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Abstract

There has been a trend in city development for a little under a decade for cities to
become “smart cities”, where recent innovations in technology such as big data
processing, IoT, and Al are intended to transform the way cities work to become
more efficient, more pleasant to live in, and have a better management of natural
and human resources. As many cities rush to reap the benefits of this modern
development, the need to discuss the possible consequences of this
transformation of cities through technology, and how to implement the
technology for it to have the desired effects has been pointed out in research
surrounding smart cities. This thesis looks at whether applying a platform
architecture to the infrastructure of cities can be beneficial when developing a

city into a smart city, and if so, how.

Information infrastructure theory and platform studies form the theoretical basis
of the thesis; the former is a theoretical framework for large, complex information
systems and the latter is the study of IT platforms such as Facebook, Google, and
eBay. In addition, the cases of three companies working with smart city projects,
as well as Oslo, the capital city of Norway with aspirations to become a smart
city, has been studied through interviews and document analysis. The main
conclusions are that firstly, a focus on the development of infrastructure is
important in a city that wants to become smart because the infrastructure needs
to be able to build up under the smart initiatives of the city. Secondly, that using
a platform architecture on the infrastructure of a city can make the infrastructure
more generative. Thirdly, that developing the infrastructure to be generative can
help support innovation, and can answer some of the challenges that have been

pointed out in smart city development in recent research.
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Chapter1 Introduction

The vision of the smart cities of the future is amazing. New technologies and
phenomena like the Internet of Things, big data and artificial intelligence are
thought to completely change the way in which we live our daily lives. Smart
homes will automatically make your coffee and wash your clothes in addition to
producing clean energy through solar panels. Self-driving cars are going to take
us where we need to go, fuelled by environmentally friendly energy sources like
electricity and hydrogen. Artificial intelligence and big data analysis will create a
more efficient and adaptable public transport system. Insights from vast data
sources will allow businesses to give us services that are perfectly tailored to our
needs and wishes. Pollution will be significantly reduced by smarter usage of
resources and energy saving technologies. The list of the fantastic benefits and

opportunities that technology is going to give us goes on and on.

However, together with all of the wonderful possibilities that these new
technologies offer us, there is also a host of challenges and issues that arise. How
will the privacy of citizens be guarded in a future where everything is measured
and registered? Will everyone get the benefits of these technological advances, or
are they limited to those with the resources or knowledge to use them? Who
owns the data about citizens that is generated, and what can one do with this
data? In addition to questions regarding privacy, equality, and ethics, there are
also more practical questions. City governments need to know how they should
work to make their city a smart city. They need to think about which parts of the
city they should develop, and what can be left to private companies. The
corporations and organisations that develop the services, systems and projects
that comprise the smart city needs to know how best to introduce these
potentially radical changes to a city that has often existed for a long time, and
how to change routines and processes in the city to work with the modern

technology that can make life easier.



1.1 Motivation

Smart cities are being developed everywhere in the world. Research interest in
the area has existed since the early 90’s but has not gained substantial
momentum until 2010 (Cocchia, 2014). Much of the research that has been done
has either produced attempts at defining what a smart city is, or critique against
the term and/ or its contents. Other research has studied cases of existing smart
cities and identified issues and challenges with developing smart cities. A more

detailed examination of the existing research can be found in chapter 2.

As the number of projects labelled as smart city projects increases across the
world, it is important to discuss how cities should work to become smart, which
areas to focus on, what the goals of becoming smart are, and even what is meant
by the term “smart city”. According to several researchers, there is a lack of
research surrounding smart cities, that can take these discussions (Hollands,
2008; Nam & Pardo, 2011; Neirotti, De Marco, Cagliano, Mangano, & Scorrano,
2014)

A large degree of the critique against smart cities, and several of the cities
labelling themselves as such, is that there has been too much focus on the merits
of new technology and what it can do, and a tendency to use smart city as a
positive buzz-word to label a city as future-leaning and forward-thinking
(Hollands, 2008; Nam & Pardo, 2011; Neirotti et al., 2014). Another portion of the
critique has pointed at the way in which smart cities are governed, and a lack of a
clear plan for development of a city as smart, as well as a tendency to focus only
on certain areas of city development, rather than governing the city as a whole to
be smart in all areas (Cocchia, 2014; Neirotti et al., 2014). Much of the critique
points to a tendency of using the term smart city as a self-congratulatory term,
and that cities and organisations hastily engage in the future of cities, while a

clear plan, definition, and vision are in many cases lacking.

As a response to some of the critique this thesis seeks to look at which challenges
exist with smart city development today, and through real-life cases as well as

theory suggest some ways in which these issues can be mitigated. The goal is to



take a look at smart cities beyond the futuristic vision of the possibilities modern
technology can give, and look at how existing cities with an existing mix of
people, infrastructure, and usage patterns can be governed to make the city of

today ready for the possibilities in the smart city of the future.

1.2 Research question

To be able to explore the topics listed in the previous paragraphs, I will
throughout this thesis work towards an answer to the following question: how

can knowledge from research on platforms be applied to the development of smart cities.

Modern society builds on infrastructure. Whether it is for electricity, transport,
water, sewage, telecommunications or the internet, large, complex infrastructures
support most activities humans today undertake throughout their day. This is
true for the cities of today, and this will also be true of the smart cities of
tomorrow. Because infrastructure underlies almost everything that happens in a
city, it is important that the infrastructure of modern cities is built to support the

new services and technologies that will permeate smart cities.

As a starting point for this discussion, I am going to look at smart cities and their
infrastructure through the lens of information infrastructure theory, and consider
whether the perspective and concepts from that theoretical field can be applied to
answer some of the challenges facing smart city development. In addition to this,
research into platforms has increased in the later years (Plantin, Lagoze,
Edwards, & Sandvig, 2016), and has given insight into the massive success of
large platforms like Facebook and Google. Viewing platforms as an architecture
that can be applied to any information infrastructure, I want to examine whether
knowledge from the area of platform research can be applied to the development

of smart cities to mitigate the challenges that are identified in chapter 2.

1.3 Outline

The following is a short summary of what can be found in the different chapters
of this thesis, to serve as a guide to the reader, and give a quick overview of the

contents of the thesis. Because of the nature of the data collection and analysis



where the two have influenced one another to the point where it makes more
sense to describe them in unison, this thesis does not follow the traditional
chapter division of first presenting the data before analysing it and then
discussing the results. The data is introduced in chapter 5, followed by chapters 6
to 9 which are thematic chapters where both data analysis and discussion is

presented.

Chapter 1 Introduction is the introduction you are reading right now, where I
am introducing the context of the thesis and the motivation for the research,

before presenting the research question that will be examined in the thesis.

Chapter 2 Review of smart city literature contains a literature review of the
current research on smart cities. Here I go through the general findings regarding
smart cities, choose a definition of smart city to use in the thesis, and introduce
some challenges that have been identified with how smart cities are developed

today.

Chapter 3 Theory introduces the theoretical framework for the thesis. This is
information infrastructure theory and platform theory, including important

concepts from these fields that will be discussed in the thesis.

Chapter 4 Methodology is a description of the methodology of the thesis. Here,
research paradigm, methodology, and methods are described, as well as my data

collection and analysis.

Chapter 5 Case descriptions comprises an introduction of the studied cases
where I present Oslo and the three organisations, and argue for their relevance as

cases in the thesis.

Chapter 6 Oslo’s smart city challenges is the chapter where I begin the analysis
and discussion by going through some of the smart city challenges identified in
chapter 2, and looking at whether they exist in Oslo and are perceived by the

studied organisations.

Chapter 7 The role of infrastructure in city development consists of a discussion

on infrastructure where I argue that infrastructure development is important for



city development, that governments have the ability to influence infrastructure

development, and discuss which traits are needed in smart city infrastructure.

Chapter 8 Developing smart city infrastructure as platforms is a discussion on
platforms. I argue that, in general, infrastructures can be developed to become
platforms and discuss why this can be positive for smart city development. I then
discuss what is needed for platform development in infrastructure before looking
at theoretical benefits this can provide in cities, and also benefits for the studied

cases.

Chapter 9 Developing platforms in smart cities is the last chapter of discussion
and analysis, where I look at how infrastructure owners and legislators can go
about developing the infrastructure they administrate and maintain into

platforms. I also discuss challenges that can arise when developing platforms.

Chapter 10 Conclusion and future research consists of the conclusion, where I
sum up the findings and point at some possible topics for future research to

further the inquiry started in this thesis.



Chapter2 Review of smart city literature

The term smart city emerged in academic articles in the last half of the 1990’s but
did not gain substantial mention until around 2010 (Cocchia, 2014). As the
number of projects labelled as smart city projects increases across the world, it is
important to discuss how cities should work to become smart, which areas to
focus on, what the goals of becoming smart are, and even what is meant by the

term “smart city”.

Together with the rising popularity for cities to label themselves as smart, there
has also been an increase in smart city research, where some problems with both
smart cities as a concept and the term itself have emerged. In this section, I will
first go through some proposed definitions of what a smart city is, and select the
definition I am going to use in this thesis. This will include a discussion of some
of the criticism of the term “smart city” and its usage. I will then go through
some problems with the concept of smart cities that has been discussed in recent
research, as well as some critique of how cities that want to become smart are

planning and performing their development.

2.1 What is a smart city?

2.1.1 Smart city as a fuzzy concept

According to several researchers, there is little to no consistent usage of the term
smart city between those who use it to label cities and initiatives as smart. There
is also a lack of academic research in the field (Hollands, 2008; Nam & Pardo,
2011; Neirotti et al., 2014). Hollands (2008) criticises how different cities use the
term to label a large range of different initiatives, from more efficient
transportation systems, through attracting technological businesses, to green
initiatives to reduce pollution and improve waste handling. The article
problematizes the usage of the term for initiatives that it can be argued are in
conflict with each other (e.g. economic growth and reducing environmental
footprint) and also what Hollands calls a self-congratulatory tendency, “what city

does not want to be smart or intelligent?” (Hollands, 2008, p. 304).



Nam and Pardo (2011) begin their article by pointing to many positive effects
from smart city initiatives, describing how different cities has experienced
economic growth and solutions to problems with ageing infrastructure and
traffic congestion. However, they too problematize the lack of a clear definition in
the usage of the term. According to these researchers, the smart city concept
builds on several related concepts, across three dimensions of technology, people
and community. These concepts, such as digital city, intelligent city, creative city,
learning city, wired city and several more (see Nam and Pardo (2011, p. 284) for
their list), are not clearly defined, the lines between them are blurred, and they
are interdependent on each other. Because the concept of smart city builds on
several of these related concepts, and different ones depending on whom you

ask, a shared definition of what a smart city is, is hard to pin down.

Both Cocchia (2014) and Nam and Pardo (2011) claims that much of the confusion
with the definition of the term stems from the unclear meaning of the word
“Smart”. Nam and Pardo (2011) states that “Smart” has replaced “Intelligent”
because the latter has elitist connotations. They also point out that “Smart” has
different meanings with regard to city planning and technology. In city planning,
smart solutions are forward-thinking effective solutions, while smart technology
is technology that emulates intelligence. Cocchia (2014) also identifies smart city
as a “fuzzy concept”, that is used in inconsistent ways by cities that label

themselves as smart.

2.1.2 Possible definitions

I will now present how I define what a smart city is in the context of this thesis,
based on the above literature. As was established in the previous section, the
exact definition of what a smart city is has yet to be established, and there are
several possibilities. Cocchia (2014) identifies nine different definitions in her
literature analysis. These nine definitions are much quoted in the current body of
literature surrounding smart cities. Seven of these contain an emphasis on the
human element of smart cities in addition to the technological aspect, while four

have an additional emphasis on the environment.



Cocchia (2014) notes that there seems to be little emphasis on the environmental
effect of smart cities in academia, while cities labelling themselves as smart place
a large emphasis on this in their projects. Early use of the term “smart city” seems
to denote initiatives and projects that aim to improve the quality of life in urban
areas, but this is problematic as almost any project can be placed into this
definition (Cocchia, 2014). Later it seems like there is a convergence on the fact
that technology needs to play a part in a project for it to be labelled “Smart”.
Taking into account the three dimensions Neirotti et al. (2014) identifies,
technology, people and community, it seems the definition should contain both
technology and people. Consequently, a positive environmental effect is one of
the things that can be achieved with smart city projects, while that does not
necessarily have to be the goal, and thus, environmental concerns need not be a

part of the definition.

Of the nine definitions listed by Cocchia (2014), some of them are not relevant to
this thesis because they place too large an emphasis on technology and little to no
focus on the human side of smart cities. Of the remaining definitions, the author
notes that some of them are becoming standard definitions through being the
most cited ones. Of these, the definition made by Caragliu, Del Bo, and Nijkamp
(2011) is the one that I find to satisfy best the criteria of including a focus on both
people and technology, and that defines which outcomes are necessary for a
project or city to be labelled smart. It is also a definition that explains what is
meant with the adjective “smart” in relation to cities, which has been lacking in
the usage of the term as described above. This also seems to be the most cited of

the ones listed by Cocchia (2014).

2.1.3 Chosen definition

We believe a city to be smart when investments in human and social capital and
traditional (transport) and modern (ICT) communication infrastructure fuel
sustainable economic growth and a high quality of life, with a wise management of
natural resources, through participatory governance.

Caragliu et al. (2011, p. 70)



Even though the definition states that it is a definition for when a city is smart, I
will also use this definition for discussing whether a project or product is smart,
by looking at whether the project involves investment in human or social capital
or infrastructure, and whether it seeks to or has led to the outcomes listed in the
definition. Building on the critique and thoughts from Cocchia (2014) and Nam
and Pardo (2011), an important aspect of a definition of smart cities is that it
should both delineate what can be considered a smart city or a smart city
initiative, while also not being limited to high technological solutions and
implementations, and taking human capital into account. The definition from
Caragliu et al. (2011) does this by specifying that both human and social capital,
as well as ICT and traditional infrastructure, are important parts of a smart city.
While participatory governance is mentioned in the definition and can be an
important and interesting topic when discussing smart cities, it is outside the
scope of this thesis, so I will not use nor discuss this part of the definition any

further going forward.

While Caragliu et al. (2011) defines “smart” in relation to cities and clarifies what
the adjective means in relation to cities, I am going to use the adjective to describe
technology and city planning as well. When used in these contexts, the
definitions of smart will be the ones described by Nam and Pardo (2011), as
mentioned earlier in this section. This means that smart technology is technology
that emulates intelligence, while smart city planning denotes modernity and

effectiveness.

2.2 Smart city challenges

As well as the critique against the fuzzy definition of what a smart city is, there
are other problems with the concept of smart cities, and also challenges related to
their development that has been pointed out by researchers. I will go through the
criticism in this section and identify major challenges and problems with how
smart cities are currently developed. These challenges pertain to social
consequences and potential inequality, too much focus on technology, lack of

holistic planning, and lack of governance. The challenges related to social



consequences and technology will be discussed in section 2.2.1, and the
challenges related to a lack of holistic planning and a lack of governance will be

discussed in section 2.2.2.

2.2.1 Social consequences and too much focus on technology
Hollands (2008), Nam and Pardo (2011) and Neirotti et al. (2014) are all critical to
the amount of focus given to the technological aspect of smart cities, with too
little attention given to the impact of smart city initiatives on the community in

the cities where they are implemented. Hollands (2008) states on page 315 that

“(...) progressive smart cities must seriously start with people and the human
capital side of the equation, rather than blindly believing that IT itself can

automatically transform and improve cities.”

He points out that in several cases, a sort of class divide has been created in cities
where technology plays a prominent role, creating a highly mobile, well-
educated creative class, and a large service class who works to provide services
and entertainment to the creative class. In these cases, Hollands (2008) states that
the smart initiatives often increases the quality of life for the creative class, while

a large part of the citizens gets little to no benefit.

2.2.2 Projects controlled by different entities and split focus
Cocchia (2014) describes how most smart city projects and initiatives to date are
initialized and controlled by various, separate entities. Consequently, the smart
cities that exist are largely a result of bottom-up initiatives where the smart city
emerges over time, with little central planning or control. According to the
researcher, a top-down governance and plan of the smart city projects are

necessary for their success.

Neirotti et al. (2014) have touched upon something similar. They state that there
are two separate «streams» of smart city development today. One is focused on
the “soft” part of a smart city by which they mean elements which pertain to the
education of citizens and promoting entrepreneurship. This stream is largely a

result of bottom-up initiatives. The other stream is focused on the “hard” part of

10



a smart city and concerns itself with smart energy grids and transport
infrastructure for instance. This stream is largely top-down initiatives controlled
by the city authorities. Neirotti et al. (2014) claim that cities tend to follow either
the hard stream or the soft one and that a combination is necessary for success in

the smart city projects. Both

Neirotti et al. (2014) and Cocchia (2014) are both critical of the fact that too much
control of smart city projects is in the hands of separate bodies, and that a clear
governance of the projects and initiatives from city, region or national authorities

is needed.

All of the aforementioned issues are important and interesting to address when
developing and discussing smart cities. However, they pertain to different sides
of smart city development, and there probably does not exist one solution that
can answer all of them. Because I am exploring how infrastructure development
can help the development of smart cities, I will limit my further discussion in this
thesis to the challenges that I believe can be mitigated or discussed within the
context of infrastructure development and platform architecture. This includes
the challenges related to the separate streams of smart city development (Neirotti
et al., 2014), the lack of a clear governance from authorities (Cocchia, 2014;
Neirotti et al., 2014), and the fractured bottom-up development in many smart
cities (Cocchia, 2014). The critique pertaining to the dominating technology focus
and potential social inequality will not be discussed to any great extent in this

thesis.

2.3 Summary

In the above sections, I have described several challenges with the way the term
“smart city” has been used, and how it lacks a clear definition. I have then
identified a definition from existing literature, that incorporates what has been
described as important elements in research into smart cities, including a focus
on both people and technology, and outcomes related to quality of life,
sustainability and economic growth. I have also discussed criticisms of the

current development of smart cities, such as too much of a focus on technology, a
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lack of discussion and understanding of social consequences, a current bottom-
up development from uncoordinated actors, as well as a lack of a clear plan and
governance from authorities in smart cities, and a tendency from authorities to
focus either on hard (infrastructure) or soft (values, education) streams of smart

city development.

Three of these challenges will be discussed, the exception being the challenges
related to social inequality and technology focus, as these are outside of the scope
of this thesis. I will now continue introducing the theoretical framework I am

going to build on going forward.
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Chapter 3 Theory

In this chapter, I will introduce the theoretical framework that will be used in the
analysis and discussion in chapter 6 through 9 later. I am going to start by
discussing information infrastructure theory, explain the concepts of that theory,
and introduce the ones that will be important to this thesis. I will then continue

by introducing theory and concepts related to platforms.

3.1 Information Infrastructure Theory

Information infrastructure theory is an information systems theory that emerged
to describe large and complex information systems, that could not be adequately
described and discussed within existing research theories and frameworks
(Hanseth & Lyytinen, 2010). According to Plantin et al. (2016), infrastructure
studies emerged from two separate research perspectives. The first one is a
historical perspective, in which researchers seek to understand how large
technical systems develop over time, to become gradually more interconnected
and complex, and how they evolve into infrastructure. The second perspective
takes a phenomenological and sociological perspective on complex information
systems, looking at how interactions within and between infrastructures happen,
and their relation to the societies and contexts they operate in. (Plantin et al.,

2016).

Information infrastructures are large IT systems that have evolved to become
infrastructure, in the same sense as railroads or electricity grids are
infrastructures. Infrastructure is not a thing or an object in and of itself, but
systems can become infrastructure in relation to people, organisations and work
practices (Star & Ruhleder, 1996). According to Star and Ruhleder (1996),

infrastructure is characterised by the following;

It is embedded in the sense that infrastructure is a part of other structures. It is
hard or impossible to see where the infrastructure ends. It is transparent, meaning
that it does not need to be prepared or assembled to support tasks, it is readily

available. Infrastructure is spatially or temporally stretched in reach and/or scope,
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reaching beyond a single event, or one location. The use and practices, the
knowledge about infrastructure is learned as part of membership in a community.
Infrastructure has links with conventions of practice, it is both shaped by and shapes
conventions in the community it exists in. It is an embodiment of standards, as
infrastructure changes and shifts to support diverse needs and contexts, its’
transparency and connection to other infrastructure is upheld by standards.
Infrastructure is not created from scratch but is rather built on an installed base of
existing systems and infrastructure, inheriting strengths and weaknesses. Lastly,
infrastructure is invisible to its” users, and it only becomes visible upon breakdown.

(Star & Ruhleder, 1996)

Information infrastructures (IIs) are defined by Hanseth and Lyytinen (2010) as a
“shared, open, heterogeneous and evolving socio-technical system, consisting of
a set of IT capabilities and their user, operations and design communities”
(Hanseth & Lyytinen, 2010). Information infrastructures are recursively
structured according to the authors of the definition, in that IIs consist of
platforms, technologies, people, systems and organisations that are themselves
IIs. They can also never be designed in the traditional sense that one or a few
designers have control over how the system will turn out. Different entities have
control over different parts of the system at different times, and design of the Il is
almost exclusively done through negotiation and shared agreements. A
consequence of this is that it is very hard, if not impossible for an II to be changed
in a top-down process where a designer or controller of the II dictates how it
should evolve. Rather, change happens as a combination of expected and
controlled, and unexpected and uncontrolled agreements on designs, standards
and regulations that diffuse throughout the infrastructure (Bygstad & Hanseth,
2010; Hanseth & Bygstad, 2015).

According to the definition by Hanseth and Lyytinen (2010), an II is shared in the
sense that it is used and utilised by multiple communities in diverse and
sometimes unexpected ways. It is open because the boundaries around it are

fuzzy. There is no clear distinction between who can use it and who cannot, and
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also unclear who can design it and who cannot. In addition, new components can
be added to the II and integrate with existing components in ways not intended
by the designers of those components. The heterogeneity stems from the
sharedness and openness, as diverse components and communities are added to
the II over time, utilising different technologies and standards, the heterogeneity
will increase. Lastly, they evolve also because of the openness, through the
shared control of the system and possibility of “anyone” to add new components
to the system, it will evolve with new (both expected and unexpected)

functionality over time. (Hanseth & Lyytinen, 2010)

Continuing with the definition, Hanseth and Lyytinen (2010) defines everything
that is currently a part of the socio-technical system the “installed base”. It is both
a constraint because any new component that should be added to the system
needs to be compatible with the installed base, but it is also a driver of innovation
in an I because components of the installed base can combine and function with
each other and new components in unexpected ways. This is related to the

concept of generativity that will be described later.

Apple’s app store is an example of this unexpected innovation. According to the
biography of Steve Jobs, written by Walter Isaacson (2011), Apple originally
intended to distribute the iPhone with a limited set of applications, developed by
Apple. A community of individual developers, however, managed to circumvent
the restrictions Apple had put in place and were able to develop their own native
applications to run on the iPhone. Because of this, Apple saw themselves forced
to reduce the restrictions, and allow third-party developers access to distribute
their own applications through an Apple-controlled application store. The
combination of developer interest and capabilities in the iPhones operating
system generated third-party applications that were not originally intended by
Apple. This consequence, in combination with the existing media store Apple
had available through iTunes, generated the vast library of third-party

applications that exist in Apple’s mobile ecosystem today.
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3.1.1 Stability and change

Per the definition of information infrastructures, they consist of an installed base,
which all new components need to be made to fit with. Hanseth and Lyytinen
(2010) state that when designing an information infrastructure, what is done is
not to create and design something new. This is because, as described by Star and
Ruhleder (1996), infrastructure is embedded into other infrastructure, and built
on an existing installed base. And as described in Hanseth and Bygstad (2015)
and Bygstad and Hanseth (2010), top-down control of the development of
information infrastructures is hard, if not impossible. Rather, what is done is a
cultivation of the installed base, making the new components fit with and interact
with the existing base in order to create the wanted and or needed results. This
continuous cultivation of the installed base throughout the lifecycle of the II is

what makes it evolve.

In information infrastructures, there is a constant tension between stability and
change, or between standardisation and flexibility (Hanseth, Monteiro, &
Hatling, 1996). This tension emerges from the fact that stability /standardisation
and change/ flexibility both depend on and contradict each other (Hanseth &
Bygstad, 2015). Stability through standardisation facilitates change and flexibility
by making it easier to develop new components and standards on which to base
these components. At the same time, these added components will inevitably
introduce a need for change in the system and its existing components (Hanseth
& Bygstad, 2015). Simultaneously, information infrastructures need to change
and evolve to survive, but all the components of an II cannot change at the same
time if the system is to stay operative. In other words, some components will
need to change to make sure other components are stable, while some
components will need to stay stable so that others can change (Hanseth &
Bygstad, 2015). This means that an information infrastructure needs to have clear
and stable standards to make sure the Il itself remains stable, while also being so

flexible that it can change.
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3.1.2 Emergence and generativity

As mentioned earlier in this section, components in an information infrastructure
can combine in new and unexpected ways to generate outcomes not intended by
the creators of the components, or the components that initiated the outcome.
This concept where new properties or functionality appear, seemingly
unprompted, is called emergence (Henningson & Hanseth, 2011). The process by

which this happens is called generativity (Zittrain, 2006).

In the context of generative technology, Zittrain (2006) writes that the word
generative “(...) denotes a technology’s overall capacity to produce unprompted
change driven by large, varied, and uncoordinated audiences”, and further
“Generativity is a function of a technology’s capacity for leverage across a range
of tasks, adaptability to a range of different tasks, ease of mastery, and
accessibility” (Zittrain, 2006, pp. 1980-1981). A technology’s capacity for leverage
refers to how the technology enables possible results that would have been hard
or impossible to achieve without it. The adaptability is how easily (i) the
technology can be applied across a range of different use cases and contexts
without being modified, and (ii) how easy it is to modify the technology to apply
to other contexts and use cases. Ease of mastery pertains to how easily and fast a
new user can adopt the technology as well as how easily they can change it to fit
their own needs, and lastly, accessibility refers to how easily potential users can
get hold of the technology as well as the information needed to use it. (Zittrain,

2006)

According to Zittrain (2006), generativity emerges in information infrastructures
through generative relationships and generative mechanisms. Generative
relationships are broadly described as the discourse between different entities in
a system, and how these entities discuss and interpret different artefacts or
technologies in different ways. Generative mechanisms are processes in a system
in which components with generative properties interact with each other in novel
ways, also described as structures of parts working together to create an

outcome. Zittrain (2006) argues that a generative information infrastructure
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should be backed by a generative architecture, which is an architecture that is
designed to be generative by having a capacity for leverage, being adaptable,

easy to master and accessible.

In information infrastructure theory, emergence has been discussed through
Assemblage Theory, which is a complexity theory created by Manuel DeLanda
(2006). The application of assemblage theory to information infrastructures has
been discussed by Henningson and Hanseth (2011), and it is their article I will
base my use of concepts from assemblage theory on. This theory views complex
systems as assemblages of components, where one can view the assemblages at
different levels, and where components of one assemblage can in themselves be
assemblages, much like the way information infrastructures are seen as
recursively structured. Assemblage theory explains the concept of emergence in
systems by separating the properties of a component, from its capacity to interact
with other entities. The former is what defines the component, and what is
known about which properties it has. The latter is hidden until exercised,
meaning that one cannot know which capacities that lie latent in a component
until they emerge in an interaction with another component (Henningson &

Hanseth, 2011).

When describing the cases later in the thesis, I will focus on information
infrastructure control as well as generativity. Control is an important aspect as it
is related to how both the local government in a city as well as the owners of
different smart city projects can control the evolution of the information
infrastructure they are cultivating, and aspects such as how to control, what to
control, and who should control which parts are of interest. The concept of
generativity is related to how one can make the city adaptable to change, and
open for innovation, while still keeping it stable and predictable for all actors

involved

3.2 Platforms

I will now introduce two streams of platform research; platforms as a system

architecture, and platforms in a broader market perspective. The definition of
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and research of platforms as an architecture is what I will mostly base my
discussions in this thesis on. However, the market perspective also looks into the
mechanisms that have been the drivers of platform development in today’s
society. I believe these mechanisms to be important to understand as a basis for
the discussion of developing infrastructure as platforms because the mechanisms
behind the development of platforms in a market environment need to be
understood and to some degree replaced or replicated in a monopoly

environment, to be able to develop infrastructure into platforms.

As mentioned above, there are two separate streams of platform research, one
that focuses on platforms as a technical system architecture, and another that in
addition to the architecture focus, looks at the market dynamics a platform
system operates in. I am going to describe both of these in the following
paragraphs. It is hard to find a shared definition of what a platform is. The term
seems to have been used within the realm of information systems in the mid-
1990s, as Windows was described as a platform by Microsoft, and as Netscape

described their browser, Navigator, as cross-platform (Plantin et al., 2016).

In the field of information systems research, and in the field of media studies, the
concept of platform denotes an architecture, as can be seen in, among others
Plantin et al. (2016) and Bygstad and D'Silva (2015). This concept of architecture
will be described further down. There is another stream of research on platforms,
that uses the architectural definition to varying degrees to denote a platform,
however this stream is also focused on the market dynamics that relate to
platforms, and subsequently do not see platforms as just an architecture, but the
architecture, as well as the market dynamics and structures that relate to
platforms. This stream can be seen in - among others - Tan, Pan, Lu, and Huang
(2015) and Tiwana (2013), and will also be discussed further down in this section.
I will start by describing the platform architecture, as this is common between the

two research streams.
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3.2.1 Platforms as a system architecture

Conceptually, a platform consists of three elements; core components that are
stable and low in variability, complementary components that are highly variable
and unstable, and interfaces between the core and complementary components
that enable modularity between them (Plantin et al., 2016). The core components
are developed and maintained so as to give support to the functionality of the
complementary components. Communication between the two happens through
interfaces that are clearly defined, and through which the complementary
components can leverage the capabilities of the core components. The main
benefits of this architecture are the reusability of functionality from the core
components, and the removal of complexity from the complementary

components (Plantin et al., 2016).

As an example, take a computer operating system, such as Microsoft’s Windows.
There is a lot of complexity associated with creating a computer that is useful for
any purpose. As computers basically work by sending electrical signals to and
from tiny transistors, there needs to be a translation from the electrical signal
interface, to an interface that humans can use and understand. There is also a
very limited set of things that a computer can do without additional
programming, which mostly consists of reading and writing series of binary
numbers, and doing basic mathematical operations on these numbers like
addition, subtraction and multiplication. To make the computer useful for a
purpose such as browsing the web, it needs a program that can utilise the
capabilities that are built into the hardware that allows for networking and input

and output to and from the user.

However, other kinds of computer usages would benefit from the same
networking and input/output (IO) capabilities. Instead of two separate software
vendors creating their own hardware for networking and IO, and creating their
own software to interface with the different kinds of hardware that exist,
operating systems like Windows are created. The operating system abstracts

away the differences in interfaces between different kinds of hardware and
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contains the software needed to make the computer hardware work together to
do complex things like networking, receiving input, writing output to a screen or
hard drive, etc. The operating system then has interfaces created for different
programming languages, that can be utilised by application developers. In this
way, a software vendor that wants to create an internet browser can create it to
work with the interfaces for Microsoft Windows and can utilise the networking
and IO capabilities that are already created, which saves time during
development and also removes a lot of complexity from the internet browser

application.

Platforms can be viewed as recursively structured and hard to delineate, just like
information infrastructures (see the previous section). To exemplify this; in the
example of the Windows platform, in my description above, the platform core
can be viewed as the combination of hardware and operating system, while the
complementary components are the applications running on the operating
system. However, hardware platforms exist as well. Going into the nuances of
different kinds of hardware would be outside the scope of this introduction to
platforms, but in many ways, the hardware components can be seen as a core
with interfaces, and the operating system builds on this hardware platform, to
create the interfaces to the applications. This means that from the perspective of
the software developers, the operating system and hardware is the core platform,
while from the perspective of the operating system, the hardware is the core

platform.

3.2.2 Technology platforms as market structures

In the view of platforms as an architecture, described above, the three parts that a
platform consists of are the core components, the interfaces and the
complementary components. The core components are highly stable and with a
large degree of complexity. The complementary components are highly unstable
and constantly changing, but with a small degree of complexity. The interfaces

are well-defined and allow for communication between the two groups of
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components, allowing complementary components to utilise the capabilities in

the core.

Before I start describing the separate stream of research on platforms as a market
structure, I have to address a difference in terminology. In this view of platforms,
the term platform is analogous to the core components in the architecture view.
The combination of the core components, the interfaces and the complementary
components is called a platform ecosystem (Tiwana, 2013). Because I will mostly
use the architectural focus later in this thesis, I will continue to use the terms of
core components, interfaces, complementary components and platform as they

relate to the architecture stream of platform research.

In the platform research that has a focus on market dynamics, the owner of a
platform is called the sponsor of the platform (Tan et al., 2015). The sponsor has
the responsibility and privilege of developing the platform core and creating the
interfaces to be used by the complementary components. The sponsor creates and
maintains the rules for usage of the platform for the different user groups, and
decides who gets access. According to Tan et al. (2015) platforms are two- or
multi-sided, which means that at least two, and often several groups of

stakeholders gain advantages by being part of the platform.

To continue with the example of Windows that was introduced earlier, the
Windows platform can be seen as a multi-sided market. This is because a)
hardware manufacturers like Dell and HP can create computers that will be able
to run an operating system and software that users want to and need to use, b)
software developers are given access to an operating system that users want to
use, and that can run on standard hardware, which makes their software
available to a large group of potential users, and c) computer users gain the
advantage of being able to choose what kind of PC they want to buy, and get a
familiar interface regardless of manufacturer, as well as getting a large library of

software that they can install.

The sponsor of the platform also gains advantages from the development of the

platform; often the platform sponsor earns money in some form by the fact that
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other stakeholders use the platform. In addition, as the platform grows and
becomes harder to compete with, the sponsor will have cemented their hold on
the stakeholders (Tiwana, 2013). Microsoft earns money on licensing of windows,
and also the revenue that is generated for them when users buy applications,

movies, music and other things through the windows store.

3.2.2.1 Network effects and bootstrapping

The benefits the different stakeholders get from being part of the platform (or
platform ecosystem in the market platform terminology), differs from platform to
platform. However, what is common to these benefits is that they depend on a
certain amount of stakeholders before they are useful. To put it in the words of

Tiwana (2013):

A platform cannot attract app developers unless it has a large base of end-users,
and a large base of users is unlikely to join unless a platform has a large variety of

apps available that end-users perceive as valuable (Tiwana, 2013, p. 41).

The author calls this the chicken-or-egg problem, the same phenomenon is called the
bootstrapping problem in information infrastructure literature (Hanseth &

Lyytinen, 2010), and I will call it bootstrapping here as well to be consistent.

Another way to put this is that platforms depend on network effects to be useful
and to grow. Network effects can be both positive and negative. Positive network
effects are when each new user on a platform increases the usefulness of the
platform for every other user, while negative network effects are the opposite;
each new user subtracts from the usefulness for all other users (Tiwana, 2013).
Network effects can also be same-sided or cross-sided. Same-sided is when an
added user increases the value of the platform for the side of the platform that
the user joins (a new user on Facebook increases the usefulness of Facebook to
other users, because the possibility of connections they can make is now higher),
while cross-sided network effects affect another side of the market than the one
the user joins (a new user on the Windows platform means more potential buyers
for software vendors) once the number of users on a side increases enough and

reaches what is called critical mass, the network effects become a self-reinforcing
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process, where the addition of new developers or users will lead other users and
developers to adopt the platform (or in the case of negative network effects, leave

the platform) (Tiwana, 2013).

3.2.2.2 Lock-in

The last concept I want to discuss in relation to market platform research is the
concept of lock-in. The concept was explained in the section on information
infrastructure and denotes the perceived or actual cost that would be incurred by
users of a platform (or information infrastructure) if they wanted to leave the
platform and potentially move to a competing one. While this is a phenomenon
that occurs in information infrastructures and is generally viewed as a bad thing
from the perspective of users, it is something that platform sponsors want to

occur in their platforms, to keep users from moving to a competitor (Tiwana,

2013).

Tiwana (2013) describes two kinds of lock-in that occurs in platforms. The first
one is called coercive lock-in, which is a method in which the platform sponsor
increases the cost of switching to another platform to keep users on its own
platform. This kind of lock-in can according to the author be bypassed by
creating gateways to the competing platforms and is usually not effective in the
long run. The other kind of lock-in is called value-driven lock-in, where the
platform sponsor makes the value of the platform so big to its users that it is not

appealing for them to move to another platform.

3.2.3 Summary

To summarise, platforms can be viewed either as a system architecture or as a
way to structure a system both technically and govern it market-wise. In both
these views, the platform consists of a core of stable and complex components,
with complementary components with a small degree of complexity, but a high
degree of variability, that leverage the capabilities of the core components

through interfaces.

When looking at a platform in the context of a competitive market, the concepts

of multi-sidedness, network effects and bootstrapping are important; platforms
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give benefits to multiple groups of stakeholders as a consequence of a lot of users
in the different groups. The benefit for one group is dependent on the size of the
other group(s), and because of this, none of the groups wants to join unless they

perceive that the other group is already large.

Lock-in is also important, as a mechanism for keeping users on the platform.
During the rest of this thesis, I will mostly utilise the view of platforms as
architecture, and as such, the concepts of core components, interfaces and
complementary components are the most important ones introduced in this
section, with regards to the rest of the thesis. As I mentioned in the introduction
to this section on platforms, I believe it is important to introduce the concepts
related to how platforms evolve and grow in a market environment to discuss
how these mechanisms can be replicated or replaced in a monopoly environment.
The reason I am utilising the platform definition as an architecture and not the
definition as a broader market structure is that I believe that infrastructure can be
developed into platforms even within the frame of often being monopolies. This
entails that the discussion on platforms will mostly be based on the technical

architecture of the infrastructure.
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Chapter4 Methodology

This thesis is placed within the field of information system research and is
performed as a multiple case study within the interpretive paradigm, using
interviews and document analysis as methods for data collection. I will now
describe these elements and the reason for my choice of paradigm, methodology
and methods. As stated in the introduction, my research question is how can
knowledge from research on platforms be applied to the development of smart cities, and 1
will base the discussion on how methodology and methods are fit to answer this

question, as well as discuss these things in relation to the interpretive paradigm.

4.1 Research paradigm

Research paradigms are collections of philosophical assumptions that underlie
research within that paradigm. The interpretive paradigm is underpinned by the
assumptions that one cannot access reality directly, and cannot examine reality
objectively. Rather, access to reality is only possible through social constructions
such as language, documents and shared meanings among others. In addition, an
interpretive researcher acknowledges that the examination of reality is always
subjective to the researcher's interpretations, biases and values (Klein & Myers,

1999; Myers, 1997).

This thesis is mostly based on theoretical discussions about how knowledge from
information infrastructure studies can be applied to the development of smart
cities. However, to increase the understanding of the opportunities and potential
problems with developing infrastructure in this way, I want to understand what
the ones who develop infrastructure think about it, and how they are developing
the infrastructure currently. To put it another way, a theoretical discussion of
how cities should be developed does not contribute much to society if the theory
does not have relevance to actual challenges, and because of this I want to
examine and discover real-world challenges and issues, and look at whether the
theory I employ can actually solve these issues. This entails understanding plans,
thoughts and wishes that exist within organisations and among individuals,

which cannot be examined directly, but rather has to be understood and
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examined through the descriptions given to me by the people and organisations

that are working with them.

4.2 Methodology and methods

Case studies are a way of learning by examples and according to Flyvbjerg
(2006), examples are an integral part of the learning process of all humans. It is a
way to learn about a phenomenon, structure, or something else in a context-
dependent way. Case studies are a good way to gain deep insight and knowledge
about an object of study. In the context of information systems research, case
studies are well suited to investigate and understand the system that is studied in

the context of the organisation or community it exists in (Myers, 1997).

These same reasons are why I believe case studies to be a good fit for this thesis.
As discussed above, the thesis has its basis in theoretical discussions on how
knowledge from platform research can be applied to the development of smart
cities. Further, I discussed the wish to highlight the possibilities and challenges of
this theoretical discussion in real-world instances of infrastructure development.
Because of this, I believe that doing a case study of multiple cases is a well-suited
methodology, as it allows me to understand and highlight possibilities and
challenges from different angles of modern smart city development, and use this
deeper understanding of a few particular cases to discuss the merits of the

theoretical discussion.

This is what Stake (2005) calls a multiple case study, or a collective case study, as a
collection of cases that are interesting to gain knowledge of a broader class of
cases. In this instance, this means studying three cases of smart city infrastructure
development to gain insight that can hopefully be applied to the broader class of
smart city infrastructure in general. The study is also an embedded case study,
which consists of a main case, with a focus on several embedded cases within the
main case (Stake, 2005). In this instance, it is the city of Oslo that is the main case,

with several infrastructure cases from Oslo that are also studied.
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According to Myers (1997), interviews and documentary materials are the
primary methods for data collection in case studies. These are also the ones I
have used, as the most conveniently available sources for understanding the
cases I have studied. Crang and Cook (2007) describes the goal of interviews,
from the perspective of ethnography, as getting detailed knowledge and
understanding of the contents of people’s everyday lives, as well as the context
these people live in. Although this is not an ethnographic study, the rationale
behind interviews remains mostly the same; it is a way to gain an insight into the
perspectives and thoughts from the people working with infrastructure
development and to understand the context of the infrastructure from their point
of view. Document analysis serves as a form of triangulation, as a way of
gathering background information and context from another source than the

interviewees.

Triangulation serves two purposes in a case study according to Stake (2005). The
first purpose is that collection of data from different sources can allow the
researcher to gain more confidence in his or her interpretations of the data if
one’s interpretations can be backed by several independent sources. Secondly,
gathering data from separate sources can allow the researcher to gain different
perspectives on the case, because, in the words of Stake (2005, p. 454) “no

observations or interpretations are perfectly repeatable”.

As I have briefly described the research paradigm, methodology and methods
used, I will go on to describe the process of gathering data for the thesis, and the

process by which the research question was selected.

4.3 Analysis and data collection

The work in this thesis has been performed as an iterative process between data
collection and analysis through theory. Theory has been used to inform the
themes to be explored by data collection, and the collected data has been used to
identify which theoretical concepts to focus on when continuing with data

collection and analysis. I will therefore first do a short overview of how the two
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have been performed respectively, and then describe the process of data

collection and analysis chronologically.

4.3.1 Data collection overview

As previously mentioned, the methods for data collection in this thesis have been
interviews and document analysis. In total there are six interviews that have been
a basis for this thesis. They have been conducted in two separate rounds, with
two interviews conducted during the first round, and four during the second.
The two interviews from the first round were not tape-recorded, whereas three of

the four from the second round was.

Round one was conducted during the fall of 2016. The first interview was with
two representatives from Hafslund Nett - one project manager, and one from the
research and development department - and was performed in their offices in
Oslo, Norway. The second interview was with one representative from Datek

Light Control from upper management, in their offices at Lillestrom, Norway.

Round two was performed during the spring of 2017. The first interview was a
phone interview with a representative from the Norwegian Water Resources and
Energy Directorate (NVE), from the energy market and regulation division. The
second interview was with Hafslund Nett, and I met with the same
representative from the research and development department as last time. The
location was the same as round one. The third interview was performed with
Datek Light Control, with the same representative from upper management, in
the same location as round one. The fourth and last interview was done with
representatives from eSmart Systems in their offices in Halden, Norway, where I

met with one director and one product specialist.

In addition to the six interviews described above, I did one interview with a
representative from a telecom company during the first interview round.
However, the telecom company withdrew from the study shortly after, and the

interview has not been used in the thesis. I have also tried to get in contact with
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representatives from Oslo municipality for an interview, but I was not successful

in this.
Organisation Location Representatives Audio
recorded
Hafslund November Oslo, Project No
Nett 2016 Norway manager,
Research and
development
employee
Datek Light | November Lillestrom, Upper No
Control 2016 Norway management
representative
NVE February Phone Energy market = No
2017 and regulation
department
representative
Hafslund February Oslo, Research and Yes
Nett 2017 Norway development
employee
Datek Light | February Lillestrom, Upper Yes
Control 2017 Norway management
representative
eSmart February Halden, Director, Yes
Systems 2017 Norway Product
specialist

Table 1: List of the interviews that are part of the basis for the thesis

In addition to the conducted interviews, I have used document analysis as a
secondary source for all of the organisations listed above. This has consisted of
websites, public documents, and documents that have been given to me by

representatives from the organisations. There have also been some e-mail
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exchanges with representatives from eSmart Systems, Hafslund Nett and Datek

Light Control to clarify or fill in information from the interviews.

4.3.2 Analysis overview

I have used theory in this thesis as what Giddens (1984) calls sensitizing devices,
which means that, as stated previously, concepts from theory has been used to
inform which topics and themes should be explored through the interviews, and
the theoretical concepts has then been used to identify interesting themes when

analysing the interviews and documents.

I have looked at smart cities by using information infrastructure theory as a
sensitising device, informing which topics to explore within the smart city
literature. This has then formed the basis of which themes to explore during the
first round of interviews that was described above. This led to that the first round
of interviews was used to get an overview of the smart city projects of the
organisations that I was in contact with, and the architecture and composition of

the systems that these projects were concerned with.

When analysing the interviews from round one by once again using concepts
from information infrastructure theory as a lens, the possibility of viewing the
infrastructure developed by the studied organisations as platforms emerged.
Theory was used in this instance to look at which possibilities and effects could
be attained through looking at and developing infrastructure as platforms, and
this was used to prepare the second round of interviews, where the themes of
developing infrastructure as platforms and related concepts were discussed with

representatives from the studied organisations.

In a final round of analysis, the data from the second round of interviews, along
with documents, was analysed through the use of information infrastructure
theory, platform literature, and smart city literature, to develop the discussion
and arguments found in chapters 6 through 9. In the next section, I will go
through the process that led to the research question this thesis builds on, before

describing the process of the case studies used as empirical background.
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4.3.3 Detailed description of data collection and analysis

4.3.3.1 Conduction of literature review

As a first step of defining which research topic to discuss, I conducted a literature
review of current research surrounding smart cities, the results of which can be
read in the literature review chapter. This was done by searching for the term
“smart city” on Google scholar, and as a first step looking at the abstracts of the
resulting articles. The articles I deemed interesting were the ones pertaining to
smart cities as a concept, and general implementations of smart cities (such as
case studies of specific cities), rather than studies or technical analyses of specific
smart city projects. The primary findings from this literature review that
influenced the further development of the thesis topic was that there are several
challenges with how smart cities are developed today, that were reported and
found by multiple researchers (see the literature review chapter for a discussion

of these issues).

My first reaction to these issues was to try to look at them in the light of
information infrastructure theory, as it seemed like several of these issues could
be discussed in an easier way because information infrastructure theory was
developed to look at complex, socio-technical systems, and has developed the
concepts and terminology for discussing these kinds of issues between people
and technology. Because of this, several of the identified smart city issues have to
a certain degree been discussed in information infrastructure theory. I then
identified certain concepts from information infrastructure theory that could
potentially be interesting to investigate in relation to smart cities; these concepts
were information infrastructure governance, generativity, the tension between
stability and change, and path dependency (see the section on information
infrastructure in chapter 3 for definition and discussion of these concepts). The
next step was to establish contact with organisations developing smart city
projects and perform exploratory interviews with them to find out whether the
smart city challenges mentioned in the literature I had reviewed could be found

in organisations developing smart cities in Norway, and whether the information
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infrastructure concepts would be interesting to discuss with regards to real-

world cases.

4.3.3.2 First round of interviews

At this point, I established contact with two of the organisations that will be
introduced in the next chapter, Hafslund Nett and Datek Light Control, as well as
a third company, a telecom company, that later withdrew from the study.
Contact with Hafslund Nett and Datek Light Control was obtained through
acquaintances that had contacts within the organisations, while contact with the
telecom company was achieved through personal contacts. The selection of cases
was based on the amount of information I believed I would be able to get from
them, a selection method that is called information-oriented selection by Flyvbjerg
(2006). As a basis for selecting these cases, the most important criterion was that
the cases needed to be instances of smart city projects. The definition from
Caragliu et al. (2011) is what I use as the basis for discussing whether a project

can be deemed a smart city project or not:

“we believe a city to be smart when investments in human and social capital and
traditional (transport) and modern (ICT) communication infrastructure fuel
sustainable economic growth and a high quality of life, with a wise management of

natural resources, through participatory governance.”

In addition, I, of course, had to limit myself to the organisations and projects
where I would be able to gain access, and an important factor in the selection the
cases I ended up with was the fact that I had acquaintances that could provide

contacts within the organisations, and “get me in”.

All of the three interviews of the first round were performed in a similar fashion;
the goal of the interviews was to gain information about the companies
themselves, the smart city projects they were working on, and trying to get a
deeper understanding of what the projects were, what they were trying to
accomplish, and how they were trying to accomplish this. All three of the
interviews proceeded in that order; first talking about the company, their

structure and the general nature of their business, then moving onto the smart
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city project I had contacted them on the basis of, and discussing that on a project
level, before moving on to technical implementation. The interviews were
performed during the fall of 2016, and none of them were audio recorded. All of
the interviews were documented by note-taking during the interviews, which

were written up shortly after they concluded.

The organisations and the smart city projects of Hafslund Nett and Datek Light
Control will be introduced and explained in the next chapter. I will briefly
describe why they were selected as cases now, as well as how the interviews
were conducted. The telecom company will not be discussed further, as they
withdrew from the study shortly after the first interview was conducted.
Hafslund Nett was chosen as a case on the basis of their implementation of smart
electricity metering systems (AMS) that are currently being implemented all over
Norway. The interview with them was performed in the offices of Hafslund Nett
in Oslo, and the first interview was performed with two representatives present;
a project manager, and a representative from the research and development
department in Hafslund Nett. The interview with Datek Light Control was
performed in their offices in Lillestrom, with a representative from upper
management. The written up notes from each of the interviews were sent to the
respective representatives to allow them to go over facts and interpretations to

avoid misunderstandings and errors.

4.3.3.3 Interview analysis and research question formulation

The data gathered from these interviews were analysed and formed the basis for
the formulation of a research question to focus on in the thesis. The architecture
of the infrastructures of both companies, along with the plans and goals they had
for the future development of their systems was analysed through the use of
information infrastructure theory. Through applying concepts from this theory to
the gathered data, the idea that it could be interesting to look at infrastructures as
platforms emerged. This possibility was explored through looking at platform
research, and there seemed to be interesting possibilities in looking at how

platforms could be utilised in modern infrastructure building. This led to the
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formulation of the research question: “how can knowledge from research on

platforms be applied to the development of smart cities”.

4.3.3.4 Second round of interviews

After this, a second round of interviews was conducted with the purpose of
investigating the opportunities in looking at infrastructure as platforms that
could exist in and was perceived by the representatives from the studied
organisations. Interviews with both Hafslund Nett and Datek Light Control were
conducted, as well as with a third company that will also be introduced in the
next chapter, eSmart Systems. There was also a phone interview conducted with
a representative from the Norwegian Water Resources and Energy directorate
(NVE). This interview with NVE was interesting to the case of Hafslund Nett,
because NVE is responsible for the deployment of AMS in Norway, and are also

the government body responsible for regulating the energy sector in Norway.

In addition to the criteria for case selection described above, two other criteria
also became important; the first of these was that the cases should be instances of
infrastructure. I used the definition of infrastructure given by Star and Ruhleder
(1996) to determine whether or not the discussed cases could be viewed as
infrastructures. The reason it was important that the studied organisations
needed to develop infrastructure, is that the goal of the second round of
interviews was to examine the opportunities of developing infrastructure as
platforms. The second new criterion was that the cases should be related to the
concept of platforms, either by illustrating how platform architecture can be used
on traditional infrastructure or illustrate the properties of platforms in some way.
The definition for platforms I used is the one from the architectural stream of
platform research, where a platform consists of core components, interfaces and

complementary components, described in section 3.2.1.

eSmart Systems were selected in addition to the other two companies because
they in many ways make the development of infrastructure into platforms
possible. They have created a business model based on building systems on top

of other infrastructure, that allows the infrastructure to be connected to by other
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systems. The full rationale for why they fit as a case can be read in the next

chapter.

The second round of interviews was done in a more formal way and performed
during the spring of 2017. In this instance I had prepared questions for each of
the companies pertaining to their infrastructure and smart city systems, to
discuss the possibilities and opportunities they saw in developing them, as well
as questions regarding their views on the potential of developing their
infrastructure using a platform architecture. All of these interviews were audio
recorded, and subsequently transcribed. In addition, notes were taken during the
interviews. The locations and representatives from Hafslund Nett and Datek
Light Control were the same, with the exception of the project leader from
Hafslund Nett, who was not present for the second interview. The interview with
eSmart Systems was performed in their offices in Halden, and the representatives

were a director and a product specialist.

There were several goals with this second interview round. I wanted to get a
deeper knowledge of the infrastructure of the cases, as this had not been the
primary object of query during the first round of interviews. Secondly, I wanted
to see whether the interviewees viewed their infrastructure and smart city
projects as platforms. Thirdly, whether this was a thought the representatives
presented themselves, or whether it was introduced by me during the interview,
I wanted to examine which possibilities and challenges the interviewees saw with

looking at and developing their infrastructure as platforms.

4.3.3.5 Concluding analysis

Analysis of data gathered from all of the interviews forms the basis of the
discussion in the following chapters. The theory from chapter 3 will be used to
argue for the possibilities of developing infrastructure as platforms and
discussing the challenges identified in chapter 2 on a theoretical level. The case
studies will be used to illustrate how the theoretical arguments can apply to real-
world situations, and to discuss whether the proposed solutions to the challenges

from chapter 2 can be applicable in real-world cases.
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In addition to the three interviews performed during the second round, I tried to
get an interview with a representative from Oslo municipality but was not
successful in this. I was in e-mail contact with several representatives from the
municipality, but none of them saw themselves as having responsibility for or
knowledge about Oslo’s smart city development, or infrastructure development.
As mentioned previously, Oslo serves as the main case in an embedded case
study in this thesis. Oslo is a case of a city with an explicit smart city aspiration,
and the three embedded cases are developing parts of the infrastructure in Oslo,
which means that their smart city projects are also part of the development of
Oslo as a smart city. The description of Oslo is solely based on available public
documents and media coverage of the city’s smart city project. This kind of
documents, in addition to marketing material and presentations, have also been
used in the study and description of the other cases of Hafslund Nett, Datek

Light Control and eSmart Systems.

4.3.4 Ethical concerns

Here, I will do a brief account of ethical concerns and considerations that have

been connected to the work with this thesis.

Firstly, all interviewees have acted as representatives of the organisations they
work for, and not as individuals. This means that interviewees have not been
asked questions about their personal opinions during the interview, but have
rather been asked to answer on behalf of the organisations they represent. If the
interviewees have explicitly expressed their personal opinion during any
interview, these statements have been disregarded when analysing the data. The
representatives have given oral informed consent for their participation in this

thesis.

The summaries that were written after the interviews performed in interview
round one, as well as the case descriptions found in chapter 5 were all sent to the
respective representatives for them to read through, and they were given the
opportunity to correct errors or misinterpretations. I received feedback from all

the organisations that were a part of interview round one, and two of the
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companies described in chapter 3 responded to the request for feedback on the

case descriptions.

As I have now described how the research for this thesis was performed, I am

going to turn to describing the cases that have been studied.
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Chapter 5 Case descriptions

In this chapter, I will introduce the cases that I will be using later in the analysis. I
will quickly recap the criteria that were used to select these cases, that have been
described in more detail above. Firstly, the cases should be instances of smart city
projects as per the definition from Caragliu et al. (2011). Secondly, the cases
should be instances of infrastructure, in accordance with the definition of
infrastructure given by Star and Ruhleder (1996). Thirdly, they should be related
to the concept of platforms, as illustrations of platform architecture, or of the
properties of platforms. My understanding of platforms follows the definition
from the architectural stream of research, where a platform consists of core

components, interfaces and complementary components.

5.1 Oslo smart city

Oslo is the capital city of Norway, with 658 390 citizens on the 1. January 2016
(Statistisk Sentralbyra, 2016). When including the greater Oslo areal, the
population counts 1 546 706 on the same date (Statistisk Sentralbyra, 2016). The
local government structure in Norway consist of two levels, which are called a
county municipality, and municipality respectively. The county municipality has
the responsibility of planning and developing the larger region it consists of and
takes care of public services that operate in a regional context, such as public
transport and upper-level and higher education. Municipalities focus on their,
smaller, geographical area, and on public services that are limited to their
geographical regions, such as nursing homes, lower-level schools, in addition to

several other responsibilities.

Oslo is the only county in Norway that consist of just one municipality. Because
of this, the city council of Oslo acts as both county municipality council and
municipality council. The city, county and municipality all share borders, so the
terms Oslo county, Oslo municipality and Oslo city all refer to the same

geographic area. However, the official docume