems and some 
of the actors in this act, such as IBM, Intel, Telia Company (formerly TeliaSonera), etc. also play 
roles in IoT ecosystem. 
 

- Vinnova: Vinnova is the Swedish Innovation Agency which works under the Ministry of Enterprise 
and Innovation and represents the national contact agency for the EU Framework programme for 
R&D (Vinnova, 2017c). Vinnova manages three programmes and each covers different areas and 
industries. These programmes are namely, strategically important knowledge areas, 
innovativeness of specific target groups, and cross-border cooperation (IoT Sverige, 2017). In 
parallel with the country’s vision on IoT ecosystem, Vinnova, with ecosystem and SNM 
perspectives, supports various projects fostering IoT ecosystem in many ways: 

 

 Analysis of ecosystems in different industries and potential for use of 'IoT' for products and 
services: The purpose of this project is identifying the conditions for the use of IoT systems in 
different industries. Having started in 2015, this project is coordinated by KTH and expected 
to be completed in 2017 (Vinnova, 2015a). The focus is giving an insight about IoT ecosystem 
by including different actors, defining opportunities and challenges via case studies, 
interviews and workshops.  

 
The actors who took a role in this project are KTH, ALMEGA (an organization that supports 
service companies in Sweden), Biosync Technology (a spin-off offering a tool for daily life 
stress measurement and self-reflection), Ericsson, Interaktive Institute Swedish ICT, Market 
Technology Centre, Sandvik Process Systems, City of Stockholm, Telia Company (formerly 
TeliaSonera, a global GSM operator) and Vattenfall. 
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 IoT Sweden: IoT Sweden is a project which has been run by Luleå University of Technology,  
in 2014, funded by Vinnova and supported by Formas (the Swedish Research Council), 
Sweden Energy Agency and Uppsala University (Truvé et al., 2014). One of the deliverables of 
this project is “IoT agenda for Sweden” which was released in 2014 and described a plan and 
a strategy for Sweden to become a leading country in several sectors via developing specific 
IoT systems and realizing the potential of them. 

 
The agenda mentions that Sweden’s lack of an industry organization to run strategic issues 
for the IoT development causes the development’s not gaining the momentum which is 
needed for global success. Additionally, the agenda recommends; a cross-industry exchange 
with end-users and a number of IoT suppliers, close collaboration of different actors, and 
actors’ taking a part in politics and legislation for the development of the IoT ecosystem. 
These outcomes are very much related with ‘value logic’, ‘participant symbiosis’ and 
‘institutional stability’ characteristics of ecosystem perspective in terms need to take strategic 
initiatives to define common goals, value co-creation towards these goals and implementing 
an effective governance mechanism. The agenda also touches upon strengths and 
weaknesses of Sweden related with IoT ecosystem (Truvé et al., 2014): 
o Strengths: Having an innovative environment, early development of IoT applications, 

strong basic industries, and good international contacts. 
o Weaknesses: Lack of a strong unified market where IoT suppliers may develop, 

overlapping IoT-focused research and development activities between different 
industries and weak interaction between different sectors regarding to similar need of 
IoT-based solution 

 
- IoT guide - from product to service: The target of this project is inspiring companies to create 

IoT initiatives by creating an extensive understanding of business aspects of IoT and founding 
a framework as a guide for companies. Having been implemented between 2015 and 2017  
by the collaboration between Umeå University, FältCom (a supplier of telecommunication 
equipment) and Telia Company; the project delivered the portal www.iotguiden.se as a result 
of the systematic review including success factors and risks based on the outcomes of several 
case studies with various industries (Vinnova, 2017a).  

 
Several companies from different sectors participated in this project by sharing their 
experiences on creating new innovative products and services in IoT ecosystem in parallel 
with ecosystem and SNM perspectives. These actors are AddSecure (providing secure 
communication), University House, Combitech (a consulting company), Coor (a facility 
management provider), Eistec (a wireless embedded internet systems provider), Elsys (a 
provider of sensors, connected devices and network), Followit (providing products/service for 
GPS positioning), FältCom, Husqvarna Group (a forestry and garden products supplier), 
Komatsu Forest (a manufacturer of forest machines), Nobina (a public transportation 
company), the Nordic Game Keeper (a provider of hunting-related products and services), 
Onslip (a provider of payment-related products), Scania, Skistar (offering travel services), 
Telia Company, Tyréns (a consulting company on built environment) and Yanzi 
Networks(providing IoT products and services for smart home/office) (Westergren et al., 
2016). All these actors’ having different expertise and coming together for value co-creation 
foster ‘participant symbiosis’ characteristic in IoT ecosystem. 
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- IoT Navigator – for Swedish industry and the public sector: This project aims to satisfy the 
need for companies to get guidance on how they may use the IoT operationally which is not 
clear owing to IoT ecosystem’s complexity with many actors. Having been coordinated by 
Lund University, this project was implemented between 2015 and 2016 and delivered the tool 
www.iotnavigator.se which is an online and crowdsourced for companies to get guidance 
about available IoT systems and active actors and upload information about their own 
systems (Vinnova, 2017b). This project is a good example to underline the correlation 
between the aim of the projects supported by Vinnova according to Sweden’s vision on IoT 
ecosystem and SNM perspective in terms of ‘absorbing uncertainties’. 

 
- IoT Lab: This project aims to explore the potential of crowdsourcing to expand IoT testbed 

infrastructure for experimental implementations with more end-user interactions (Olofsson, 
2013) which are in common with the vision of SNM perspective. 

 
The IoT Lab consortium consists of eight actors from six different countries; Mandat 
International (an independent foundation with Special consultative status to international 
organizations, Switzerland), DunavNET (a company developing innovative IoT and AR 
solutions, Serbia), Computer Technology Institute and Press "Diophantus" (Greece), 
University of Geneva (Switzerland), Alexandra Institute (Denmark), Luleå University of 
Technology (Sweden), University of Southampton (UK) and University of Surrey (UK) (IoT Lab, 
2016).  

 
Having been realized between 2013 and 2016, the project targeted to work on R&D activities 
focusing on (Olofsson, 2013): 
o Value creation for end-users via analyzing the prospective end-users to offer an optimized 

model for adopting end-user. 
o Performing multidisciplinary experiments which involves end-user focused experiments 

via crowdsourcing and evaluation of the added values. 
o Economic aspect of crowdsourcing testbed so as to optimize economic sustainability of 

the testbeds via analyzing in the business models’ revenues channel and the potential 
markets. 

 
All in all, when it comes to support IoT related projects in Sweden to foster the growth, Vinnova 
represents the dynamo of the ecosystem and supports innovation projects financially and/or 
providing a network of different stakeholders. The selected projects generally show that: 

 The number of the players in IoT ecosystem in Sweden is increasing based on the increasing 
number of the actors in these projects. 

 Size of the private companies differ which is a sign of lowering the threshold for players to 
enter into IoT ecosystem.  

 Diversity is valued via including different actors and stakeholders, from different countries 
and industries. This fosters diffusion of knowledge, innovation and learning across companies, 
industries and countries. 

 The theme of the projects vary which shows different issues of the IoT ecosystem are 
attempted to be dealt with. 
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3.3 Literature Review on Smart Home 
 

3.3.1 Definitions of the term “smart home” and expectations from smart home applications 
 
There are different views in the literature regarding the start of smart home. According to Hui et al. 
(2016), the story of smart home started in the late 1960s when computer amateurs began installing 
computers for family inventory taking and temperature control (Hui et al., 2016). On the other hand, 
Peine (2008) argues that the roots of the idea of “smartness” in the built environment initiated in 
1970s when the first attempts were made in office buildings to centrally control the buildings’ 
functions (Peine, 2008). With the experiments of transferring the idea of building automation to the 
home in the early 1980s, the idea of smart home originated (Peine, 2008) and it is officially announced 
for the first time in 1984 by the American Association of House Builders (Harper, 2003). During the 
literature review process, it is found that there is no standard definition of “smart home”.  
 
In 1992, Lutolf made an early definition of smart home by stating that “the smart home concept is the 
integration of different services within a home by using a common communication system. It assures 
an economic, secure and comfortable operation of the home and includes a high degree of intelligent 
functionality and flexibility.” (Lutolf, 1992). Mentioning the values offered for the end-user, this put 
an emphasis on end-user’s position in the smart home ecosystem. 
 
In parallel with the general trend of focusing the technological aspects of smart home, some scholars 
underlined autonomy of the systems in smart home by stating that “a home or working environment, 
which includes the technology to allow the devices and systems to be controlled automatically, may 
be termed a smart home” (Berlo et al., 1999). This trend on focusing technological aspects continued 
in 21st century as well based on the technological advancements. For instance, the emphasis on 
remote controlling of smart home systems has been risen and that is also mentioned by King who 
define smart home as “A dwelling incorporating a communications network that connects the key 
electrical appliances and services, and allows them to be remotely controlled, monitored or accessed.” 
(King, 2003). By stating that “The idea of a Smart Home refers to the use of ICT in the home to facilitate 
the interoperability of household products and services in a built entity.”, Peine (2008) made one of 
the early emphases on interoperability of different products/services and that is still considered as 
one of the biggest challenges in smart home ecosystem. Risteska Stojkoska and Trivodaliev also 
emphasized technological aspect in terms of equipment control by stating that smart home indicates 
the use of ICT in home control for a wide range from controlling home appliances to automation of 
different home features, e.g. heating, lighting, etc. (Risteska Stojkoska & Trivodaliev, 2016). 
 
On the other hand, there have been some scholars who did not leave values for end-users in the 
shade while defining smart home. For instance, Including various elements, a comprehensive 
definition of smart home might be stated as “A smart home is a residence equipped with a high-tech 
network, linking sensors and domestic devices, appliances, and features that can be remotely 
monitored, accessed or controlled, and provide services that respond to the needs of its inhabitants.” 
(Balta-Ozkan et al., 2013; Chan et al., 2008; King, 2003; Taylor et al., 2007). 
 
Satpathy also provided a comprehensive definition of smart home by stating that “A home which is 
smart enough to assist the inhabitants to live independently and comfortably with the help of 
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technology is termed as smart home. In a smart home all the mechanical and digital devices are 
interconnected to form a network, which can communicate with each other and with the user to 
create an interactive space” (Satpathy, 2006). Here, being able to live independently and comfortable 
living are pointed out as two values offered by smart home and these values might outweigh others 
in developed countries like Sweden where life expectancy is high and independent living of 
individuals is valued. 
 
Another definition of smart home was proposed by Alam et al. (2012) by stating that “A smart home 
is an application of ubiquitous computing in which the home environment is monitored by ambient 
intelligence to provide context-aware services and facilitate remote home control. (…) Generally, 
smart homes offer comfort, safety, security, remote control, and energy conservation.”. Here, Alam 
et al. (2012) mention remote monitoring and control capabilities of smart homes and areas where 
smart home offers value, and one of the values mentioned is “energy conservation” which 
emphasizes economic benefits of smart home. 
 
By touching upon different aspects such as enabling technology and values offered, Aldrich (2013) 
presents a comprehensive definition by stating smart home as “a residence equipped with computing 
and information technology which anticipates and responds to the needs of the occupants, working 
to promote their comfort, convenience, security and entertainment through the management of 
technology within the home and connections to the world beyond” (Aldrich, 2003). By emphasizing 
meeting with the needs of the households, Aldrich emphasizes an end-user centric definition of smart 
homes and gives a place also to ‘entertainment’ aspect which is mainly underestimated in the 
literature. 
 
To sum up the views in academia regarding definition of smart home, different scholar point out 
mainly technological aspects such as enabling automation, remote control, interconnection of 
various devices, etc. and social aspects such as offering a value to inhabitants in terms of comfort, 
safety, security, independent living, entertainment, etc. 
 
In addition to academia, a different definition of smart home is proposed by the European 
Commission by stating that “Smart home means a building, whose building elements or technical 
building systems can communicate with other sub‐systems and with the power grid, adapt in response 
to the needs of the occupants and the grid and interact with building operators and/or occupants to 
empower them with new levels of visibility and actionable information to ensure that energy use is 
continuously optimized.” (European Commission, 2015). Therefore, different from academia, 
expectations of European authorities focus on energy management aspect of smart home in terms 
of optimum use of grid assets and resources. In Sweden, no expectation has been declared by the 
authorities regarding smart home; yet, the country pay attention to optimize energy usage in houses 
via various applications in parallel with the targets of decreasing CO2 emissions and increasing the 
share of renewables in the electricity generation. 
 
In parallel with expectations, smart home market is continuously growing; however, it is currently 
very fragmented (Smirek et al., 2016). Smart home market was worth $14 billion globally in 2015 and 
as illustrated in figure 4, it is expected to surpass $50 billion by 2020 (A.T. Kearney, 2017). In which 
scale this expectation will be met is a debatable issue since the realization of the potential of smart 
home requires certain responsibilities to be taken by governmental authorities especially in terms of 
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providing ‘institutional stability’ in the ecosystem, e.g. by introducing supportive regulations, 
standardizations, etc. However, not having declared a clear vision for smart home, governmental 
authorities neither in Sweden nor in European-level seem promising to take the initiative.  
 

 
 

Figure 4: Smart home market size by application type (adapted from A.T. Kearney, 2017) 
 

3.3.2 Smart home ecosystem 
 
During the literature search, there found only a few studies in academia that attempt to investigate 
smart home ecosystems in terms of actors and value network. According to Kortuem and Kawsar 
(2010), smart home ecosystem is a set of actors who interact and collaborate in the construction, use 
and maintaining of smart homes. Solaimani et al. (2011) evaluate smart home ecosystem by using 
STOF (Service-Technology-Organization-Finance) tool that has the merit of providing a 
multidimensional view by including various domains in the smart home ecosystem: 
 
- Service domain: It provides a description of the value proposition and market segment at which 

the offering is targeted (Solaimani et al., 2011). The identified clusters to determine the customer 

value are shown in figure 5. 
 

 
 

Figure 5: Service domain (adapted from Solaimani et al., 2011) 
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‘Service domain’ underlines some elements which are very crucial for a healthy ecosystem. To 
start with, ‘user adoption’ includes customization of the service is important to meet with 
changing needs of the end-users and to give freedom of flexibility. As a part of ‘service definition’, 
having a ‘clear business model for providers’ with a ‘user-centric approach’ is a must for smart 
home product/service providers to survive. Lack of that is one of the reasons that some 
companies fail to pass ‘valley of death’ or could not reach the minimum share in the market to 
survive despite the quality of their product. Another aspect underlined in that tool is that specific 
analysis to be done under ‘market segmentation’ based on type of the customer and type of the 
dwelling. Including ethical and legal issues, ‘service provision’ touches upon dealing with concerns 
of end-users such as privacy and satisfying the related legalization to build trust within customer 
relationships and this reflects ‘institutional stability’ characteristic of the ecosystem. 
 

- Technology domain: It describes the technical architecture and functionality needed to realize 
the product or service offering. There are several clusters under technology domain such as 
design and development, middleware, architecture, standardization, etc. (Solaimani et al., 2011) 
to investigate how the products/services are utilized according to their value propositions. 
 

- Organization domain: It gives a description of the multi-actor value network needed to create, 
distribute and manage smart home products/services and focuses on topics related to the 
emergence and governance of these value networks (Solaimani et al., 2011). There are three 
clusters in this domain: 

 The coordination of collaboration sectors 

 The viability of business model which affects partnership and service commercialization 

 The technological and organizational alignment which discusses requirements and 
expectations of the actors in the ecosystem, the relation between academia and industry, etc. 

 
This domain coordinates value co-creation, commercialization and sharing common goals and 
vision of different stakeholders all of which are fundamentals of ecosystem perspective. 
 

- Finance domain: It describes the way the value network aims to generate revenues and the way 

investments, revenues and risks are divided across the actors  (Solaimani et al., 2011). It has four 

clusters and each has several elements as shown in figure 6. 

 

 
 

Figure 6: Finance domain (adapted from Solaimani et al., 2011) 
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This domain focuses on how the values are distributed among different actors via subsections 
such as ‘market demand’ of different services, ‘financial benefits’ of smart home systems for the 
end-user, ‘financial analysis’ of investments and creating ‘new economic order’. Considering the 
fact that monetizing value propositions in smart home ecosystem -in short and/or long term- is a 
strong motivation for the private actors and that is essential for the sustainability of the 
ecosystem, this domain represents a valuable scheme for investigating the sub-elements one by 
one to build the investment structure. 

 
Inside the smart home ecosystem, there is a set of actors who interact and collaborate in the building, 

use and do maintenance of smart homes (Kortuem & Kawsar, 2010). Kortuem and Kawsar (2010) 

proposes a value network in smart home ecosystem as illustrated in figure 7. 

 

 
 

Figure 7: Value network in smart home ecosystem (adapted from Kortuem & Kawsar, 2010) 
 

In their model, Kortuem and Kawsar (2010) use one-way value flows among actors. This perception 
might have been inherited from traditional supply chain approach and does not represent mutual 
value flow approach of the ecosystem perspective. According to this one-way approach, there is no 
value flow towards smart home application vendor, smart appliance manufacturers, sensor/actuator 
manufacturers and interface/control manufacturers so that it becomes insufficient to express these 
actors’ motivation which might be driven by money flow, data flow, etc.  
 
The actor in the center of this model is called “owner/inhabitant”; however, the inhabitant might also 
be tenant so that the owner and the inhabitant are supposed to be considered as different actors 
since they might have different values. For instance, the owner might pay attention to the cost of 
smart home solutions while adopting them to his/her house rented to some other people. On the 
other hand, if they were the inhabitant, they might prioritize the comfort coming with smart home 
products/services. Employing end-user centric approach, as it is done in this model, is significant in 
smart home ecosystem since at the end, the end-user is needed to embrace smart home solutions 
for the value flow to keep going. 
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Another point regarding the model proposed by Kortuem and Kawsar (2010) is that some actors are 
missing such as construction company, retailers (electricity, telecommunication, gas and water), R&D 
institutions and universities, and governmental authorities whose importance is even higher in smart 
home ecosystem due to the fact that the emerging ecosystems require more policy and regulation 
support than mature ecosystems (Li & Garnsey, 2014) since actors may not differentiate a clear 
development direction (Kley et al., 2011). 
 
Currently, the actors in smart home ecosystem are mainly integrated on vertical platforms. However, 

the existing vertical platforms in smart home ecosystem are supposed to be transformed to 

horizontal platforms where different elements may be directly connected to foster the realization of 

the opportunities in the ecosystem. As an example, this transition is illustrated in figure 8 where 

integration of home automation, smart meter and assisted living services are investigated. In vertical 

platform, these services are designed on a standalone basis and each service has its own “value chain” 

model including the technology used, network connectivity, service enablement and delivery. 

However, the ability to combine data across service silos could lead to more advanced services with 

less use of resources -via improved information integrity- as well as new service opportunities. This 

can be achieved by linking the individual “value chain” horizontally (Figueredo, 2014) in parallel with 

encouraging value co-creation of the actors in these three fields within the ecosystem perspective. 

 

 
 

Figure 8: Transition from vertical to horizontal platform (adapted from Figueredo, 2014) 
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3.3.3 End-user’s position in smart home ecosystem 
 
The direction of the focus in smart home ecosystem gradually moved from technical solutions in the 
1990s to the definition of added value and applications (Peine, 2008). The motivation behind this is 
the fact that technologically-pushed innovations may face social rejection when there is misalignment 
of provider and user perception of the “problem” the innovation looks for resolving (Kinder, 2012). 
In order to deal with this, Aldrich emphasizes that “Through sensitive exploration of user needs and 
values [with regard to smart homes], we can help to ensure that technological developments will offer 
genuine benefits, in contrast to the ‘push’ technology which dominates the market at present.” 
(Aldrich, 2003). At this point, the test beds provided with SNM perspective enable actors to meet 
with end-users, to realize their needs and what they want to see in the market, to check in what scale 
their current value propositions match with end-users’ values, and so on. 
 
The demands of end-user in smart home is more important than that in any other IoT-application 
areas since humans are the ultimate owners of everything in the home space and the complexity of 
these demands increases even more when there are multiple users in one home (Hui et al., 2016). In 
general, inhabitants of smart homes are neither motivated to understand how the technology in their 
home works nor willing to invest time in learning about it (Cakmak & Takayama, 2013). According to 
Mennicken et al. (2014), their interests are mostly driven by their urgent needs, similar to the 
ordinary behavior of not reading manuals for household appliances and just starting to use it. 
 
In order to be able to understand the end-user’s position in smart home ecosystem, it is necessary to 
realize what ‘home’ means for them. Although, ‘home’ is defined as “The place where one lives 
permanently, especially as a member of a family or household.” in the dictionary (Oxford Dictionaries, 
2017), it means “an expression of identity” for households (Davidoff et al., 2006). Therefore, smart 
home products/services must fit into their lifestyle and the general design of the home (Balta-Ozkan 
et al., 2013; Edwards & Grinter, 2001; Fitzpatrick & Harris, 2006; Li et al., 2012); otherwise, it is less 
likely to attract the inhabitants, and contributing to a feeling of being ‘out of control’ might occur. 
 
The interest in achieving “peace of mind” (Brush et al., 2011) or feeling connected to one’s home  
(Takayama et al., 2012) might be strong motivations for end-users to obtain smart home 
products/services. Hence, smart home product/service providers need to demonstrate that they can 
provide solutions which satisfy real user needs -as Barlow and Venables already mentioned in 2003- 
in order to motivate consumers to purchase their products/services and the added value must be 
clear if a mass market is to emerge. Barlow and Venables (2003) pointed out some conditions that 
smart home solutions must satisfy: 
- Affordability -for individuals and other housing actors- 
- Reliability and functionality -the systems must have unambiguous and clear functions- 
- Ease of installation and use -simple and clear user interfaces, connectivity and interactivity- 
- Standards compatibility across applications and when upgrading within specific applications 
- Flexibility, adaptability, upgradeability and maintainability -servicing costs must be acceptable- 
 
According to Moser et al. (2014), regarding smart home, most of the technology already exists and 
all that is needed to be done is making it easy-to-understand, efficient and affordable for an average 
user. To achieve that it is significant for companies to understand end-users’ position in the 
ecosystem (Joo & Shin, 2017).  
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3.3.4 Visions in European-level and Sweden-level regarding smart home ecosystem 
 
There has not been identified any dedicated EU Policy to target smart homes specifically; however, 
the Opinion 8/2014 on ‘the Recent Developments on the IoT’ identifies home automation as one of 
the three main IoT topics to be addressed in the coming years (ENISA, 2015). The European 
Commission (EC) made a definition of smart home in the Strategic Energy Technology (SET) Plan -
which is shared in section 3.3.1- and mentioned the importance energy management aspect of smart 
homes in that definition positioning smart home as a significant part of smart grids. 
 
In the ‘SET Plan - Declaration of intent on Strategic Targets in the context of an Initiative for Smart 
solutions for energy consumers’, EC puts the objective as “Further develop plug‐and‐play energy 
management solutions that will lead to more comfortable, convenient and healthier living 
environment at lower energy cost for consumers. Based on ICT and energy technologies, these services 
need to be deployed in houses using innovative business and service models. They will also increase 
energy efficiency, create new demand response opportunities, optimise building operation and ensure 
RES integration in houses.” and to reach that aim, some objectives are put to be satisfied by 2030 
(European Commission, 2015): 
- “Demonstration and application of an interoperable reference architecture and a set of open 

interface standards as soon as possible, so that they will be the default architecture and standards 
that are used by new services by 2020.” 

- “Making available an agreed methodology (KPIs and protocols) to measure the consumer benefits 
and the success in use of tools and appliances that are deployed in the market.” 

 
Although, there has not been announced a specific vision in European-level regarding smart home, 
there are indirect implications via energy management aspect of smart homes. EU already defined 
specific targets to increase energy efficiency and usage of renewables, and decrease CO2 emissions. 
To reach these targets, residential energy management -which is enabled by smart home 
applications- is considered crucial. In this view, plug-and-play energy management solutions are seen 
as a significant aspect of smart home which is evaluated as a part of smart grid. The objectives 
mentioned to achieve this show that EC points out interoperability and standardization which are 
essential not only for energy management application but for all smart home products/services in 
general. An effective energy management solution control appliances, lighting, heating, windows, 
etc. so it partially overlaps with other services like security, entertainment, health, etc. Therefore, in 
order to be able to implement plug-and-play products, interoperability must be in the home level and 
all the services must be integrated into each other. The home-level interoperability is also important 
to encourage the actors to combine their solutions via value co-creation to come up with better value 
propositions for end-user in parallel with ‘participant symbiosis’ characteristic of ecosystem 
perspective. 
 
Similar to Europe-level, there has not been declared any vision regarding smart home by 
governmental authorities in Sweden. Although the country was pioneer enough to prepare a national 
agenda for IoT in 2014, there has not been announced any target specifically on smart homes. Still, 
Vinnova and European-level institutions support projects in smart home ecosystem where actors are 
encouraged to gather around common goals and visions, use that opportunity to create knowledge, 
learn from each other as well as improve their solutions in parallel with SNM perspective. Some of 
these projects in which Swedish actors involve in:  
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SHINE - Smart Home in an intelligent energy: Being coordinated by consortium of Noda 
Intelligent Systems and Malmö University, this project -which started in 2015 and expected to be 
completed in 2017- aims to create a system which connects energy efficient home appliances for 
system optimization in distributed energy systems. State-of-the-art IoT technologies are planned 
to be used in this project to connect the smart home with the intelligent energy system. The 
targets to be achieved by this project are listed in three levels (Vinnova, 2015b): 

 Accommodation level: A tool for greater freedom of choice and improved comfort by 
introducing smart climate zones with which households may interact 

 Building level: Optimization of the heat use of the home decrease operational costs 

 Network level: Load management of buildings helps to shave peak loads, balance the power 
profile of the network and optimize combined heat and power (CHP) plants’ usage. 

 
SHINE is a visionary example for developing usage of IoT technologies in smart homes for 
optimization of energy consumption. This aim is in parallel with energy and smart city targets of 
Sweden. Besides, it represents a good opportunity for the actors to test their products, services, 
creation and distribution of know-how in parallel with ecosystem and SNM perspectives. 

 
- Cassandra: This project initiated in November 2011 with the target of developing an open source 

decision support platform for energy saving in households by modelling energy consumption 
behavior of habitants with IoT and analytics. Having been supported by EC within the 7th 
Framework Programme for Research and Technological Development, this project is 
implemented by the consortium of CERTH Center for Research and Technology (Greece), Aristotle 
University of Thessaloniki (Greece), VaasaETT Global Energy Think Tank (Finland), Politecnico di 
Milano (Italy), Coventry University Enterprise (UK), Luleå University of Technology (Sweden), 
Cleopa GmbH (a provider of consulting services in the energy sector, Germany), Erasmus 
University (Netherlands) and Draxis (a private company offering integrated solutions in the 
broader fields of the Environment and IT, Greece) (Mitkas, 2013).  
 
The three pilot areas selected for this project are a shopping mall located in north of Italy, a 
university building in Coventry, UK and 50 households in a multi-residential building located in 
North of Sweden. The main deliverable of the project is planned to be a software platform which 
enables different stakeholders in energy sector to model the energy market so as to examine 
scenarios for specific purposes (Mitkas, 2013). 
 
Involving actors from seven different countries, Cassandra also creates a value for smart home 
ecosystem via delivering energy market modelling solution whose validity is already tested and 
approved in Sweden, UK and Italy. Additionally, the diversity of the actors show that they have 
expertise in different areas and that fosters ‘participant symbiosis’ characteristic of the 
ecosystem thanks to actors’ complementariness. 

 
- Sustainable open solutions for the smart home: The project mentions the problem that smart 

home systems are often based on incompatible technology platforms and not affordable for an 
average household. Therefore, there is still much to do so as to make a ‘true’ smart home where 
everything works together seamlessly and cost efficiently and this project aims to address these 
issues with the target of making the smart home a reality (RISE Acreo, 2017). 
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The project started in 2015 and is planned to be completed in 2017 (Vinnova, 2017a). Partially 
funded by Vinnova, this project is coordinated by RISE ICT and includes three types of actors; the 
ones owning the need such as housing companies in Gothenburg, Riksbyggen, Skebo, Mimer, 
Förvaltaren, Micasa, SABO, the city of Stockholm, the community of Skellefteå and Sundbybergs 
Urban Network; technology companies such as Inteno, There Corporation, Alleato, Telia, Weevio, 
Verisure, KTC, Mälarenergi Electricity Network, Manodo, Clayster and Skellefteå Power; and 
institutes such as RISE Acreo, RISE Interactive and RISE SICS (RISE Acreo, 2017a). 
 
The project encapsulates creating a common smart home platform in 125 apartments in five cities  
(Vinnova, 2017a) to test home automation, energy use and care services and has a goal to 
demonstrate that buildings with multiple IT services may share infrastructure and an open service 
platform has the potential to make much easier for third parties to develop new services (RISE 
Acreo, 2017). One of the deliverables of this project is planned to be open service platforms that 
will promote cooperation on ICT solutions in terms of technologies, services and business models 
in dwellings. Sharing the equipment like sensors, actuators, gateways, etc. will not only decrease 
the threshold for new entrants like SMEs to enter to the market -which will lead to better and 
cheaper services- but also reduce the environmental impact in smart home ecosystem via using 
less resources (Vinnova, 2017a). 
 
This project mainly addresses two significant challenges in smart home ecosystem; 
interoperability of different products/services and their affordability for average households. By 
introducing a platform which allows implementation of ‘one sensor’ which can be employed by 
the related players in the home instead of each actor’s installing one sensor only for themselves. 
For example, energy management service provider needs to have a motion sensor in living room 
so that the lights will be switched on/off automatically and security provider also needs that very 
same sensor to start the alarm if an intruder breaks in. In current situation, these two companies 
implement their own sensors; however, within this project there will be one sensor to be used by 
two companies. This will encourage companies towards interoperability, decrease overall costs 
of smart home systems and transition towards horizontal platforms in smart home ecosystem 
where different actors can get benefit from same resources to nurture the ecosystem. 
 

All in all, when it comes to support projects in smart home ecosystem in Sweden, to foster the growth, 
Vinnova plays an important role and supports innovation projects financially and/or providing a 
network of different stakeholders in parallel with SNM perspective. The insight of these projects 
generally show that: 
- The number of the players in smart home ecosystem in Sweden is increasing based on the 

increasing number of the actors in these projects. 
- Not only big companies but also small ones involve in these projects which is a sign of lowering 

the threshold for players to be active in smart home ecosystem.  
- Based on the variety of the backgrounds of the actors, it can be concluded that diversity is highly 

valued which supports innovation, knowledge creation and diffusion across companies, industries 
and countries. 

- Different needs and challenges inside the smart home ecosystem are addressed via enabling 
actors with different expertise which emphasize ‘participant symbiosis’ characteristic of the 
ecosystem. 
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3.3.5 Commercialization of smart home products/services, and smart home niche in Sweden 
 
Greichen stated in 1992 that the emergence of smart home market was projected to be “just around 
the corner” (Greichen, 1992). In parallel with that, in the early 1990s, there was an exhaustive interest 
in implementing smart home systems in commercial markets by attempting to establish a common 
standard which aims to enable different products/services to be linked within a home network (Peine, 
2008). At that time, the smart home field was driven by an agenda which mentioned technological 
compatibility of different components; significant actors in the field suggested their technological 
solutions for complete smart homes (Aldrich, 2003). 1990s’ attempts of different actors to enhance 
their own solutions are evaluated as ‘battle for dominance’ which is described by Suarez as “(…) 
different technological trajectories or designs, sponsored by different actors, compete for dominance 
through a process where economic, technological, and sociopolitical factors are intertwined” (Suarez, 
2004). This approach of actors contradicts with ecosystem perspective in which actors are supposed 
to have “ecosystem business models” with a focus on common goals and visions instead of “firm-
focused business models”. 
 
Due to technological paradigms’ being firmly implemented within the industries at the component 
level, none of these paradigms could establish “its” version of a smart home paradigm to become 
widespread at the field level and the standardization attempts in 1990s failed to deal with the 
significant characteristics of smart home systems such as adaptability and ‘future-proof’ness (Peine, 
2008). Starting in early 2000s, the multi-industry structure of the field organized several projects 
where prototype houses are designed and Peine (2008) refers to this strategy as a mode of ‘loose 
coordination’ of the innovation process in which actors create links between the industries in which 
they do business. While the standardization attempts in the 1990s tried to build a system paradigm 
as an introduction to the mass deployment of smart home systems, actors in the loose mode of 
coordination looked for initiating a process of mass deployment first (Peine, 2008). 
 
In early 2000s, Barlow and Venables (2003) put a market development model and argued that at that 
time there was no smart home market in much of Europe. It is also emphasized that at that time 
there was no single smart home ‘industry’ and how the smart home ‘supply chains’ and business 
models for services could emerge were unclear for that moment (Barlow & Venables, 2003). However 
by stating “The potential market for smart home products and services is now looking more hopeful 
than at any time in the past. Consumers are starting to recognise their own needs and industry is 
starting to take a more considered and mature view of how these needs could be addressed.”, Barlow 
and Venables (2003) underlined the potential of smart home market. 
 
In parallel with 2000s "loose coordination” trend and promising views of Barlow and Venables, first 
initiatives regarding smart home took place in Sweden in late 1990s. A pilot project with IT 
installations in homes was implemented by Svenska Bostäder -a housing company owned by the City 
of Stockholm- together with KTH and Ericsson in Vällingby (Hunhammar, 1998). This pilot project 
represents SNM perspective and they played an important to provide a platform to the actors where 
they can have first hands-on experience of value co-creation by getting benefit of their expertise’s 
complementing each other. The importance of these action is even more in emerging phase of 
ecosystems to nurture ‘value logic’ and ‘participant symbiosis’ characteristics. 
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Poseidon, a private housing company, renovated a multi-family house in Gothenburg with different 
technologies (Hagström, 2000). Markvärden, Gavlegårdarna and Marks Bostads -which are 
municipality-owned housing companies in Gothenburg, Gävle and Skene respectively- followed the 
trends by installing various IT systems in several homes (Sandström, 2009). 

 
As private actors, the construction companies JM and Selmer planned their own smart home projects 
together with household appliance producer Electrolux in 1999 and launched three projects namely, 
Ringblomman, Smart Living and Vallgossen (Sandström, 2009).  
 
Vattenfall -that forecasted the value of the market to reach 15 billion SEK within three years- also 
took action by founding the venture Sensel to offer intelligent home services (Vattenfall, 1999). 
 
Ericsson and Electrolux established a joint-venture company ‘e2-Home’ in 1999 with the aim of 
developing products and services for smart home. By installing various smart home systems in 
Ringblomman and Vallgossen, the company experienced an immediate rapid growth and extended 
its operations to Denmark (Sandström, 2009).  
 
However, none of the initiatives mentioned above could survive and the general setback in early 
2000s played an important role on that (Sandström, 2009): 
- Large telecom operators had invested a lot to 3G-licensing and that required them to cut down 

other investments like smart home 
- The construction companies could not guarantee any further projects before evaluating 

customers’ experiences of the technology,  
 
To sum up the first attempts in smart home niche in Sweden; although most of the actors were 
housing companies, there were also some collaborations between companies having different 
expertise like housing company and appliance company, and IT company and appliance company. 
These collaborations refers to ‘participant symbiosis’ characteristic of the ecosystem in which actors 
with different expertise involve in value co-creation activities and offer products/services which they 
would not be able to achieve alone. These first initiatives might be evaluated as a good start for 
Sweden not to lag behind global trends; yet, they could not become sustainable. 
 
Today, smart home niche in Sweden is slowly growing and it is mainly driven by the state-funded 
projects aiming to trigger successful innovations in parallel with SNM perspective via involving 
different actors in test platforms. According to Balta-Ozkan et al. (2013), “Successful innovation is the 
result of a specific socio-economic and technological constellation, i.e. the right product, on the right 
market, at the right time and in the right combination where specific requirements in terms of user 
needs, user-friendliness, price, attractive supply, standards, interoperability, and soon have to be met. 
If they are not, the commercialization will certainly fail.” (Friedewald et al., 2005). Therefore, for a 
company, having a very-well functioning system with a high value proposition thanks to a successful 
technological innovation journey does not guarantee a successful introduction to mass market. In 
order to go from R&D laboratories to market introduction, it is also needed to bridge the ‘valley of 
death’ (Schot & Geels, 2008). At this point, the actors in Sweden are enabled to simulate passing 
‘valley of death’ in safe conditions of the state-funded projects within SNM perspective via checking 
validity of their products/services and business models in terms of meeting with end-user needs, 
learning from others and improving their value propositions.  
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3.4 Workshop on Internet of Things 
 
The results from IoT workshop are evaluated in two sections; expected benefits from IoT applications, 
and use of IoT systems to strengthen the test platforms in IoT ecosystem. 
 

3.4.1 Expected benefits from IoT applications 
 
Groups representing different sectors in the workshop mentioned various benefits expected from IoT 
applications. According to the actors in energy groups, IoT can be used to track the energy data 
together with the meters, collect data about living environments such as temperature, humidity, air 
quality, etc. Additionally, the energy groups expect IoT to help implementing sustainability practices 
in terms of resource allocation, effective integration of distributed generation in homes into the grid, 
foreseeing undesirable events, e.g. blackouts, and preventing them. Therefore, the energy groups 
emphasized both technological aspects like data collection, and value creation aspects of IoT such as 
enabling sustainability. 
 
Sustainable transportation groups expect IoT to bring benefits in electric vehicle charging by enabling 
the vehicle to communicate with charging stations on the route about their availability. Besides, these 
groups expect from IoT to contribute to sustainability in terms of saving time and energy by showing 
the vehicle drivers the most time-efficient route between two destinations via collecting data about 
the traffic and analyzing it.  Besides, these groups underline that IoT can bring a value to mobility via 
enabling different business models such as ‘mobility-as-service’ in which people do not own a vehicle 
but use an app which presents the location of the available cars thanks to the communication enabled 
by IoT technologies. Therefore, these groups mentioned both technological aspects such as advanced 
communication and business opportunity aspects of IoT such as introducing ‘mobility-as-service’. 
 
Circular economy group states that IoT will bring benefits for enabling sharing transport of goods and 
people for optimum use of resources, effective collection garbage and recycled material by bins’ 
sending a signal to the municipality when the it is almost full so that they do not need to be visited 
regularly. Additionally, the group emphasize that IoT can be used to track different types of material 
and make whole recycling journey more efficient. 
 
To sum up, groups have different perceptions regarding how to get benefit from IoT; yet, all groups 
have in common that IoT is expected to contribute to sustainability in terms of increasing efficiency 
of various processes and helping to consume less resources. 
 

3.4.2 Use of IoT systems to strengthen the test platforms in IoT ecosystem 
 
According to the energy groups, IoT can strengthen a test platform in terms of collecting big amount 
of data about people’s energy usage behavior such as which appliance are used in which time of the 
day, how exactly the energy consumption of thermostats change with the climate conditions, how 
often people charge their electric vehicle at home, etc. and enabling actors to reach this data under 
certain conditions to create a value or to improve their existing value propositions. This approach 
represents SNM perspective in terms of lowering the threshold for actors to access resources which 
is encouraged to be used towards common goals and visions in the ecosystem. Besides, it fosters 
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diffusion of knowledge inside the ecosystem which is highly valued in ecosystem perspective and 
helps realization the potential of IoT systems. 

 
Sustainable transportation groups state that IoT can strengthen a test platform by enabling effective 
data collection from end-users in terms of feedback for various applications via initiating dialogs in 
digital platforms. Additionally, IoT is expected to improve the test platform by enabling behavioral 
tests which can be useful, for instance, integration of autonomous vehicles into the traffic. These 
aspects pay attention to end-user feedback about different products/services which is important for 
actors to check feasibility of their solutions. Additionally, in parallel with the ‘value logic’ character of 
the ecosystem perspective, this approach fosters value co-creation via active participation of end-
user and help actors to innovate customer-centric business models which can be argued as essential 
for successful commercialization of products/services. 
 
According to circular economy group, IoT can strengthen test platforms by helping actors with 
different expertise co-innovate technology and business models via using the same IoT infrastructure 
instead of each actors’ being obliged to install the very same equipment for their own purposes. This 
approach of circular economy group is in line with ‘value logic’ -in terms of value co-creation- and 
‘participant symbiosis’ -in terms of complementariness- characteristics of ecosystem perspective. 
Besides, this approach fosters ‘learning by doing’ and ‘learning from others’ which are underlined in 
SNM perspective. 
 
To sum up, groups mentioned various ways to strengthen test platforms in IoT ecosystem where 
different actors are encouraged to come together for value co-creation towards common goals and 
visions in parallel with ecosystem and SNM perspectives. The methods mentioned are mainly using 
IoT systems for competent data collection and analysis, enabling effective feedback collection from 
end-users regarding tested products/services and decreasing the threshold for the actors to be more 
active by enabling them to get benefit from common IoT infrastructure. 
 

3.5 Workshop on Smart Home 
 
The results from smart home workshop are evaluated in four sections; the meaning of smart home, 
expectations from smart home applications, the current status of smart home ecosystem, end-user’s 
understanding of home and view on smart home, and the prevalent status in smart home niche in 
Sweden. 
 

3.5.1 The meaning of smart home, expectations from smart home applications and visions 
 

Many actors indicated that smart home concept, how could smart home products/services serve to 
end-user’s values and what to expect from smart home applications for themselves are not clear for 
them. Never the less, actors generally expect that smart home will bring high values especially in 
health services. 
 
Actors had a consensus on the fact that the share of the new homes equipped with smart home 
applications in the market is increasing and existing homes will also need to adopt smart home 
solutions in order to keep their competitiveness. It is expected that “smartness” will become default 
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in all homes which will be driven by the market, i.e. homes which are not “smart” will become harder 
to sell. However, actors are not certain about when this would happen. 
 
Due to their uncertainties regarding smart home, in general, actors do not prefer to declare a clear 
vision. Besides, some actors shared that they have doubts about visions of some other actors                     
-especially big companies are seen unreliable by some actors-: whether other actors are trying to 
make smarter home by nurturing the whole ecosystem or to push their products/services just for 
their own benefits. This lack of trust builds a barrier which limits collaboration of different actors. 
This is very much related implementing ‘institutional stability’ characteristic of ecosystem perspective 
in smart home ecosystem. For actors, in order to gather around common vision and goals, trust is 
needed to be built in ecosystem-level. Otherwise, especially value co-creation aspect of ecosystem 
perspective and knowledge diffusion aspect of SNM perspective are hampered. 
 

3.5.2 The current status of smart home ecosystem 
 

The structure of the smart home ecosystem and value network are not clear for most of the actors. 
Generally, they have various questions like “who are the actors?” and “what kind of value is offered 
by whom to whom?”. Roles of different actors, how actors position themselves inside smart home 
ecosystem, what they are looking for, how they place their actions in smart home ecosystem in their 
own master plan, etc. are not clear for most of the actors. These kind of uncertainties are sign of the 
fact that the prevalent status of smart home ecosystem is emerging and the actors are currently 
discovering what the values are for them, and how the value network is being shaped in smart home 
ecosystem. Concerning the actor network represented in figure 15 (see appendix III), the participants 
stated that there are some actors missing such as property owner (which could be a private company, 
an individual, or a state company), infrastructure providers for telecommunication, gas and water 
respectively, retailers for telecommunication services, gas and water respectively, companies 
offering e-health services, and governmental authorities in terms of policy-makers and legal 
institutions. 
 
There is a common view among actors that big companies are not willing to change their position and 
business models due to being afraid of losing their customer relations. Indeed, the business 
opportunities in emerging ecosystems come with certain risks for especially big companies who can 
be considered having more to lose if targets are missed. Therefore, in parallel with the immaturity of 
the ecosystem, they might be reluctant to leave, change or even adapt their comfort zone (in the 
sense of proven business models and partners) before they clearly see “what is in ‘change’ for them”.  
 
An interesting outcome from the workshop was that this reluctance also applies to some small size 
companies who thinks smart home solutions might bring more harm than good to their business. 
Finding a value in transition towards smart homes may not be easy for these small size service 
provider companies. For instance, a cleaning company has currently a straightforward business 
model according to which they do the regular cleaning on mutually agreed days and send the bill to 
the property owner. On the other hand, in smart homes they will be asked to clean whenever the 
dust sensors send the signal. Although, this will be a value for the end-user, the cleaning company 
would think that it will make their business more complicated and the value in there for them may 
not be clear. This is the same case as IoT ecosystem and it can be argued that this uncertainty is 
correlated with the ecosystem’s being emerging and need for adaption of business models. 
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As an important element in smart home ecosystem, data is strongly emphasized by some actors in 
the workshop. However, the discussions regarding relevance, importance, purpose-of-use and 
consolidation of data for smart homes showed that actors are not sure whom to expect to manage 
the data flow. On the other hand, there are also some common expectations from specific actors. For 
instance, City Council of Stockholm is expected to take charge regarding standardization in smart 
home by defining a set of key performance indicators -about sustainable use of resources- to be met 
by all new homes to be built. This common expectation can be aligned with ‘institutional stability’ 
characteristic of the ecosystem perspective according to which, governmental organizations are 
supposed to take responsibility of implementing standardization and governance mechanisms. 
 

3.5.3 End-user’s understanding of home and views on smart home 
 
Some actors stated that, in the phrase “smart home”, “smart” generally refers to “smart for 
everyone”. Never the less, as some other actors declared, “smart” has different meanings for people 
with different backgrounds. In parallel with this approach; considering varying needs, priorities and 
values of different groups, customers can be segmented into several categories like elderly people, 
family with kids, couples without kids, shared homes, e.g. student houses, and those living alone. The 
actors are aware that the idea of increasing customizability of the smart home solutions instead of 
employing “one smart home for all” approach may attract more property owners and end-users to 
invest in smart home solutions.  
 
Some actors in the workshop pointed out households as the highest beneficiary in the ecosystem but 
some others did not agree by arguing that household is a small actor and cannot apply pressure to 
product/service providers. Some others mentioned property owner as the biggest beneficiary by 
stating that the property owner bears most of the investment costs and holds the power to have 
specific demands like a single platform which will be required to be used by all services providers. 
This might be an important step to foster interoperability which is currently a challenge in smart 
home ecosystem. 
 
Some actors underlined that a certain decrease in energy bills, thanks to smart home applications, 
may not be enough to motivate the households to embrace smart home products/services. 
Therefore, the actors who have direct contact with the end-users are supposed to have clear value 
proposition which are directly addressing the immediate needs of households and easy to understand 
for them. Never the less, the connection between those actors and the end-users is considered as 
weak by the majority of the participants in general. 

 
The idea of a third party’s knowing so much about what is happening inside the home might be a 
demotivating factor the end-user as a concern of privacy. However, some actors do not expect end-
users to be very strict about privacy by arguing that “if sharing their data was a problem for people, 
they would not be using smart phones at all”. This argument makes an analogy between smart phone 
and smart home. Although there might be common aspects regarding transitions from traditional cell 
phones to smart phones and from traditional homes to smart homes; for most people, smart home 
is not seen as a must -unlike their smart phone- but rather luxury. Besides, “home” can be more 
directly related with privacy than “phone” for the end-user so that the analogy might not be valid in 
the current state, and privacy must be evaluated as an important issue for the end-user. 
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It is important to underline that the perspectives regarding home change from one individual to 
another so do their willingness, motivations and concerns about smart home products/services. What 
home means to people cannot be generalized and it must be considered as their personal area. 
Besides, meaning of home is in a continuous change in parallel with some growing trends in 
accommodation business such as spread of hospitality services to homes of local people. As there 
was a consensus of the actors in the workshop; with the growth of hospitality sectors from traditional 
hotels to this direction, home starts to mean something that can be shared to open a channel of an 
extra income. Smart homes will offer values in accommodation business as well for both the property 
owner and the guests in terms of security, comfort, entertainment, etc. 
 

3.5.4 The prevalent status in smart home niche in Sweden 
 
Actors agree on the fact that the initiatives in smart home niche in Sweden are mainly driven actions 
taken within projects funded by governmental institutions such as Vinnova. As it became clear in the 
workshop, actors involve in these projects with different motivations. Big companies see these 
projects as test beds to try new business models and see the pros and cons. They mainly aim to 
experience ways to fulfill new legislations about homes, to figure out the dynamics of the ecosystem 
and how to deal with new trends rising with smart homes. On the other hand, motivations of small 
companies in these projects are basically networking with actors having different expertise, gaining 
practical experience in the field and initiating a first dialog with the end-user to get a feedback about 
their products/services. All these motivations of both big and small companies are in line 
characteristics of SNM perspective such as experimenting their products/services and business 
models in test beds and learning by doing and learning from others to improve their value 
propositions in the smart home niche in Sweden. Additionally, small companies’ motivation for 
networking with other actors who have expertise in different areas refers to ‘participant symbiosis’ 
characteristic of ecosystem perspective where actors having different expertise complement each 
other and co-create values nurturing the ecosystem. 

 
Actors in the smart home workshop pointed out several obstacles eliminating large scale smart home 
deployment in Sweden: convincing the property owner to invest in smart home systems is hard; smart 
home concept is too complex to scale up; guaranteeing “future-proof”ness of smart homes, e.g. how 
to guarantee that a home which is smart in 2017 will be considered as smart in 2020s as well, is 
difficult; and tenants are the ones who are supposed to take charge of making smart homes livable. 
In addition to these, interoperability is considered as a challenge since currently interoperability is 
provided by a third party’s involvement which might be located even in a different continent. This 
situation causes a certain delay in terms of telecommunication and the consequences may not be 
trivial in some dynamic situations such as operation of autonomous shades in a partially cloudy day, 
emergency situations like leakage of water and gas, fire, etc.  
 
Private companies’ potentially desiring to acquire all the customers in the ecosystem for themselves 
is mentioned by some actors as another reason blocking smart home niche in Sweden to thrive. 
Although having a ‘firm-focused business model’ might seem like bringing positive financial results in 
short-term, it hampers the ecosystem by causing lack of trust and eliminating value co-creation. 
Besides, in such a situation, there can be neither diffusion of knowledge nor learning from each other 
so that having a ‘firm-focused business model’ instead of ‘ecosystem business model’ also contradicts 
with SNM perspective which offers values for all actors by nurturing the smart home ecosystem.  
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5. DISCUSSIONS 
 
In this chapter, the results from literature review and from workshops are discussed within the 
conceptual framework. The chapter starts with discussions on IoT ecosystem and continues with smart 
home ecosystem. 
 

5.1 Internet of Things Ecosystem 
 

5.1.1 Expectations from IoT applications 
 
In parallel with academia, industry has expressed high expectations from IoT applications by having 
placed IoT on the top of the hype cycle for emerging technologies and having declared the potential 
economic benefits of IoT in trillions of US dollar. However, in which scale these expectations will be 
met is a debatable issue since the realization of the potential of IoT requires strong collaboration of 
the actors with ecosystem perspective which, according to the actors’ statements in the workshops, 
has not been built in current emerging phase of the IoT ecosystem. 
 
Not only high economic benefits but also various social benefits are expected from IoT applications 
in both European-level and Sweden-level. However, according actors’ statements in the workshops, 
the realization these expectations requires certain responsibilities to be taken by governmental 
authorities especially in terms of providing ‘institutional stability’ in IoT ecosystem, e.g. by introducing 
supportive regulations, standardizations, etc. 
 
Actors in IoT ecosystem have various expectations from IoT applications depending on their 
backgrounds as it became clear in IoT workshop. However, there is a common expectation from IoT 
applications to contribute to sustainability in terms of increasing efficiency of various processes and 
helping to consume less resources. These common expectations match with Sweden’s vision 
regarding IoT and provide a base for the actor to gather around same goals which is essential for 
ecosystem perspective in order to trigger value co-creation.  
 

5.1.2 The prevalent status of IoT ecosystem 
 
Although the end-user is not given a strong emphasis in the current IoT ecosystem models proposed 
by governmental authorities in the literature, a technological innovation can be defined as a ‘solution’ 
only if end-user use that product/service to actually solve a problem, satisfy a need or to get a value, 
which is also mentioned by some actors in the workshops. Therefore, different from how it is 
modelled in the literature, IoT ecosystem must be structured in end-user centric way. However, this 
does not mean creating a value network in which all the values flow towards end-user in one-way. 
End-user might even not be the most beneficiary actor in the IoT ecosystem; yet, integrating the end-
user into the ecosystem in the most active way is fundamental to keep the value flow going and the 
ecosystem growing. In parallel with this approach, it is mentioned in IoT workshop that IoT 
technologies can be benefitted to collect feedback from end-users via digital platforms. This view 
helps actors to innovate customer-centric business models which can be argued as essential for 
successful commercialization of IoT products/services and for being in line with SNM perspective via 
learning from the end-user to improve the value propositions. 
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The perceptions of scholars and actors in the field are in parallel on the fact that value co-creation in 
IoT ecosystem requires bringing actors together who might not have done business with each other 
and this represents a challenge in currently emerging phase of the ecosystem. Additionally, the views 
in academia regarding the challenges in IoT ecosystem such as lack of standardization and 
uncertainties of the actors about their roles match with actors’ perceptions shared in the workshops.  
 
In parallel with the vision in Europe and Sweden levels, the challenges mentioned both in academia 
and in the field are attempted to be addressed with SNM perspective in various projects supported 
by governmental organizations. First of all, these projects brings different actors together who might 
not have collaborated before and enable them to initiate a dialog which can further be evolved to 
business agreements outside these projects. Secondly, by valuing diversity, these projects bring 
together actors with different expertise to inspire value co-creation, co-innovation, knowledge 
creation and diffusion. Though complementariness of different actors, this aspect nurtures IoT 
ecosystem with fostering ‘participant symbiosis’ characteristic of the ecosystem perspective. Lastly, 
these projects help actors to discover the ecosystem itself, other actors, test their products/services 
and business models, which helps to decrease the uncertainties in the IoT ecosystem.  
 

5.2 Smart Home Ecosystem and Smart Home Niche in Sweden 
 

5.2.1 Expectations from smart home applications 
 
Definitions of smart home in academia mention different expectations from smart home applications 
and one is providing common communication platform which is also emphasized by actors in smart 
home workshop by stating that as a big challenge which is not foreseen to be overcome in near future. 
 
The industry presents its projections on smart home market in five segments. Among them, ‘health 
and wellbeing’ is focused in academia and ‘energy and resource management’ is focused by 
governmental authorities. However, the industry expects the most of the economic value to come 
from ‘convenience and comfort’ segment. Even though ‘convenience and comfort’ is globally 
projected to offer much more economic value than other areas, the share of different smart home 
application areas might change from one country to another depending on the values, needs and 
priorities in the society, demographic structure, country’s vision regarding smart home, etc. For 
instance, as a developed country, life expectancy in Sweden is high. Additionally, independence of 
individuals is a value in the society and providing that to elderly people is considered as a challenge 
in this aging society. Therefore, ‘health and wellbeing’ segment of smart home market can be 
expected to have higher share than global average in Sweden and may outweigh other areas in the 
country’s market. Indeed, smart home’s bringing value in health services is also underlined by the 
actors in the smart home workshop. 
 
Although the actors expect smart home solutions to bring a value in health services, they are not sure 
about what to expect from smart home applications for themselves. Still, they project that 
“smartness” will eventually become default of all homes. 
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5.2.2 The current state of smart home ecosystem 
 
Currently there are just a few attempts in academia to model smart home ecosystem and they leave 
apart some actors whose importance were underlined by the participants during smart home 
workshop, such as infrastructure providers (for electricity, telecommunication, gas and water 
respectively), retailers (for electricity, telecommunication, gas and water respectively), construction 
company, property owner (apart from the inhabitant), governmental authorities (policy-makers and 
legal institutions), and organizations contributing to R&D in the ecosystem (research institutes, 
universities, state-funded agencies). 
 
As it was mentioned in the smart home workshop by the actors, how the ecosystem is structured, 
the value network and how to place themselves in that value network, and what is in smart home 
ecosystem for them are currently not clear for most of the actors. While actors are not certain about 
their roles, roles of other actors, what to expect and what not to expect from each other, value co-
creation towards common goals and visions is hard to initiate. Therefore, the ‘value logic’ and 
‘participant symbiosis’ characteristics of the ecosystem currently needs to be improved. For some, 
this situation may be evaluated as normal due to smart home ecosystem’s being in emerging phase. 
However, to keep the growth of the ecosystem on track towards a common vision encapsulating the 
sake of all actors, some actions must be taken especially by governmental authorities to absorb these 
uncertainties with applying SNM perspective via supporting related initiatives in the ecosystem. 
 
Another aspect of the ‘institutional stability’ is about governmental organizations’ taking initiative to 
implement standardization. Related to that, actors expect from City Council of Stockholm to 
implement standardization regarding smart home by defining a set of key performance indicators -
about sustainable use of resources- to be met by all new homes to be built. This view of the actors is 
in parallel with perceptions in academia according to which emerging ecosystems require more policy 
and regulation support since actors may not differentiate a clear development direction. However, 
uncertainties regarding an actor’s how to position itself in the ecosystem might also apply to 
governmental authorities like City Council of Stockholm in this emerging phase of the ecosystem. 
Therefore, they might hesitate to take initiative as well. 
 
Big companies show ‘emerging’ status of the ecosystem as a reason not to take actions in the 
ecosystem in terms of investing in smart home products/services or adapting their business models 
according to the ecosystem. Although, they are constantly looking for opportunities in smart home 
ecosystem to monetize, their strategy is still mainly limited to “wait and see” instead of investing. 
This dilemma causes a deadlock in the smart home ecosystem. At this point, in order to accelerate 
the growth of the smart home ecosystem, a common vision needs to be stated by governmental 
authorities which can play the role of lighthouse for the actors. 
 

5.2.3 End-user’s understanding of home and views on smart home 
 
The position of end-user in smart home ecosystem is already complex and as it is touched upon by 
some scholars, it becomes even more complicated in case of there are more than inhabitants in a 
smart home as mentioned by the actors in smart home workshop. The reason is that smart has 
different meaning for each individual depending on their background, age, responsibilities, daily 
habits, values, priorities, etc. Therefore, offering a smart home product/service to be embraced by 
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all inhabitants in a home can be challenge. In order to address this, actors’ approach of increasing 
customizability of the products/services play an important role. 
 
Smart home products/services are supposed to offer more than a certain decrease in energy bills, as 
mentioned by some actor in smart home workshop, in order to motivate end-users to embrace and 
the value propositions must contribute to “feeling connected to one’s home”, as mentioned in 
academia. For instance, providing autonomous systems such as smart thermostat which learn from 
user behaviors, preferences and optimize usage of heating system could make the inhabitant feel 
more ‘in touch’ with the home. However, feeling that this autonomy is partially controlled by a third 
party, such as artificial intelligence, can trigger feeling loss of control or ‘overthrown’ or  associating 
the third party as a threat even though it aims to serve for the benefits of the inhabitant. Therefore, 
it is important to keep the balance between autonomy and end-user’s interaction. 
 
Understanding what ‘home’ means to inhabitants is considered as essential, in academia, since 
inhabitants see their home as an expression of their identity. Since every person has a different 
identity, there cannot be ‘one smart for all’, as mentioned by the actors in smart home workshop. 
This aspect plays a more important role for while ‘making smart home’ from scratch since who are 
going to live in those homes, what will be their values, prioritizations, needs, habits, preferences, etc. 
are not known in construction phase. On one hand, designing a smart home starting from scratch, 
arranging the architecture, aesthetics, construction material, appliances, infrastructure, etc. not only 
gives the freedom to come up with the most optimized system without being limited but also 
decreases the adaptation period of the end-user since smart home experience will not be compared 
with living in the same home before.  On the other hand, those homes are supposed to meet with 
the needs of different people once they are completed and making changes afterwards might be 
troublesome for the inhabitants. Therefore, designing a smart home must be inspired from the vast 
scale of identities to offer maximum flexibility.  
 
In terms of end-user’s embracing smart home products/services, ‘making home smarter’ has 
different advantages than ‘making smart home’ such as offering a variety of products/services 
continuously emerging in the market that are becoming even ‘smarter’ day by day and more 
affordable due to continuous development in technology. These can also be motivating factors for 
the end-users. 
 

5.2.4 Smart home niche in Sweden 
 
On one hand, the first attempts in smart home niche in Sweden can be considered as valuable 
learning experiences for the actors by initiating the first interactions between end-users and smart 
homes. On the other hand, these failed attempts may also be evaluated as “bad first impression” for 
both the end-users and the companies, which might have created a negative reflex decreasing 
willingness of actors to invest in smart homes even today. 
 
Today, smart home niche in Sweden is slowly rising from the ashes of late 1990s’ failed attempts 
mainly via support of governmental organizations in line with SNM perspective. Although Sweden 
has not declared a master plan regarding smart home ecosystem, governmental institutions actively 
support related projects and initiatives by providing financial resources and networking channels to 
the actors. As an important element in SNM, these actions provide a fertile soil for smart home niche 
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to grow and actors generally use this opportunity to ‘make homes smarter’ by paying focusing on 
smart home products/services to be integrated into existing homes. By valuing diversity, these 
projects brings together actors with different expertise to inspire value co-creation, co-innovation, 
knowledge creation and diffusion. This aspect nurtures smart home ecosystem with fostering 
‘participant symbiosis’ via complementariness of different actors. Additionally, these projects help 
actors to discover the ecosystem itself, other actors, test their products/services and business model, 
and that helps to decrease the uncertainties in the ecosystem. 
 
Although it is slowly growing via actors’ involvement in state-funded projects, smart home niche in 
Sweden is not thriving despite the technology innovations which is mentioned by the actors in smart 
home workshop as ‘already out there’. In smart home workshop, the fragmentation is emphasized 
by some actors as one of the reasons for smart home niche’s not thriving. Big companies’ reluctance 
to make investments but desire to grab all the customers in the ecosystem are considered as another 
reason. This approach can be considered as being ‘free rider’ and hampers the ecosystem in terms 
gathering around common vision and goals, and building trust. Such a situation also endangers value 
co-creation, knowledge diffusion, co-innovation and co-evolution and disregards the importance of 
having ecosystem oriented business models. Therefore, the fragmentation and the ‘selfish’ approach 
can be considered as inner obstacles in front of smart home niche in Sweden to grow.  
 
Considering relatively foggy atmosphere of emerging ecosystems, big companies’ expecting to see 
the outcomes for them ‘clearly’ in order to take even a small initiative might be evaluated as 
contradictory. At this point, small companies and startups might be more eager to face with 
uncertainties but their financial maturity is not as high as big companies to take certain actions. The 
fact that those holding financial power are reluctant to take initiative and those who are open to take 
initiative do not have enough resources can be put as one of the reasons of smart home ecosystem 
is not thriving despite of all the opportunities. 
 
How to guarantee ‘future-proof’ness of smart home products/services is seen as difficult by the 
actors and that can be considered as another challenge in front of mass deployment of smart homes 
in Sweden. Guaranteeing ‘future-proof’ness, customizability and interoperability may seem three 
important yet, irrelevant aspects of smart home. However, satisfying all of them is very much related 
with flexibility of smart home products/services in terms of being adaptable to new trends in end-
users’ needs and technology, being interoperable with what is already at home and offering advanced 
customer support to follow up end-user experience.  
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6. CONCLUSIONS AND RECOMMENDATIONS 
 
This chapter concludes the main findings related to each research question including 
recommendations to nurture IoT and smart home ecosystems and unlock the potential of the smart 
home niche in Sweden. Afterwards, the future work possibilities based on this study is presented. 
 

6.1 Main Findings 
 
To answer the research question “What is the prevalent status of the IoT ecosystem concerning the 
expectations from IoT applications, realization of IoT’s potential, and actors’ motivations?”, the 
following findings are relevant: 
- The IoT ecosystem is currently in emerging phase so do the related ecosystem models which are 

not sufficient enough to capture all emerging actors and the value network among different 
stakeholders. Although what IoT means and how to get benefit from it change from one actor to 
another, there is a consensus on the fact IoT systems will bring high economic value in many 
sectors via several ways such as optimizing resources (energy, labor, time, etc.). 

- Currently, how to obtain values in IoT ecosystem are not clear for the actors; never the less, 
private companies in the IoT ecosystem have been realizing the fact that they need new business 
models to seize the opportunities in the ecosystem. 

- In parallel with European-level and Sweden-level visions; governmental organizations coordinate, 
fund and support numerous projects inside IoT ecosystem and actors use this opportunity to try 
and adapt their IoT product/services, to understand the needs and values of different actors and 
innovate new business models. 

 
To answer the research question: “What is the current state the smart home ecosystem regarding the 
expectations from smart home applications, realization of smart home’s potential and actors’ 
motivations?”, the following findings are relevant: 
- The smart home ecosystem is currently in emerging phase so do the related ecosystem models 

in the literature. What to understand from the term ‘smart home’, how to scale the ‘smartness’ 
and how could smart home products/services serve to end-user needs are currently not clear for 
many actors in the smart home ecosystem. Besides, the actors are not certain about what the 
value is in smart home ecosystem for them, how the value network inside the ecosystem is being 
shaped and how to set a position for themselves. 

- Smart homes are expected to bring great benefits for the end-users in both measurable (like less 
use of resources via energy management application) and unmeasurable (feeling more secure, 
increase in comfort and life expectancy, being more environment-friendly, etc.) ways depending 
on end-users’ needs and priorities. 

- The expectations regarding business opportunities in smart home ecosystem is high; yet, it 
requires companies to change their current business models in different levels. Unlike small size 
companies, big companies are rather conservative to do that but they would not like to miss any 
opportunity either. This dilemma disables for big companies to take action -they wait and watch 
instead- and cause an inertia blocking acceleration of the growth of the ecosystem. 
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To answer the research question: “What are end-users’ understanding of home and views on smart 
home?”, the following findings are relevant: 
- End-users evaluate their homes as a part of their identity, see that as platform to represent their 

personality and as a private area where they are in charge so that they might be very conservative 
against to anything that require a ‘change’ in the ways things work in their home -even though 
that change is to be beneficial for them in several aspects-. 

- Expectation from end-user to embrace, by default, any smart home product/service that helps 
them to save money might not be satisfied. They need to see clearly how that product/service 
would affect their ‘identity’ and ‘control’ in their homes, and all these perspectives change from 
one individual to another even inside a family. 

- End-users’ view on smart home in terms of ‘making smart home’ might be different from ‘making 
home smarter’ due to each approach’s having various pros and cons. 

 
To answer the research question: “What is the prevalent status in smart home niche in Sweden in 
terms of actors’ approaches and obstacles preventing smart home niche in Sweden to thrive?”, the 
following findings are relevant: 
- More than a decade after the first ‘smart home’ attempts -were initiated by mainly housing 

companies with the approach of ‘making smart homes’ in late 1990s and failed-, today smart 
home niche in Sweden is being shaped by mainly involvement of different actors -who mostly aim 
‘making homes smarter’- in the related projects funded by governmental agencies. 

- The actors involve in state-funded project with different motivations such as understanding new 
trends and how they will affect their current business, investigating what is in smart home for 
them, and test their products/services and business models. 

- In general, actors currently lack of knowledge and practice about how to match their 
products/services with end-user needs and monetize their value propositions. In addition to 
these, interoperability of different smart home products/services, guaranteeing ‘future-
proof’ness, some actors’ being ‘free rider’ and desire to acquire all customers are presented as 
obstacles. Therefore, although the technology regarding smart home is already out there, there 
is no holistic approach concentrated on immediately meeting end-users’ ‘real’ needs and values 
with an affordable price, customization alternatives and allowing ‘plug and play’ operability with 
different companies’ products/services in smart home ecosystem. 

 

6.2 Future Work 
 
This study presents exploration of the emergence of IoT ecosystem, smart home ecosystem and 
smart home niche in Sweden in terms of actors’ involvement, vision and expected benefits, and 
attempts to bridge the gap between academia and practices in the field by using the lens of 
ecosystem and SNM perspectives. Future studies might focus on evaluating the degree of correlation 
between “today’s status, vision and expectations” and “future prevalence” of IoT and smart home 
ecosystem. Additionally, future studies might be also extending the scope of this study geographically 
by involving actors from other European countries. 
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APPENDICES 
 

Appendix I – IoT in Hype Cycle for Emerging Technologies 
 

 
 

Figure 9: Hype cycle for emerging technologies, 2011 (adapted from Gartner, 2011) 
 

 
 

Figure 10: Hype cycle for emerging technologies, 2012 (adapted from Gartner, 2012) 
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Figure 11: Hype cycle for emerging technologies, 2013 (adapted from Gartner, 2013) 
 

 
 

Figure 12: Hype cycle for emerging technologies, 2014 (adapted from Gartner, 2014) 
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Figure 13: Hype cycle for emerging technologies, 2015 (adapted from Gartner, 2015) 
 

 
 

Figure 14: Hype cycle for emerging technologies, 2016 (adapted from Gartner, 2016) 
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Appendix II – Participants having attended to the workshops 
 
IoT workshop: 
- Group 1, Energy: The participants in this group are Annelie Stiglund (Teknikföretagen), Alex 

Jonsson (KTH – Evothings), Cecilia Liljedahl Torhult (Riksbyggen), Christer Färegård (Veolia), 
Jennie Wiederholm (Hyresgästföreningen) and Maria Gårdlund (Sweco Position). 

- Group 2, Energy: Erik Algvere (Fortum), Mari-Louise Persson (Riksbyggen), Mats Rönnbo 
(Skanska), Lars Sundsvall (Sweco Management) and Peter Andersson (Veolia). 

- Group 3, Energy: Agneta Jakobsson (Teyi), Engin Kılıç (KTH - IoT ecosystem), Klas Lundgren (Xeric), 
Per Andersson (ElectriCITY) and Örjan Strandberg (STIK). 

- Group 4, Sustainable transportation: Anders Grundström (Scania), Charlotte Eisner (Charge-
Amps), Christian Douglia (InfraNode), Henric Gustafson (Elbil2020), Jan Annerstedt (Copenhagen 
Business School), Martin Spjern (Volvo) and Ulf Mattson (Qlocx). 

- Group 5, Sustainable Transportation: Camilla Lood (Scania), Christer Karlsson (RISE), Daniel 
Karlsson (SAAB Group), Jan Boström (Gaia Leadership), Susanne Bergman (Hertz), Sten Bergman 
(Elbil2020) and Tor Hofsjö (Qlocx). 

- Group 6, Circular economy: Harald Fälth (Team Hammarby Sjöstad), Helena Forsmark (HiQ), Irena 
Lundberg (SBRD), Jonas Törnblom (Envac), Selene Samuelsson (ElectriCITY), Ulf Hammarsten 
(Gaia Leadership) and Östen Ekengren (IVL). 

 
Smart home workshop: 
 
- Group 1: Jan I Markendahl (Associate Professor at ICT Department - KTH), Claus Popp Larsen 

(Head of Urban Life - RISE), Joachim Lindborg (Technical Manager – Sustainable Innovation) and 
Charlie Gullström Hughes (Architect and Researcher - KTH). 

- Group 2: Staffan Movin (Managing Director - Marketing Technology Center (MTC)), Marco 
Molinari (Researcher, Energy Technologies in Building Environment - KTH) and Engin Kılıç (Master 
Thesis Student in Energy for Smart Cities Programme - KTH). 

- Group 3: Marcus Tornqvist (Head of Energy Utilities in Nordic and Baltics - Ericsson), Alex Jonsson 
(Co-founder - Evothings; Associate Professor - KTH), Johan Falk (Head of IoT Ignition Lab - Intel) 
and Olga Kordas (Director of Energy Platform - KTH) 
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Appendix III – The Schemes used in smart home workshop 
 

 
 

Figure 15: Actor network of the Active House project 
 

 
 

Figure 16: Actor specialties in the Active House project 
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