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Abstract
The smart building market offers multiple business opportunities for internet
service providers. Due to their existing customer base of housing cooperatives,
smart building solutions and services could be a lucrative value-add on top of
providing internet connectivity. The market divides roughly into four verticals,
which are: building management, energy; safety, security, and mobility, and social,
community, and health applications. The energy vertical is projected to present
the most business potential in the future, which made it a focus area of this thesis.

The market as a whole was studied by utilizing the SWOT, PESTLE, and
Porter’s Five Forces frameworks, which then helped in performing a scenario
analysis and for formulating scenarios with the scenario matrix framework. The
resulting scenarios were: "Focus on Core ISP Business", "Marketing, Sales, and
Billing Channel", "Smart Building Solution Operator", and "End-to-End Smart
Building Service Provider". Using the Value Network Configurations method, the
latter three were applied to a business case that focuses on optimizing district
heating usage in buildings and throughout the district heating infrastructure, which
resulted in three distinct value networks.

ISP strengths in network infrastructures, digital services, and marketing, sales,
and billing operations were found to be highly beneficial for succeeding in this
market and in these value networks. However, ISP weaknesses regarding this market
practically necessitate partnering up with third parties that have expertise in smart
building hardware and software solutions. Starting from the role of a marketing,
sales, and billing channel operator enables the ISP to minimize their risks in market
entry while leaving the possibility open for moving towards the other value network
configurations as the market and their business develops.
Keywords Smart Building, Internet Service Provider, ISP, District Heating, Value

Network Configuration, VNC, Strategic Analysis, Scenario Analysis,
Scenario Matrix
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Tiivistelmä
Älyrakennukset tarjoavat useita liiketoimintamahdollisuuksia internet-palveluntar-
joajille, joiden olemassaoleva taloyhtiöasiakaskunta on luonnollinen kohde älyraken-
nusatkaisuille ja -palveluille mitä voidaan myydä internetliittymien oheisina lisä-
palveluina. Älyrakennusmarkkina jakautuu karkeasti neljään markkinavertikaaliin,
jotka ovat: taloyhtiön hallinto, energia, turvallisuus ja liikkuvuus, sekä sosiaaliset,
yhteisölliset ja terveydelliset sovellukset. Näistä energia-vertikaalin on ennustettu
kasvavan markkinakooltaan ja liiketoimintapotentiaaliltaan suurimmaksi, minkä
takia se valikoitui tämän diplomityön tarkemmaksi tutkimuskohteeksi.

Älyrakennusmarkkinaa tutkittiin kokonaisuutena käyttäen SWOT, PESTLE
ja Porter’s Five Forces -työkaluja, joiden tulokset auttoivat skenaarioanalyysin to-
teuttamisessa, sekä erilaisten skenaarioiden luomisessa käyttäen skenaariomatriisia.
Näin saatiin luotua neljä skenaariota nimiltään "Fokus internet-palveluntarjoajan
ydinbisneksessä", "Markkinointi, myynti ja laskutuskanava", "Älyrakennusratkaisu-
jen operaattori" sekä "Kokonaisvaltaisten älyrakennuspalvelujen tarjoaja". Näistä
kolmea viimeisintä käytettiin hyväksi jo markkinoilla olemassaolevan kaukolämpö-
verkon optimointiin liittyvän liiketoimintamallin tutkimiseen, mistä myös muodos-
tettiin kolme erilaista arvoverkkoa käyttäen arvoverkkokonfiguraatiomenetelmää.

Internet-palveluntarjoajan vahvuudet tietoverkoissa, digitaalissa palveluissa,
sekä markkinoinnissa, myynnissä ja laskutuksessa voitiin todeta todella hyödyl-
lisiksi älyrakennusmarkkinoilla menestymiseen. Kuitenkin, omien heikkouksien
minimointi lähes edellyttää kumppanuuksien luomista yritysten kanssa joilla on
asiantuntijuutta älyrakennusten laitteistoista ja sovelluksista. Riskien minimoimi-
seksi palveluntarjoajan kannattaakin aloittaa ensin markkinointi, myynti ja laskutus
-operaattorin roolissa, mikä myös mahdollistaa roolin syventämisen kohti muita
arvoverkkoja markkinoiden sekä oman liiketoiminnan ja osaamisen kehittyessä.
Avainsanat Älyrakennus, älytalo, operaattori, verkko-operaattori,

internet-palveluntarjoaja, kaukolämpö, arvoverkkokonfiguraatio,
strateginen analyysi, skenaarioanalyysi, skenaariomatriisi
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Preface
“Life moves pretty fast.
If you don’t stop and look around once in a while, you could miss it.”

- Ferris Bueller

The research and writing of this thesis were carried out for Elisa Oyj during the
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coronavirus pandemic in 2020, I was able to get started with working on the thesis
remotely by early summer. Fortunately, my friends and family have managed to
stay healthy during these trying times. This fact has provided me with comfort
during my work, even as the isolation and lack of social contacts weighed on me
mentally.

I want to thank my supervisor Professor Heikki Hämmäinen and my advisors
M.Sc. Jani Asula and M.Sc. Tuomo Kivekäs for all of their help and guidance
during this thesis process. It has been a privilege to work on the topic of smart
buildings, as it was both highly relevant to my studies and a fascinating subject in
and of itself. I also want to thank all the other professional and personal contacts
who have helped me and given me input on my work. I greatly appreciate all of
the support I have received from you. Additionally, I want to thank my student
union AYY for letting me work on my thesis at Keto when the restrictions allowed
it. As libraries have stayed closed during the pandemic, the occasional escape from
the loneliness of my home was invaluable.

Ever since hearing the quote at the top of this page during my teenage years,
it has persisted somewhere within my thoughts. Back in 2016, as I was wrapping
up my studies at Metropolia, I decided to apply once more to Aalto University,
after having failed in the entrance exams back in 2010 as a bright-eyed high school
graduate. The reasons for applying again were various. My failure six years earlier
had left a sour taste in my mouth, but I think I also felt a sense of unfulfillment
and that I still had the potential for more. Fortunately, this decision turned out to
be one of the best ones I have ever made.

At first, the plan was simple: in and out in two years, with a master’s degree in
hand and a teekkarilakki on my head. But fate, or something else, had different
plans. Becoming an active in the Aalto community was not something I had
planned to do. Still, it has given me so much more than I could have ever imagined,
which is why I want to give thanks to the various groups of acquaintances and
friends I have made along the way:

Junction, for showing me the value of pöhinä. SIK 2016 freshers and other
guildmates, for all the fun we have shared from our first orientation week all the
way to our first Wappu and beyond. HTMK17, for teaching me that the best
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parties are always held in the kitchen. SIKH18, for putting up with my antics as
your secretary. LuTku20, AYYEPJ20, and my DnD friends, for providing me with
moments of joy in the middle of the pandemic. And lastly, to the folks at AYY
and my own AYYH19, for helping me grow immensely as a person and for making
2019 the best year of my life so far. And to all the other noble friends I have made
along the way, thank you for all the moments we have shared! It has truly been
quite a journey.

Finally, enormous thanks to my parents Auli and Hannu, who have always given
me their full love, support, and encouragement in everything I have ever decided
to pursue in my life. Without you, I would not be the person I am today.

These years in Otaniemi have genuinely been the best times of my life, and I am
truly grateful for all of the experiences, memories, and lifelong friends I have made
along the way. But the time has come for creating new and exciting memories as
an alumnus of the Aalto community.

Even though life does move pretty fast, I am grateful for having taken the time
to stop and look around. I would not have missed it for a thing.

Otaniemi, 24.1.2021

Taneli Myllykangas
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1 Introduction
Since the introduction of the Internet and the World Wide Web into the wider
public sphere in the early 1990s, “digitalization” has become a ubiquitous aspect of
almost all parts of our society. Communications, media, and all types of industry
have felt its effects in one form or another. Internet service providers (ISPs), such
as Elisa Oyj in Finland, have been and still are the cornerstone of this development,
as they have been one of the primary drivers of digitalization by providing internet
access to any and all stakeholders in our society.

One of the world’s largest markets is real estate, which garnered 8,9 trillion
dollars in investments and totaled around 228 trillion dollars in value in the years
2018 and 2016, respectively [1][2]. This market has, in turn, felt the effects of
digitalization in all of its subsectors, from construction to real estate brokerage,
and from industrial to commercial and residential real estate. This development is
linked to the larger trend of expansion in digital connectivity beyond just computers,
tablets, and smartphones, known commonly as the Internet of Things (IoT) [3].
Thus, the digitalization of our built environment has led to the emergence of the
concepts of smart homes, smart buildings, and smart cities.

To this day, connecting the stakeholders of the real estate sector to the internet
has been this market’s main source of revenue for ISPs. Other actors have leveraged
the internet connectivity and infrastructure provided by ISPs to build their own
businesses, which in turn have grown to become their own multimillion or -billion-
dollar markets [4]. Thus, in their search for new sources of revenue, it is natural
for ISPs to be interested in researching and possibly entering these novel markets,
which are functionally dependant on the infrastructure that they themselves provide.
Offering digital solutions and services to the different segments of the real estate
market in conjunction with internet access could thus have huge unrealized business
potential for ISPs.

However, expanding their business beyond internet-connectivity brings ISPs cer-
tain challenges in addition to just opportunities. Established customer-relationships
with stakeholders in the real estate market mean that ISPs already have the neces-
sary business frameworks in place. However, going up against established companies
in, for example, energy and security services is simpler said than successfully done.
Finding the right position in the market’s value network, partnering up with rele-
vant stakeholders, defining the right combination of external and in-house solutions
in their service and product portfolios, and creating compelling customer value
propositions will be the keys to new business success.
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1.1 Research Question
This thesis is an analysis of the business potential of the residential smart building
market from the perspective of an internet service provider, with further focus on
the market’s energy vertical.

The main research question is:

What kinds of business opportunities does the smart building market offer for
an internet service provider?

Which can be further divided into these subquestions:

What are the relevant technologies behind the emergence of smart buildings?

What kind of market verticals does the smart building market consist of?

What kinds of challenges does the smart building market present for an ISP?

Which market vertical presents the most business potential for an ISP?

What kinds of business opportunities and positions in potential value networks
does this vertical offer for an ISP?

1.2 Scope
Industrial, commercial, and residential real estate naturally have a lot of overlap
when it comes to digitalization. However, to keep this thesis manageable in length
and to reach a deep enough level of research, it is necessary to narrow its scope.
According to the wishes of this thesis’ commissioner Elisa Oyj, the focus of this
thesis is to research new business opportunities in the residential real estate sector
in Finland, with deeper research focus into the market’s energy vertical while
positioning housing cooperatives as the main target customers.

1.3 Research Process and Methods
The research methods used in this thesis are:

• Literature review

• Analysis using applicable theoretical frameworks
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The research approach is mainly qualitative. Some openly sourced quantitative
data is used, for example, in justifying the research choices made during the devel-
opment of this thesis. Sources of the literature review include academic journals,
research papers, books, master’s theses, white papers, documents by standards
organizations, and news articles.

The frameworks utilized in this thesis include:

• PESTLE Analysis

• SWOT Analysis

• Porter’s Five Forces

• Scenario Analysis

• Scenario Matrix

• Value Network Configuration (VNC) Method

These frameworks are covered in detail in chapter 3.

1.4 Structure
The rest of the thesis is organized as follows: Chapter 2 provides the background
information for understanding the state of digitalization in residential real estate.
Digital technologies relevant to this area are covered, in addition to market issues
and barriers, and an overview of the different categories of digitalization (i.e.,
verticals) of the market. Chapter 3 provides an overview of the theoretical tools,
methods, and frameworks used in the analysis. Chapter 4 then uses these tools
to analyze the residential real estate market as a whole, including justification
for further research into the energy vertical. Up next, chapter 5 presents value
network configurations formulated for a real-life business case within the energy
vertical, with additional analysis of these different value networks. Finally, chapter
6 contains a summary of the results of the study as a whole, assesses the results,
and discusses their potential for exploitation and avenues for future research.
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2 Background
This chapter provides the necessary background information for understanding
this thesis. It first provides an introduction into the current state and future of
ISP business and the digitalization of real estate. An overview of the different
technologies that enable the digitalization of real estate is provided next. This
digitalization can be divided into different market verticals, which are discussed in
terms of their current state and main function(s), relevant technologies, market
trends and size, and some current actors and examples of digital solutions. These
verticals include the areas of facility management, energy; safety, security, and
mobility, and social, community, and health applications, which all have both
overlap and some differences in terms of their applicable technological solutions.
Finally, the chapter also gives insight into the issues and barriers that the market
presents for IPSs in terms of developing their business. These areas include
market fragmentation and interoperability, expanding beyond core competencies,
security & privacy, legal issues, cost issues, and lack of customer knowledge, killer
applications, and customer demand. All of these categories are covered under their
own subsections.

2.1 Views About the Future of ISP Business
According to the Merriam-Webster Dictionary, an Internet Service Provider is, as
the term clearly implies, a "company that provides its customers with access to the
Internet and that may also provide other Internet-related services" [5]. In addition
to providing internet connections and services, ISPs in Finland have also expanded
their businesses into internet adjacent business areas. For regular consumers,
these include areas such as offering cable-TV services, video-on-demand (VOD)
services, sales of electronics and software, e-book services, cybersecurity services,
and smart home solutions. For company customers, these offerings include areas
such as support, services, and consulting in information technology, networking,
and cybersecurity; data center and cloud services; and designing and implementing
wired and wireless computer networks. [6][7][8]

According to a research report from 2018 by the French multinational IT
service and consulting company ATOS, various forces are putting pressure on
the core business of ISPs. As digitalization is reshaping all areas of our society,
growing customer expectations for ubiquitous mobile and digital services are upping
the pressure on ISPs to update and upgrade their wired and wireless network
infrastructures. This will require massive investments, especially with regards to
5G connectivity. In addition to this, exponential growth in the number of connected
devices, the rise of over-the-top (OTT) services such as chat applications and VOD,
and other disruptive developments are laying pressure on the network infrastructure,
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established business models, and consumer hold of traditional ISPs. However, one
research paper from 2017 states that the economic growth of ISPs and OTTs are
positively related, which suggests that the threat of OTTs stated by the ATOS
report might be exaggerated. [9][10]

However, the future of ISP business is not necessarily as dire as these pressures
might suggest. The ATOS report also states four challenges and opportunities that
could help ISPs keep themselves successful as the telecommunications business
landscape develops during the coming decade. The first of these is to develop
and deliver an omnichannel customer experience, where an ISP aims to cover the
whole range of digital experiences that consumers desire, with an added layer of
personalization and tailored services. The aim here is to increase the average
revenue per user (ARPU), to reduce customer churn, and to boost net promoter
scores. The second option is to concentrate on streamlining the core of ISP business,
which could include a shift to network virtualization and software-defined networks,
as well as employing new modern operations and business support systems, and
increased automation of business processes. The third option is to concentrate on
creating new value-adding services and platforms. These can be based on cloud,
cybersecurity, and/or IoT solutions, for example. ISPs could also venture into
adjacent business areas, such as financial technology, healthcare, and e-commerce,
which can also be achieved through company partnerships, acquisitions, internal
investments, and corporate ventures. The fourth option is to focus on data and user
privacy and security to differentiate their business positively. Creating trust and
new value proposals in security and privacy can help ISPs attract more business for
themselves. Out of these options, the third one clearly supports the idea of looking
into the smart building market as a potential source of new business for ISPs. [9]

2.2 Introduction to Digitalization in Residential Real Es-
tate

The article "What is a Smart Building?" by Buckman et al. answers its topical
question in this way: "Smart Buildings are buildings which integrate and account
for intelligence, enterprise, control, and materials and construction as an entire
building system, with adaptability, not reactivity, at the core, in order to meet the
drivers for building progression: energy and efficiency, longevity, and comfort and
satisfaction." [11]

In simpler terms and in the context of this thesis, digitalization in real estate
can be described as the increasing connectedness between the technical systems
(i.e., machines, sensors, and networks) and the owners, users, and tenants of a
particular building. This interconnected "smart building" is then connected to
the wider internet and the services it provides. These include, for example, cloud
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services, data analytics, and anything else that can provide value for the owners,
users, and tenants of that particular real estate property.

The foundations for the digitalization of real estate were laid in the 1980s
and 1990s when the first electronic and digitally controlled building automation
systems and the internet were brought to market [12]. The convergence of these
two fields of technology and the technological advancements of the past decades
have finally enabled the rise of truly digitalized real estate. This development is
connected to the phenomenon called the Internet of Things (IoT), which means
the trend of expansion in digital connectivity beyond just computers, tablets, and
smartphones into devices such as sensors, meters, and home appliances. IoT as a
phenomenon has been enabled by multiple technological advancements and market
trends, such as the advancement of computing economics (Moore’s Law, i.e. the
exponential growth in computing performance per watt and per euro), the ubiquity
of the internet, adoption of common standards such as IP-based networking, the
emergence of cloud computing, and advances in data science (i.e. machine learning
and data analytics). [13]

It is also important to note the differences in residential, commercial, and
industrial real estate. Due to their different functions and differences in how
they are owned, managed, used, and operated, they naturally have differences
in their digitalization potentials and needs as well. For example, tracking and
analyzing building occupancy is of great interest for companies that own and/or use
commercial real estate, as increasing efficiency in occupancy can lead to significant
savings in costs for the rentee, as well as increased profit opportunities for the renter.
For example, some metrics of interest in the context of offices include meeting room
and workstation occupancy rates. In contrast, such occupancy optimization is not
relevant in the context of residential buildings, which is the focus area of this thesis.
Similarly non-relevant solutions have been left out from the following chapters.

2.3 Technologies for Real Estate Digitalization
Besides the previously stated technologies behind the rise of IoT, the continuing
development of networking and building automation technologies are at the core
of making smart buildings a reality. As network infrastructure is at the core of
ISP business, companies such as Elisa Oyj are well poised to position themselves
as the key actors in the growing digitalized real estate market by defining how
IoT-data should flow inside and outside smart buildings, in addition to affecting
and defining how these smart building solutions and services should be marketed,
sold, and operated for the end-users.

Naturally, buildings require a network infrastructure to enable the implemen-
tation of IoT solutions and services. Some of the network features IoT solutions
might require include high reliability, solid security, high network capacity for up to
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tens of thousands of connections, low power draw, device roaming support, variable
data packet sizes, and variable data rates, among others [14]. Well established
wired and wireless local area network and mobile network technologies will not
be enough to fulfill these needs, as they have not really been designed with IoT
usage in mind [15]. For this reason, the next two subchapters will focus on covering
the relevant details about IoT applicable networking technologies and the building
automation technologies that need to be interfaced with in order to enable the
smart buildings and digitalized real estate of tomorrow.

2.3.1 Networking Technologies

Networking technologies can be divided into wired and wireless categories, where
wireless technologies can be further subdivided into categories based on the effective
communication range of each specific technology. In this chapter, wired technologies
are first covered briefly, with more focus given to covering the multitude of different
wireless networking technologies.

Wired communication refers to data transmission over a physical wire-form
communication medium. Examples include coaxial television cables, telephone
networks, and copper or fiber-optic internet cables. Another example relevant for
smart buildings is power-line communication, where data is carried over the electric
cables of a building. Wired communication channels form the backbone of the
internet, from global undersea cables all the way down to cabling in single buildings.
Wired connections enable high reliability, high security, low latencies, and data
rates in the range of gigabits per second, with undersea fiber optic cables moving
up to multiple terabits per second [16]. If device mobility is unnecessary and/or
high connection fidelity is required, wired connections make sense for such IoT
deployments. For massive IoT deployments however, connecting millions or even
billions of IoT devices to the internet mainly via physical connections is not feasible
due to the massive capital and operating expenditure costs it would entail. Instead
of manually building physical connections, it is more economical to employ wireless
communication solutions to enable the exponential growth of IoT.

Figure 1 illustrates a large assortment of wireless networking technologies
categorized by their approximate effective range. Some of these technologies have
been developed for general data transmission use, such as Bluetooth and Wi-Fi,
while others have been designed towards IoT applications, such as ZigBee and
LTE-M. In the context of smart buildings, technologies in the WPAN, WLAN, and
WWAN categories are the most relevant ones, as technologies in these categories
can likely cover all of the possible use cases of real estate IoT. Technologies in the
WFAN-category (also called Wireless Neighborhood Area Networks or WNAN)
are more applicable to neighborhood-level solutions, such as controlling the street
lighting of a city neighborhood. [17]
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Figure 1: Wireless technologies by network range [17][18]

When choosing a wireless technology, it is important to consider whether it
uses licensed or unlicensed frequencies. Unlicensed frequencies are free to use,
but due to this fact these frequency bands are often congested, which can lead to
increased interference and thus weakened signal performance. On the other hand,
licensed bands are regulated by government authorities, which means that using
them requires paying for licensing rights, but in exchange you get uncongested
frequency bands which are conducive for achieving reliable signal performance. [19]

It is also important to take into account whether a technology is based on open
or proprietary standards. Open standards are usually developed and regulated by
associations such as the Institute of Electrical and Electronics Engineers (IEEE) and
can be used by anyone. This freedom means that no user of a particular standard
needs to be locked-in to one hardware or software vendor, which leads to better
implementation flexibility. The downside of this freedom is that the implementations
of an open standard can vary wildly in quality and that the standards might be more
vulnerable to security breaches, as their technical information is totally open for
any malicious actor to study and poke holes into. In comparison to open standards,
proprietary ones tend to offer specific features and capabilities tailored to solving
a specific use case. In addition to this, all of the elements of the devices using a
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proprietary standard tend to be perfectly compatible with each other, which is
not always the case with open standards. However, the downsides of proprietary
standards include being tied to a specific company or companies that control that
particular standard, which can mean, though not always, that using the standard
also requires paying for licensing fees. [20]

Another aspect to take note of is how each technology is designed in relation
to the OSI-model, short for the Open Systems Interconnection model, which
characterizes and standardizes how communications function in computer networks.
It was first published in 1984 by the International Organization for Standardization
(ISO) as the ISO 7498 standard, and it is based on partitioning a communication
system into seven different abstraction layers that form a standardized hierarchy.
These layers are shown in Figure 2. [21]

Figure 2: The OSI model [21]

Taking the OSI model into account when researching different wireless IoT
technologies is important because different technologies might be built differently in
relation to it. Some wireless standards might be designed as "full-stack" solutions,
meaning that they specify designs and operating models for each of the seven OSI
layers, while some others might cover only a part of them. An example of this
are wireless technologies built upon open standards such as IEEE 802.15.4, which
specifies how the physical and data link layers should function in a low-power
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wireless personal area network (LoWPAN or LWPAN). [22]
Another factor to consider is what kind of network topologies a technology

supports. Figure 3 presents three commonly used ones. There are also others
with descriptive names such as point-to-point, bus, ring, and cluster topologies.
In short, a network topology presents the arrangement of nodes and links in a
communication network, and some technologies might support multiple kinds
of topology deployments, while others might only support one. However, these
classifications are not rigid as different topology-types can be and often are combined
together in deployed networks. Topologies can also affect the capital and operational
expenses of a network. For example, a wireless mesh topology does not require
building physical connections to and from each node in the network, which can
also make the network simpler to expand. [23]

Figure 3: Common network topologies [23]

Other factors to consider when choosing a wireless network technology are its
range, data rate, latency, amount of supported devices per network or cell, security,
and power consumption. Some of these factors are also highly interdependent. For
example, a wider transmission range can lead to lower data rate potential and/or
higher power consumption to reach that maximum range. Ranges and data rates
are affected by the used signal frequency, possible frequency congestion, signal
transmission power, and the surrounding physical environment, which all affect
the overall signal quality. Data rates are also crucial for over-the-air firmware
and software updates, which directly affect the security of the end devices. Low
power consumption is especially crucial for IoT applications, as many end devices
and sensors are required to run autonomously off from the electrical grid for up
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to multiple years using button cells or batteries. Different applications also have
different requirements when it comes to latency. For example, some devices might
perform fine with latencies in the tens of seconds (e.g., weather sensors), while others
might need to communicate with other network resources with as little latency as
possible (e.g., smart assistants). Due to all these variables and interdependencies,
the real-world data rates, latencies, and range figures listed for each technology in
tables 1 and 2 will vary based on the context of each use case they are applied for.
[17]

Technology Maximum
data rate Latency Maximum

range
Maximum

amount of devices

Bluetooth 5 2 Mbps ∼20-200 ms ≤100-1000 m 32 767 per mesh
MulteFire 300 Mbps ≤100 ms ≤50-250 m ∼2500 per cell

Thread 250 kbps ≤100 ms ≤20-30 m 511 per router
32 routers per mesh

Wi-Fi 6 9,6 Gbps ∼20 ms ≤100 m ∼1000 per access point
Wi-Fi HaLow 347 Mbps ∼20 ms ≤1 km 8191 per access point
Z-Wave 100 kbps ∼1-3 s ≤100 m 232 per mesh
ZigBee 250 kbps ∼15 ms ≤10-100 m ∼65 000 per network

Table 1: WPAN and WLAN technologies for IoT [18][24][25][26]

Table 1 illustrates the key features of wireless technologies with an operating
range under 1000 meters. Multiple technologies shown in Figure 1 have been left
out due to factors such as poor fit for smart building solutions, poor market support,
and/or poor availability of devices and solutions on the market. All of the listed
technologies operate in unlicensed frequencies, support handover between network
access points (except ZigBee), and have latencies measured in the tens or hundreds
of milliseconds at maximum. The following paragraphs cover these technologies in
brief detail.

Bluetooth is a wireless technology based on the IEEE 802.15.1 standard, which
is managed and developed by the Bluetooth Special Interest Group (SIG). It is
designed for exchanging data over short distances using the unlicensed industrial,
scientific, and medical (ISM) radio bands in the 2.4 GHz range. The first specifi-
cation of Bluetooth was announced in May 1998, and the latest version 5.2 saw
its release on December 31st, 2019. Bluetooth is usually used in a point-to-point
manner, but it also supports star and mesh network configurations. The Blue-
tooth Low Energy (BLE) and Bluetooth Mesh protocols (released in 2010 and
2017, respectively) in particular increased Bluetooth’s relevancy for IoT use cases.
Bluetooth has achieved near-ubiquitous status worldwide, with support for a wide
variety of devices and use cases in personal area networks. [27]

MulteFire is an LTE-based technology, which was first released in the form of
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specification 1.0 in 2016 and improved with specification 1.1 in 2019. It is developed
and maintained by the MulteFire Alliance, which members include companies such
as Ericsson, Intel, Nokia, Qualcomm, and Huawei. MulteFire operates in unlicensed
frequency bands, such as the 5 GHz, 2.4 GHz, and 800-900 MHz ranges, and it
has been designed to offer LTE-like performance in the WLAN-space with similar
deployment simplicity as Wi-Fi. Listen-Before-Talk (LBT) operation enables it
to exist concurrently with Wi-Fi, and as an LTE-based technology, MulteFire is
fully compatible with supporting NB-IoT and LTE-M connections, as well as access
point roaming from regular LTE cells over to MulteFire cells. [28]

Thread is a low power IPv6 based mesh networking protocol released in 2015
and maintained by the Thread Group alliance, meant primarily for residential and
commercial IoT use cases. It uses the IEEE 802.15.4 standard for its physical
and data link layers and the IETF 6LoWPAN standard to specify IPv6 usage
in its IEEE 802.15.4 based network. Thread itself defines how the networking
layer should function. As a networking protocol, Thread is designed to be able
to run all modern IoT applications that operate using the Internet Protocol (IP),
be it over ZigBee, Wi-Fi, Bluetooth, or others. Thread can interface with these
networks through the OSI application layer. Additionally, if a device supports the
802.15.4 protocol, it can be upgraded to support Thread natively via a software
update. Thread’s supporters include companies such as Google, Apple, Cisco,
and Qualcomm, among many others. However, Thread Group certified consumer
products have not achieved wide popularity yet, with Google’s Nest products being
the most notable ones available during the writing of this thesis in late 2020. [29]

Wi-Fi is a family of general-purpose wireless technologies based on the IEEE
802.11 family of standards. It was first introduced in 1998, with the latest general
purpose 802.11ax (also known as Wi-Fi 6) specification being finalized in 2020.
The Wi-Fi trademark is owned and promoted by the Wi-Fi Alliance, which has
members such as Apple, Cisco, Intel, Nokia, Microsoft, and many others who use
and promote Wi-Fi in their products. Wi-Fi operates in unlicensed frequencies,
with the ax-specification supporting both the 2.4 GHz and 5 GHz bands, with
the Wi-Fi 6E specification adding support for the 6 GHz band as well. Wi-Fi
is usually set up in a star topology, but it can also support point-to-point and
mesh networking. Of interest for IoT applications is the 802.11ah specification
released in 2017, also known as Wi-Fi HaLow. It has been specifically designed
with IoT applications in mind, with a focus on low power consumption, thousands
of connected devices per access point, and extended signal range via the usage of
900 MHz ISM bands. HaLow is able to reach data rates of around 150 kbps at
ranges of up to a kilometer. As of the year 2020 however, the HaLow standard has
not yet achieved notable support in the market. [30][31]

Z-Wave is a low power mesh networking technology first released in 1999. It



13

is currently owned by Silicon Labs Inc., while the Z-Wave Alliance maintains the
Z-Wave certification program. It has been designed for home automation use using
unlicensed ISM frequencies in the 800-900 MHz range. As one of the oldest wireless
home automation technologies, Z-Wave has achieved apparent popularity with over
2000 certified products on the market. These products fall into categories such as
HVAC (heating, ventilation, and air conditioning), locks, lighting, security, and fan
control. Z-Wave’s supporters mainly include companies from the home automation
sector, which can be seen from the member listing on the Z-Wave Alliance’s website.
[32]

ZigBee is a low power networking technology first released in 2005, and the
ZigBee standard is maintained and developed by the ZigBee Alliance. It has been
designed for battery-powered devices in wireless monitoring and control applications
using unlicensed ISM frequencies, mainly in the 2.4 GHz band. It is built upon the
OSI model physical and data link layers specified in the IEEE 802.15.4 standard,
and it has garnered widespread support in the home automation market, with
products available in practically all smart home product categories. The standard
has support for star, tree, and mesh topologies, and it is supported by a wide
variety of companies, such as Apple, Google, Amazon, and Huawei. Regarding
handover, ZigBee does support end device reconnections to another network router,
but it might assign a new network address to it. Proper handover support would
require that an end device can keep its assigned network address no matter which
coordinating device it reconnects to as it moves between the communication ranges
of different access points within the same network. [33][34]

Technology Maximum
data rate Latency Maximum

range
Maximum

amount of devices

LoRa /
LoRaWAN 250 bps to 50 kbps 1-100 ms ≤15 km ∼50 000 per cell

LTE-M
(Cat M2)

Up: ∼7 Mbps
Down: ∼4 Mbps 50-150 ms ≤11 km ∼1,000,000 per km2

NB-IoT
(Cat NB2)

Up: 159 kbps
Down: 127 kbps 1,5-10 s ≤15 km ∼100 000 per cell

Sigfox 100 or 600 bps
(uplink only) ≥20 s ≤50 km ∼50 000 per cell

Table 2: WWAN technologies for IoT [17]

Table 2 illustrates the key features of wireless technologies with an operating
range of over 1000 meters. As with the shorter range technologies, many have
been left out here due to factors such as poor fit for smart building solutions, poor
market support, and/or poor availability of devices and solutions on the market.
The following paragraphs cover these technologies in more detail.
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LoRa (short for Long Range) is a low-power wide-area network (LPWAN)
technology, which development began in 2009. LoRa is a proprietary technology
owned and developed by Semtech, and it specifies the physical layer operation of
a network. LoRaWan is an example of an open protocol that is built upon the
LoRa specification. LoRaWAN is developed and promoted by the LoRa Alliance,
which members include companies such as Amazon, Cisco, Intel, and Semtech
itself. LoRaWAN employs a star-of-stars topology, and it is specifically designed to
connect wireless battery-powered "things" to the internet over a wide physical area.
It uses frequencies in the unlicensed 867-869 MHz range in Europe. [35][36]

LTE-M is the simplified marketing term for a range of LPWAN specifications
and standards developed by 3GPP. 3GPP is the shorthand for the 3rd Generation
Partnership Project, which is an umbrella term for a number of standards organiza-
tions that develop protocols for mobile telecommunications, such as GSM, 3G, 4G,
and 5G. LTE-M includes specifications such as eMTC (enhanced Machine Type
Communications, from 3GPP Release 13 from 2016) and LTE Cat 0, M1, and M2
(from 3GPP Releases 12, 13, and 14, respectively). LTE-M is specifically designed
for IoT applications through lower end-device complexity and extended range. As
the name implies, LTE-M is an LTE-based mobile network standard, which means
that it uses licensed LTE frequency bands that vary by country. It is also deployed
using a star topology. Any LTE base station can be upgraded through software to
support LTE-M communications, which greatly simplifies deployment. LTE-M also
has a relatively high data rate for an IoT technology, and it supports voice over
LTE (VoLTE) and end device handover, also known as device mobility. [37]

NB-IoT (NarrowBand-IoT) is an LPWAN standard developed by 3GPP, which
was included alongside LTE Cat M1 in 3GPP Release 13 in 2016 (as LTE Cat NB1),
and further improved upon in Release 14 in 2017 (as LTE Cat NB2). Similarly to
LTE-M, NB-IoT is also based on the LTE standard. Any LTE base station can
be upgraded with software to support NB-IoT, it utilizes the same licensed LTE
frequency bands, and it is deployed using a star topology. Compared to LTE-M,
NB-IoT has significantly lower data rates and significantly higher latency. NB-IoT
also has limited support for device mobility, which further limits its suitable use
cases to ones that are stationary, latency tolerant, and that do not require high
data rates. Examples of these include sensors and smart meters, waste management
solutions, and noise and pollution monitoring. [37]

Sigfox is an LPWAN technology owned and developed by the French company
Sigfox S.A., which calls itself a "global network operator". Sigfox operates in a
star topology using unlicensed ISM frequency bands in the 800-900 MHz range
depending on the geographic area. The stated aim of Sigfox is "to create a global 0G
telecommunication standard dedicated to the transfer of small messages – to give us
all access to a minimum communication service". For example, Sigfox could act as a
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complement and a back-up communications channel for other wireless technologies
such as Wi-Fi, cellular networks, fiber networks, and satellite communications, in
case any of these fail due to natural disasters or malicious acts. Sigfox’s low data
rate and high latency naturally limit its potential use cases when compared to the
other technologies covered in the last few paragraphs. [38]

2.3.2 Building Automation Technologies

To reach the goal of truly interconnected smart buildings, being able to interact
with and control building automation systems is hugely important. Doing a deep
dive into the specifics of how building automation can be integrated with other
smart building systems is a topic large enough for a thesis in itself and thus beyond
the scope of this thesis. Home automation also overlaps with building automation
in many areas, but covering the similarities and differences between them also falls
outside the scope of this thesis. Therefore, this chapter will concentrate on what the
general state of building automation is, especially in regards to connecting building
automation systems with other internal and external smart building services.

Building automation means the centralized and automated control of a build-
ing’s integrated electrical systems, such as heating, ventilation, air conditioning,
lighting, elevators, security, and others. This is achieved through a building au-
tomation system (BAS), alternatively called a building management system (BMS).
Building automation aims to improve building users’ comfort, to efficiently operate
a building’s systems, to reduce energy consumption and operating costs, and to
improve the lifecycle of the building’s utilities. [39]

The field of building automation technologies is as varied as the field of wireless
networking technologies. Examples of building automation standards, technologies,
and ecosystems include names and terms such as KNX, Modbus, BACnet, LonWorks,
and others. This plethora of different technologies naturally creates more complexity
in reaching the ultimate goal of a truly interconnected smart building.

Building automation systems are logically divided into three levels. These are
called the field level, automation level, and management level. The field level
consists of all of the sensors, actuators, and other devices that act as the inputs and
outputs of an automation system. The automation level consists of the controllers
that direct these input and output devices. Finally, the management level consists
of the servers, network devices, workstations, and outward interfaces that enable
the management of the system as a whole. BAS technologies can also differ in how
they address each of these three levels. For example, the oBIX standard operates
on the management level, and it is specifically designed to create an open and
standardized way to manage different BAS systems, no matter what standards
these systems utilize on the lower field and automation levels. [40]

According to the master’s thesis "Talotekniikan avoimet tiedonsiirtorajapinnat"
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(in English: "Open Communication Interfaces for Building Automation") from
2017 by Eemi Salo; "One of the biggest problems in (the) building automation field
are a big number of different interfaces, lack of openness and custom interfaces."
The industry has luckily started developing BAS technologies to be more open by
developing solutions based on a representational state transfer (REST or REST-
ful) application programming interface (API) architecture. Examples of these
technologies given in Salo’s thesis include KNX Web Service (KNX WS) or KNX
IoT, BACnet/WS, and oBIX. Open REST APIs enable external actors to create
applications that can utilize the building data gathered by the BAS, for example
to visualize a building’s energy usage or even to control what the BAS does if this
kind of functionality has been enabled. [41]

The BAS/BMS industry has been developing rapidly during the past decade.
Adoption of IP based networking, increasing support for wireless technologies,
growth of IoT awareness and compatibility, and movement towards open interfaces,
open platforms, and open source solutions are key enablers in the continued
development and evolution of smart buildings. This increased openness and adoption
of information technology paradigms is key for ISPs who are interested in moving
into the smart building market. [39]

2.4 Smart Building Architecture
Figure 4 presents a simplified view of what the technical architecture of a smart
building network could look like. From it, we can deduce key questions that need
to be addressed when coming up with a smart building platform. Some of these
are:

• What kind of an IoT network infrastructure should be installed in the building?

• Can we and how do we interface with the building’s existing automation
system?

• What kind of IoT devices do we install in the building?

• What is the right mixture of different wired and wireless technologies to
connect all of these devices and systems together?

• In the long term, how do we create a cloud-based smart building platform
that can interface with, interact with, and orchestrate all of these devices
and systems while also being user-friendly, secure, effective, error-resilient,
and adaptable?
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Figure 4: Technical architecture of a smart building service
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Examples of building-level IoT devices include things such as smart/electronic
locks, security cameras, elevators, electric car chargers, trash sensors, movement
sensors, and so on. Smart home appliances, such as robot vacuums, smart fridges,
and smart lights are not counted here, as they are household specific, not building
specific.

As Figure 4 illustrates, IoT devices can be connected to the network via physical
connections, wireless LAN or PAN connections, or cellular connections. Figuring
out the right mixture of these technologies is a key objective of such a system. IoT
devices connected to the internet via cellular connections can be associated with
their building by some form of a hard-coded device identifier, such as their media
access control addresses (MAC address), which are unique identifiers assigned to
each device’s network interface controller (NIC). [42]

An adaptable cloud-based smart building platform is key to orchestrating this
system as a whole. In its simplest form, it could act as a "read-only" platform that
aggregates, analyzes, synthesizes, and presents all of the data it can get from these
different IoT devices and systems. Optimally it could also be used to control these
devices and systems as well, but this might not be achievable and/or feasible for
a multitude of reasons, such as the lack of accessible open control interfaces and
security or reliability concerns. [43]

2.5 Verticals of Digitalization in Residential Real Estate
As the topic of this chapter implies, the digitalization of residential real estate,
or residential smart buildings, can be divided into categories based on different
criteria. The ones listed in this chapter are based on different types of services
that have been identified during the background research. The four categories were
formed based on their distinctiveness, with the latter two containing components
that can be seen as related to each other. Also, no widely agreed-upon standard of
categorization for these verticals was found during the literature research.

Each section will aim to answer at least these questions:

• What kinds of products and services does this vertical cover?

• What kinds of companies operate in this vertical?

• What trends is this vertical affected by?

• How big is the market of this vertical in Finland?

• What is the state of digitalization in this vertical?
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Research into these questions was mainly carried out by scouring information
throughout the internet, as actual academic research into these verticals, especially
from the Finnish context, was almost non-existent at the time of writing this thesis
in 2020.

2.5.1 Building Management

Building management, also commonly known as facility management, is defined
by the International Standards Organization (ISO) as the "organizational function
which integrates people, place, and process within the built environment with the
purpose of improving the quality of life of people and the productivity of the core
business" [44]. It is also important to distinguish building management in the
context of a single building from the management of a portfolio of buildings. This
chapter, and thesis for that matter, generally approaches things from the context
of single residential buildings.

In Finland, most residential buildings are housing cooperatives, which generally
employ a facility manager or a management company, which acts as the "managing
director" of the cooperative. Their duty is to take care of the day-to-day bureau-
cracy and upkeep of the building, such as contracts with utility companies (water,
electricity, heat, waste management, etc.) and subcontracting maintenance work
(cleaning, renovations, etc.). In addition to a facility manager, each cooperative
also employs a facility service company, which takes care of the building’s more
operative maintenance tasks. [45]

The facility manager’s duties consist of taking care of the cooperative’s admin-
istration, accounting, and finances according to the cooperative’s bylaws, as well as
the decisions taken and guidance given by the cooperative’s board. The manager
also acts as a professional counselor for the board in regards to managing their
property. The housing service company’s duties include maintaining the list of
residents, maintaining any reservation calendars that the cooperative might have
for their common facilities or amenities, and updating the list of residents’ names
visible in the first-floor lobby. The service company also takes care of the day-to-day
maintenance of the building, such as simple yard work (mowing the lawn, plowing
snow, etc.) and simple repair tasks, as well as being on-call around the clock, for
example, if a resident locks themselves out of their home. [46]

Some of the trends affecting this vertical in Finland include the high average
age of the professionals working as facility managers (which tells that the field
has not attracted enough young professionals), the increasing amount of housing
cooperatives due to urbanization (which increases the demand for facility managers),
as well as the increasing amount of technical knowledge that is required by the
position (which, due to the high average age of facility managers, puts a strain on
them to stay up-to-date with the latest technological developments). Being more
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environmentally conscious is also a trend that affects both facility managers and
facility service companies. [47]

According to a report on the real estate industry’s role in the Finnish economy
from 2020 by Pekka Lith, the value of the Finnish facility management market
is around 1.14 billion euros annually, while the recurring housing services seg-
ment (including cleaning, building maintenance, technical servicing, and yardwork)
accounts for around 4.64 billion euros annually. The types of companies in the
facility management field range from large multinational companies such as Realia
Isännöinti Oy to small localized ones, and even to sole proprietor entrepreneurs.
Housing service companies also range from large multinational ones, such as ISS,
all the way down to small companies and sole proprietors. [48]

Due to the Finnish facility management market’s uniqueness when compared to
how this field is operated in other larger markets and countries outside of Finland,
digitalization in this area has been lagging behind the other verticals. This could
mean that the chances of finding new business opportunities are high in this area.
One example of a digital service for facility managers is Premis, a cloud-based
service that aims to digitalize all the processes related to facility management,
as well as running the facility management company itself [49]. According to a
master’s thesis from 2019 by Maija Makkonen, digitalization in the housing services
market has so far been concentrated on the internal processes of these companies,
to lower their costs to housing cooperatives, instead of developing digital solutions
for, for example, predictive maintenance of real estate property. An example of a
digital service for this area is KiinteistöVELI, which aims to automate the processes
of building maintenance activities [50]. [51]

2.5.2 Energy

According to the government agency Statistics Finland, energy-related costs (heat-
ing, water, sewage, electricity, and gas) make up between 30 to 40 % of the upkeep
costs of multi-storey residential buildings in Finland, with heating taking 21.5
percentage points of that total. Thus, energy-related costs are the single largest
part of the total maintenance costs of a Finnish residential building (in second
place are repair costs with a 22.7% share). [52]

According to research by the Finnish Environment Institute (SYKE), housing
and energy use make up 29% of the carbon footprint of households in Finland,
which translates to approximately 3.1 tonnes of CO2 equivalent, with the average
carbon footprint per person per year varying between 10.1 to 12.6 tonnes of CO2e.
These figures emphasize how reductions in household energy usage can result in
significant reductions in the carbon footprint of households and individuals. [53]

Besides housing cooperatives on the demand side, supply-side actors in this
vertical consist of electric power companies, district heating and cooling companies,
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water companies, and gas companies. Some companies operate in more than one of
these areas, such as both electricity and district heating. All of these sectors have
a mix of both public and private companies, except for water, which in Finland
is always publicly run by either local cooperatives or by water utility services or
companies owned by the local municipality. One example of a company in this
sector is Helen Oy, which is owned by the city of Helsinki. Helen produces and
sells electricity, district heating, and district cooling, mainly in the Finnish capital
region. [54]

Besides these supply-side companies for energy, it is also important to take note of
the companies that design, sell, install, and/or maintain and repair all of the energy-
related infrastructure of residential buildings. These include HVAC, plumbing,
and electrical installation companies, which also range from large construction
companies to small local contractors.

Increasing the energy efficiency of buildings has been a significant trend in the
real estate market for decades, and strides in this area have been made both in
building construction, renovation, and day-to-day operations. Digitalization has
played a large part in this development on the supply side, but there are still many
areas for improvement on the demand side, especially in the management of energy
use via intelligent automation. The emergence and adoption of smart energy grids,
increasing local energy production (solar panels, wind turbines, and geothermal
heat pumps), increasing adoption of electric cars, and the emergence of battery
backup systems are also trends that will have a huge effect on this vertical during
the coming years and decades. [55]

According to a market research report from 2020 by the Green Building Council
Finland, Finland has over 40 000 housing cooperative apartment buildings, most of
which are in need of a total renovation. The report estimates that the amount of
business opportunities for more efficient energy solutions and energy renovations
in these buildings could total more than 2 billion euros during the 2020s [56].
Another source for estimating the size and business potential in this vertical is the
document "Pitkän aikavälin korjausrakentamisen strategia 2020-2050 - SUOMI",
roughly translating to "The Long Term Real Estate Renovation Strategy of 2020-
2050 - FINLAND", which was compiled by the Finnish Ministry of the Environment
between the years 2018 and 2020 by adhering to recommendations set in 2018
in a directive by the European Commission. The goal of the strategy is an
extremely energy-efficient and close to carbon-free building stock by 2050. The
actions described in the strategy are estimated to cut Finland’s heating energy
consumption by 50% and real estate heating’s carbon emissions by 92% by the year
2050. The report estimates that implementing the strategy will cost 24 billion euros
over 30 years (or 800 million euros per year). A large contributing factor towards
achieving the goals of this strategy is the implementation of smart digitalized energy
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solutions. [57]
Due to the huge money saving potential in this segment, there are a lot of

different companies offering a multitude of solutions for increasing the energy
efficiency of buildings. Currently, the most prominent ones of these solutions
concentrate on the intelligent automation of HVAC systems and general electricity
usage. Examples include Wattinen by DNA Oyj, which is a system for controlling
and optimizing the heating of a multi-story building, and Leanheat by Danfoss,
which is an AI-powered heating management system for buildings that use district
heating. [58][59]

2.5.3 Safety, Security, and Mobility

This category is a combination of the three overlapping areas mentioned in the
title. Instead of covering each of them separately, it is beneficial to consider them
all together, as a solution or service in one of them can easily have an effect on one
or both of the adjacent areas.

Safety includes things such as fire safety (alarms, suppression systems, and fire
safety compliant building design), health safety (clean air and proper humidity,
noise abatement, as well as temperature, lighting, water, and sewerage control),
safety of use (i.e., the building and its premises are designed to be safe to use), and
accessibility (the needs of children, the elderly, and persons with disabilities are
taken into account in building design). Guidelines for these can be found in The
National Building Code of Finland. [60]

Security can include physical access control (i.e., fences, walls, and other barriers),
security lighting, alarm systems and sensors, video surveillance, mechanical and
electronic access control systems, identification systems and access policies, as well
as security personnel.

Lastly, mobility includes all things that affect how efficient and easy (or compli-
cated) it is to move in and out of your residential building and your home in it,
such as elevators, sliding doors, garage doors, and motorized doors.

It is difficult to find up-to-date and exact figures about the size of the Finnish
markets for building safety and building mobility. A Technical Research Centre
of Finland Ltd. (VTT) report from 2010 states that the combined revenue of
the Finnish security sector was 2.51 billion euros during 2008. With auxiliary
businesses counted as well, this figure was estimated to be as high as 7.39 billion
euros. (Auxiliary in this context means companies whose core business does not
comprise of security products and/or services, but whose business still has a clear
relation with this industry.) The report also states that commercial and industrial
customers make up around 70% of this market, with the public sector and real
estate & consumer markets taking around 15% each. Based on this information,
it can be deduced that the residential real estate security market was around 377
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million euros (or 1.11 billion with auxiliary business included) in 2008. It would be
safe to assume that the market has not shrunk in size since then due to increases
in population, urbanization, and digitalization. [61]

The benefits of digitalization in security products and services are clear, as
interconnected and automated cameras, alarms, and access control systems make
real-time surveillance much more effective. Examples of such solutions include
the product portfolio of Bosch Security and Safety Systems and the digital access
solutions of ASSA ABLOY [62][63]. An example of digitalized mobility solutions
is the KONE Residential Flow platform by KONE Oyj, which aims to provide a
seamless experience for controlling access to a residential building. It even enables
facility managers to share building-related updates with residents through the
system’s mobile app, which shows how the different digitalization verticals can
overlap [64].

2.5.4 Social, Community, and Health Applications

Like in the previous category, these areas are well suited to be grouped together
due to their potential overlap in solutions. Social and community applications in
the context of residential buildings are related to the novel concept of communal
living, also called cohousing. Simply put, communal housing means that a group of
households share spaces, equipment, and services. The households themselves can
be rented or privately owned, such as in the case of Finnish housing cooperatives.
Thus, communal living or cohousing does not necessarily mean shared housing,
where the actual living areas are shared as well. Health applications in smart
buildings can be solutions specifically designed for monitoring and/or improving
the building users’ health, or it can be a secondary function of a solution that
better fits into some of the other categories.

Communication platforms such as Facebook, WhatsApp, and others can be
counted into this category, as they might be used by the owners and tenants in
the context of their building. However, they do not have any specific built-in
functionality that could be especially useful in residential buildings, i.e., they have
not been designed from the start with smart buildings and communal living in mind.
Similar messaging functions and communication platforms could be included into
building specific digital platforms, which would add synergy benefits to the whole.
Besides direct communication, other social applications could include reservation
systems for shared spaces and equipment, tenants listing their skills and privately-
owned items that they are willing to share with other tenants, gamification functions
(to incentivize tenants to lower their energy consumption, for example), and so on.
Digital health solutions for smart buildings are usually designed in the context of
hospitals and retirement homes, but some could be implemented in regular housing
cooperatives as well. An example could be elevators that can be used hands-free,
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either by voice recognition or motion controls. This can significantly lower the
amount of commonly touched surfaced, which can act as transmission vectors for
bacteria and viruses.

Trends affecting these areas include the aging and diversifying population of
Finland, which increases the need for better healthcare and better ways to create
communality. The COVID-19 pandemic will most likely have an impact on building
design as well, necessitating designs that help prevent the spread of such diseases,
of which hands-free operated doors and elevators are examples of.

It is difficult to estimate how big of a market this vertical is or how big it
could become, as the areas of this category have not really been researched and
developed specifically with smart buildings in mind. Estimating market values
for these areas, especially in the Finnish context, is thus not feasible. However,
examples of products and solutions can be found. These include HomeBeat.Live
and Livly, which are social platforms for residential buildings, and the previously
mentioned KONE Residential Flow, which lets tenants operate doors and elevators
hands-free while also incorporating some communications features [65][66].

2.6 Issues and Barriers for ISPs in Smart Real Estate
This chapter covers issues and barriers in smart buildings, specifically in residential
real estate, that affect ISP business, their business ambitions, and IoT adoption in
this market area. Many of these issues and barriers can be considered universal for
IoT applications, no matter the context in question. The topics covered here include
market fragmentation and interoperability, expanding beyond core competencies,
security & privacy, legal issues, cost issues, and lack of customer knowledge, killer
applications, and customer demand in the smart building market. Some thoughts
on overcoming these issues and barriers are also included.

2.6.1 Market Fragmentation and Interoperability

As evidenced by the previous chapters on technologies for real estate digitalization,
the IoT market is saturated with options for all of its different aspects. Different
network and building automation technologies are plentiful, and IoT hardware and
software are available from a multitude of companies, both large and small. This
plethora of options naturally leads to challenges due to market fragmentation, as
well as increasing difficulties for ensuring interoperability between combinations of
hardware and software from different vendors. Fragmentation also works against
achieving the benefits of network effects, which can make or break an IoT solution’s
feasibility. More users for an IoT solution leads to more data collected, which ben-
efits the continued development and iteration of the solution in question, especially
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when it comes to achievements that can be made through big data analytics and
machine learning.

The global IoT market is not consolidating according to a report from IoT
Analytics, with 620 IoT platform vendors in 2020, up from 450 in 2017. The report
states several reasons for this development, which are that there are many niches
in IoT, that it is easy to become an IoT platform on paper, and because many
smaller providers are and can still stay profitable. Despite this fragmentation, the
market is still concentrating around a few providers, with the top 10 companies
holding a 58% market share in 2019. [67]

According to the Internet Engineering Task Force (IETF), interoperability is
one of the core values and main goals of the Internet. Without it, users and devices
cannot connect, speak, share, and innovate with each other. However, achieving
interoperability is complex as it needs to be achievable on multiple levels of the
hardware and software stacks that are in use. The issue is further complicated by
the need to take security, privacy, legality, and liability matters into account on
each facet of the IoT infrastructure. [68]

Another factor related to fragmentation and interoperability is the question of
whether to embrace open standards, protocols, and technologies or whether to invest
in proprietary solutions. Proprietary and siloed systems might be beneficial for some
markets, especially if a company is a first-mover and can achieve a sustainable and
large enough market share before its competitors. Once a customer has bought into
such a walled-garden ecosystem, they are much more locked in to their investment,
whereas open standards and ecosystems do not limit customer freedom and choice
in the same way. Open standards benefit the whole market in that they provide
a level playing field for both old and new actors in the market. They also enable
interoperability much more easily when compared to anything proprietary. One
final benefit open standards provide is a larger employee talent pool for the whole
industry, as multiple companies sharing similar technology stacks make it easier for
professionals to move from one company to another.

Problems in interoperability also stem from the inherent differences in how
software and hardware are developed. The software space is characterized by a
larger tolerance for faults, faster iteration, less robust testing, and faster time to
market. The hardware space is much the opposite, with a low tolerance for faults,
slower iteration, a need for robust testing, and a slower time to market. A big
reason for this is that an error or failure in hardware can more easily lead to people
actually getting hurt or even dying, which is why hardware is also typically much
more heavily regulated. Hardware is also difficult or impossible to improve and
update after it has been deployed into use, which increases the need for thorough
testing and quality control.

Based on these observations, ISPs interested in the residential smart building
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market have a few key questions that they need to consider when assessing the
issues of market fragmentation and interoperability. These boil down to figuring
out what is the right combination of network technologies for their purposes (i.e.,
what will their smart building IoT network infrastructure be like), and deciding
what standards, protocols, technology stacks, and third parties they will invest in
when formulating their product and service portfolios for their target customers
(i.e., housing cooperatives in the context of Finland).

2.6.2 Expanding Beyond Core Competencies

The core of ISP business, as the acronym implies, is to provide connectivity to
the internet for any and all customers. The ISP market in Finland is heavily
competitive between the three major ISP companies Elisa Oyj, Telia Finland Oyj,
and DNA Oyj, who each try to upend and outcompete the others to gain a larger
market share. This heavy competition has led to low subscription prices for internet
connectivity across the board, which has incentivized these ISPs to find other
ways to expand their business, such as offering additional services on top of the
monthly subscriptions for internet connectivity, like cable-TV connections and
video-on-demand services. The smart building market is one of the more recently
emerged niches that could prove to be profitable for ISPs in the future.

In his book "Beyond the Core" from 2004, author Chris Zook identifies six
different types of adjacent business growth, which are: moving the core business
to a new location, serving a new customer segment, entering a new distribution
channel, selling a new set or category of products to your existing core customers,
integrating a new step into the company’s value chain, and building a totally new
business based on the company’s existing capabilities. An ISP expanding into the
smart building market would clearly fit the definition of selling new products and
services to existing customers. Depending on the business strategy, the move could
also involve changes to the company’s value chain, as well as building new business
with existing capabilities by, for example, internally developing new products and
services for the market. [69]

The findings in the book imply that the best growth strategies are usually
those that extend a company’s strengths and core business one step at a time.
As ISPs already have existing customer relationships with residential housing
cooperatives, expanding their product and service portfolio from internet and cable-
TV connectivity towards IoT offerings seems logical, especially as any building-
specific IoT solutions will depend on the internet connectivity that ISPs already
provide. The difficulties lie in figuring out what products and services are of interest
to customers (and/or which of these can be made desirable through marketing
and other means) and how these should be procured for sale (i.e., should they be
developed internally or should they be obtained from third-party developers).
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Considering the existing resources and competencies of ISPs, any IoT solu-
tions that can be built with networking hardware, cloud-based software, and/or
by leveraging open interfaces on existing smart building systems could probably
be developed internally. These could include services and products in the previ-
ously defined building management and social, community, and health applications
categories. Solutions that require more specialized hardware and software should
probably be procured from other sources via partnerships, outsourcing, subcon-
tracting, or other similar means. The energy and safety, security, and mobility
categories would more likely require using these means to achieve business success.

2.6.3 Security & Privacy

Security and privacy are hugely important factors in IoT applications. Trust is
one of the key factors of a functioning Internet, as without it, nobody would dare
to use it. IoT expands the reach of the Internet into totally new contexts, which
increases the need for achieving user trust in matters of data security and data
privacy. Manufacturers are thus faced with the dilemma of determining what type
of security and privacy features in these relatively inexpensive IoT devices are
cost-effective and adequate enough to achieve the required user trust. The situation
is further complicated by the exponential increase in the number of interconnected
devices, which exponentially increases the number of potential attack vectors against
the system as a whole. The growing reach of IoT and our society’s increasing
dependence on IoT applications makes the potential for damage that much greater
if, for example, somebody would hack into personal health devices or a city’s traffic
control system.

The relative simplicity, similarity, and even identicality of IoT devices also raise
the risk of these devices sharing the same design flaw(s) and/or security weaknesses.
One hacked IoT device could mean that a massive number of similar devices would
be vulnerable as well. Multiple use-cases also require IoT devices that can operate
autonomously for years, even up to or more than a decade, which means that an
IoT device might even outlive the company that designed it. This could complicate
device support and maintenance significantly. Another factor complicating IoT
security is that many IoT devices, due to their hardware and/or software design,
might not even be upgradable once they are deployed into use. Low user visibility
and transparency into how these IoT devices operate could also prevent users from
noticing if a device has been compromised. IoT devices are also often deployed into
open physical environments with no proper access control, which can leave them
physically accessible and thus exploitable to malicious actors.

As IoT devices proliferate, concerns about data privacy grow hand-in-hand with
data security. The data generated by IoT systems and devices should naturally
be useful for its owners, but it might be useful for others as well, such as the
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device manufacturer, researchers, government authorities, and so on. This can
lead to conflicts of interest in regards to data privacy. Managing IoT devices’
privacy preferences is not simple either, as in many cases there are no direct ways
to interface and control IoT devices individually. In these cases, privacy must
be controlled using management services, which also need to enable the scalable
handling of hundreds, thousands, or even larger number of similar devices. The
spread of IoT also means the spread of monitoring technologies from public places
to homes and other private environments. This can expose individuals to forms of
data collection that they have not explicitly consented to, and data gathered and
synthesized from multiple different sources can lead to even further breaches of
an individual’s privacy. Due to their nature, IoT devices could also create a false
sense of security, encouraging users to give up their private information without
knowledge of the potential consequences of such actions.

2.6.4 Legal

Novel IoT solutions bring with them new legal challenges regarding rights and
regulations. These stem from data-flow related issues, the possibility of discrimina-
tion based on IoT data, the relationship between law enforcement and private and
public IoT systems, as well as liability related issues. Data generated by an IoT
system often relies on a cloud-based backend, which might also lead to data flows
across different countries with different laws and regulatory and judicial systems.
Dataflows between different applications, systems, and/or companies with different
user privacy preferences also need to be taken into account in legal considerations,
while also aiming to lessen the impact of fragmentation in these systems. Legal
issues related to data flows exist in the traditional internet context as well, but
the matter is further complicated by the often autonomous nature of IoT devices
and systems. Autonomous and dynamic IoT systems make it much harder to
define clear legal rules and guidelines when compared to the more static and pre-
dictable cross-border data flows of regular internet applications. The autonomous
nature of IoT can also enable these systems to make decisions with no chances
for human intervention or real-time oversight. This raises the question of whether
existing privacy, anti-discrimination, and liability laws are adequate enough for
these situations.

The massive amounts of data generated by IoT devices and systems are naturally
of interest to government authorities and law enforcement. However, these interests
might conflict with peoples’ right to privacy and the agreements between the IoT
operators and their customers. Therefore, should IoT data be securely encrypted
to protect individuals, or should authorities be able to access it if they claim it is
necessary in the name of public security? Liability issues over autonomous IoT
systems are also an important dilemma to consider, as a society needs to be able to
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determine who is ultimately legally responsible for the actions taken by autonomous
IoT devices and systems.

2.6.5 Costs

Cost is often a decisive factor when a buyer is deciding between similar competing
products or deciding whether to invest in anything at all. The same is true for
companies figuring out whether or not to invest in new business ventures, which
might require significant upfront investments into new human and/or material
resources. The smart building market has many costs related aspects specific to
it that its stakeholders need to consider. For example, what would the capital
and operating costs of an IoT system be, both for the system operator and the
owners of the building? What are the returns on investment? What are the costs
of designing, producing, and/or procuring, installing, and maintaining that system?
How much would it cost to design and install an IoT system into a building during
its construction? What about retrofitting an existing building? Would retrofitting
be more costly, and if so, by how much? Moreover, how do the different costs of that
IoT system split, or how should they be split, between the different stakeholders?

Generally speaking, purely software-based solutions are cheaper to design, build,
and implement than solutions that also require the installation and/or access to
specific hardware, especially if that hardware and its supporting infrastructure do
not already exist. Based on this fact, the previously listed categories also have clear
cost differences when it comes to implementing their solutions into use. In their
most basic form, building management and social and community applications could
just be digital platforms with their own web interfaces and mobile applications.
Access to building specific hardware and infrastructure would not be necessary, but
it would add value and increase the number of solutions and use cases that could
be developed and implemented into the platform. In contrast to these, solutions in
the energy and safety, security, and mobility categories would be more reliant or
even fully dependant on having access to pre-existing infrastructure, such as the
building’s HVAC and security systems, or would require the installation of new
hardware.

2.6.6 Lack of Customer Knowledge, Killer Applications, and Customer
Demand in the Smart Building Market

When looking at worldwide Google Search queries over the 2010-2020 time frame,
the term "smart building" is relatively unknown or unused in comparison to the
terms "smart home" and "smart city". The results shown in Figure 5, serve as an
implication about the general populations’ current awareness, interest, and demand
for solutions and products in the smart building market.
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Figure 5: Google Trends interest between 2010-2020 for the terms "smart building",
"smart home", and "smart city". [70]

This lack of popularity in Google searches is also in line with an apparent lack
of research papers on the subject of smart buildings. As of January 2021, searching
for the term "smart building" on Google Scholar returns around 31 700 results,
while the terms "smart home" and "smart city" return 253 000 and 178 000 results,
respectively. [71][72][73]

The term "killer application" refers to products, services, and/or solutions that
are themselves so desirable that they prove the feasibility of the technology they
are based on. The Merriam-Webster dictionary broadly defines the term "killer
app" as "a feature or component that in itself makes something worth having or
using" [74]. Products, services, and solutions fitting this definition in the smart
building context are hard to find.

The lack of customer knowledge and killer applications are some likely causes
for the lack of customer demand for smart building solutions, since how could there
be demand for something that the general populace does not even know to exist?
Increasing the level of customer awareness through marketing, advertising, and
other similar means is likely something that the smart building market’s supply
side stakeholders need to do to incite and grow the demand for their offerings.
Successful marketing and advertising are themselves dependant on the products and
solutions being mature enough to create a business around since an offering that
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does not meet marketing promises and market expectations will lead to worsening
customer relations. Coming up with a definite killer application could help greatly
in kickstarting this market for ISPs.

2.7 Overcoming the Issues and Barriers
Based on the sections covered here, it is clear that ISPs face multiple challenges in
creating new business around the concept of smart buildings. Solving the issues of
market fragmentation and interoperability will require thorough technology and
market research, weighing the pros and cons of each avenue of approach into the
market while striving to build an engrossing and synergistic portfolio of products
and services. Leveraging your company’s strengths while minimizing the impact of
your weaknesses is key in expanding the company’s business a step away from its
core. Concerns with security and privacy need to be addressed with careful product
and service design and by being open to customers about how their data is used
and secured. This aspect will also require legal consultation to ensure that each
practice aligns with GDPR and other privacy and security regulation. The cost
structure and value chains of the business need to be carefully considered so that
the business is profitable and that your offerings are priced desirably. However, just
having desirable prices will not be enough, as educating potential customers through
marketing and advertising is crucial for kickstarting and growing the market. This
can be further advanced by figuring out the killer app(s) of smart buildings by
doing market research, benchmarking other companies and upcoming startups, and
surveying the interests, needs, and wants of potential customers.
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3 Theoretical Tools, Methods, and Frameworks
This chapter lays out and explains the tools and frameworks employed in the latter
analytical parts of the thesis.

3.1 PESTLE Analysis
Political, economic, socio-cultural, and technological analysis, or PEST analysis for
short, is a framework that is used to analyze a company’s external environment in
strategic management or when doing market research. Variants of the framework
include other factors such as legal and environmental considerations (in which
case it is known as PESTLE analysis). The applicability of these factors varies
depending on the company in question, as well as the industry it operates in, and
on the goods it produces. [75]

Political factors relate to how the government or other legislative bodies, such
as the European Union in the European context, intervene in the economy. Political
factors also include taxation and law policies, such as labor law, environmental
law, tariffs, trade restrictions, and political stability. Political factors also have an
influence on the infrastructure, health, and education of a nation.

Economic factors include economic growth, inflation rate, interest rates, and
exchange rates, which naturally have a significant impact on how businesses operate
and make decisions. Factors specific to the industry in question can also be included
here.

Social factors include population growth rate, age distribution, career atti-
tudes, views about safety, health consciousness, and other cultural aspects. These
have an effect on the demand for a company’s goods and on how that company
operates.

Technological factors include aspects such as the rate of technological change,
level of automation, technology incentives, and research and development activity.

Legal factors include employment law, consumer law, discrimination law,
antitrust law, and health and safety law. These have an impact on company costs,
consumer demand, and dictate how a company can operate within the specific legal
framework. These factors can also be grouped together with the political factors,
as they are closely related.

Environmental factors include aspects such as weather, climate, and climate
change. Awareness about ecological matters and climate change has had and will
have a significant impact on how companies operate and how the general public
perceives them. These factors can also diminish or destroy existing markets or
create new ones. Environmental factors can also alternatively be incorporated
under the economic, social, and/or technological factors.



33

As stated before, the applicability of these factors depends on a multitude of
variables. For example, a global defense contractor will be greatly affected by
political factors, while business-to-business and consumer companies are more likely
affected by social factors. Large companies operating in a multitude of different
industries may find it more useful to employ this framework one department at a
time, while multinational companies may need to conduct the analysis based on
geographical divisions.

In essence, PEST analysis can help spot new business opportunities and give
advance warnings of business threats. It can reveal the directions of change in a
company’s business environment, which helps in aligning the company to work
with these changes instead of trying to work against them. It can help prevent
starting projects that are likely to fail for reasons beyond a company’s control.
Moreover, it can help a company break away from assumptions and prejudices
when entering a new market, region, or country by developing an objective view of
that environment.

3.2 SWOT Analysis
SWOT analysis is a strategic planning method that is used to identify a company’s
strengths, weaknesses, opportunities, and threats in the preliminary stages of
decision-making processes. It assumes that strengths and weaknesses are generally
internally related, while opportunities and threats are presented by the external
environment. Figure 6 presents a two by two matrix, which is how a SWOT analysis
is commonly presented. [76]

All of these four segments require their own approaches to achieve as optimal
of an outcome as possible. Strengths should be maintained and improved, while
weaknesses should be fixed or minimized. Opportunities should be grasped, while
threats should be avoided or at least minimized if at all possible. These four
segments can also be divided in terms of their relationship with time, as strengths
and weaknesses are generally based on views of the company’s past and present
state, while opportunities and threats concentrate on the possibilities of the present
and future.

SWOT analysis is often used when a desired objective or end-state is already
defined. The results of the analysis can then be used to estimate how attainable
that objective is. An objective that is deemed unattainable or not worthy of the
risks can then be modified or changed to something else completely. SWOT can also
help assess a company’s strategic fit, which means the degree to which a company’s
internal environment matches with its external environment. The better the match,
the better the strategic fit.
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Figure 6: SWOT analysis matrix

3.3 Porter’s Five Forces
Porter’s Five Forces is a business strategy framework that is used to analyze the
attractiveness and likely profitability of an industry. It identifies five forces that
make up the competitive environment of an industry. [77] These are:

1. Threat of New Entrants

2. Threat of Substitutes

3. Bargaining Power of Buyers

4. Bargaining Power of Suppliers

5. Competitive Rivalry

Threat of new entrants means the likelihood of new companies entering the
market that a company operates in. How easy or hard is it to do? What are the
costs of entering that market, and how strictly is the market regulated? If entering
the market takes little time, money, and effort, if competing is easy, and/or if
key technologies are easy to copy or emulate, the threat of new entrants is high.
However, if barriers for market entry are high, a company can more easily preserve
its position and take advantage of it.
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Figure 7: Porter’s Five Forces model

Threat of substitutes refers to the likelihood of a company’s customers
finding a different way of doing their business that is not reliant on whatever that
company is supplying them with. For example, can a company substitute a unique
automation software by doing the same process manually, by outsourcing the
process, or by finding another product or service that can handle that same process?
If a company’s offering is easy to substitute, that can threaten the company’s
market position and profitability.

Bargaining power of buyers means their power to drive a company’s prices
down. This depends on how many buyers there are, how big their orders are, how
high their switching costs to another supplier are, and if the buyers are strong
enough to dictate their suppliers’ prices. When a company deals with only a
few customers, the more power these customers have. Conversely, buyer power is
lessened the more potential buyers a company has for its products and services.

Bargaining power of suppliers is determined by how easy it is for a com-
pany’s suppliers to increase their prices. This depends on how many potential
suppliers a company has, which is influenced by how unique their products and
services are, and how expensive it would be to change from one supplier to another.
The more supplier options there are, the easier it is to change to a cheaper alterna-
tive. Conversely, the fewer supplier options there are, the stronger the suppliers’
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position is to charge a company more for their products and services. This can
lead to lower profits for a company that is dependant on these suppliers.

Competitive rivalry takes a look at the number and strength of a company’s
direct competitors. It defines how many rivals the company has, who they are,
and how their offerings compare to its own products and services. In a highly
competitive environment, companies can attract customers with aggressive pricing
and marketing campaigns. In these kinds of markets, a company’s suppliers and
buyers have lots of other options if they feel like doing business with a particular
company is not the best option for them. In contrast to a highly competitive market,
a market with low competition, with no one else doing what a single company does,
means that that company has control of the market and can more easily achieve
healthy profitability.

In essence, the Porter’s Five Forces framework can be used to shape and guide
business strategy to increase a company’s competitive advantage. It is often used
as a starting point when performing business analysis and in conjunction with
other types of frameworks, such as value chain analysis.

3.4 Scenario Analysis and Scenario Matrix
Scenario analysis, alternatively called scenario planning or scenario thinking, is a
strategic planning method that can be used to formulate flexible long-term plans.
It takes into account multiple variables and factors such as market trends, key
uncertainties, and information about the industry in question, and it can also
benefit from the insights provided by PEST analysis.

Scenario analysis is especially relevant in the case of emerging markets and
technologies, where the challenges of uncertainty, complexity, and paradigm shifts
can rarely be answered with other methods and techniques. In contrast to risks,
uncertainties cannot be expressed via precise numbers and figures, and complexities
are a result of the forces and trends that can be brought to light and assessed by
utilizing the PEST framework, for example. Uncertainties are also significant for
creating scenarios, as there is no point in formulating alternative visions if any of
them are certain to become true in the future anyway.

One example of a process of developing different scenarios is defined in the
research paper titled "Scenario Planning: A Tool for Strategic Thinking" by Paul J.
Schoemaker [78]. He lays out the steps of the process as follows:

1. Define the Scope. This step is used to define the time frame and scope
of the analysis. The time frame can be arbitrary or linked to something concrete
like political elections, product life cycles, or the rate of technological change,
for example. The scope is used in terms of technologies, products, markets, and
geographic areas.
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2. Identify the Major Stakeholders. Stakeholders can include actors such
as customers, suppliers, competitors, employees, shareholders, the government, and
so on. The stakeholders’ current roles and how their roles have changed over time
are useful to consider as well.

3. Identify Basic Trends. Trends are factors that the company employing
scenario planning does not (generally) have control over. These can include factors
such as political, economic, societal, technological, legal, environmental, and indus-
try trends. The trends that need to be considered should have an impact on the
issues identified in step one. Each trend should be explained in terms of how and
why it impacts the company’s business and whether that impact will be positive,
negative, or uncertain.

4. Identify Key Uncertainties. These are also events that will significantly
affect the company but whose outcomes are uncertain. These can again fall into
the economic, technological, societal, legal, and industry-specific categories. Each
uncertainty needs to be considered in the form of their possible outcomes, which
are best kept as simple as possible. Relationships between the uncertainties are
also useful to identify and consider.

5. Construct Initial Scenario Themes. Trends and uncertainties are used
in this step to construct the initial scenarios. One simple way to do this is to stack
all of the positive and negative elements into separate scenarios.

6. Check for Consistency and Plausibility. These simplified scenarios then
need to be checked for inconsistencies and implausibilities. Three simple checks for
these are to check that the trends are compatible with the chosen time frame, that
the scenarios combine outcomes of uncertainties that go well together, and that
the actors in each scenario occupy roles that fit them well and which they will not
be likely to move out of.

7. Develop Learning Scenarios. This step is used to identify themes from
the initial scenarios that are the most strategically relevant. The possible outcomes
and trends are then organized around these. Although the identified trends are
present in each scenario, they can be given more or less weight, or they might have
changing levels of impact in each different scenario. The scenarios should also be
given unique names that help to distinguish them.

8. Identify Research Needs. The learning scenarios are then used as tools
for further research and study for understanding the uncertainties and trends. This
phase should be used to identify blind spots in knowledge, and to explore the limits
of the industry in question, as innovation most often happens in the fringes of what
a company considers to be its core business.

9. Develop Quantitative Models. After performing additional research, the
internal consistency of the scenarios should be evaluated. After that, the interactions
within a scenario should be assessed to determine whether it would be beneficial
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to formulate them into quantitative models. These models can help in predicting
the evolution of growth rates, market shares, pricing developments, and others like
them inside these different scenarios.

10. Evolve toward Decision Scenarios. The final step of the process is
about iterating the formulated models, which should eventually be useful for testing
business strategies and for generating new ideas. Steps one through eight should
be retraced to see if the learning scenarios address the issues faced by the company,
and the final question to ask is whether the formulated scenarios are ready to be
utilized to guide the actions of the organization.

The quality of the formulated scenarios should be evaluated based on their
business relevance, their internal consistency, the plausibility and variance of the
futures they describe, and the estimated staying power of each scenario, as it is
not beneficial for a company to orient and develop their business towards a system
that will not likely last for long. This method can also be utilized in a more agile
way by focusing only on the first half of the steps.

An effective and straightforward way for formulating different scenarios is to
identify the two most significant uncertainties affecting the focus area. Both
uncertainties should then be assigned two opposite and feasible potential outcomes.
An example of this could be an uncertainty like this: "Will the world become even
more globalized in the future, or will the world move back towards nationalism?".
These two uncertainties can then be placed into a two-by-two matrix, which can
be used to formulate four distinct scenarios based on the different combinations
of the opposing outcomes of the uncertainties. Figure 8 presents an example of a
scenario matrix.

If the key uncertainties clearly have preferable outcomes for the company in
question, one way to present them using the matrix is to have the positive outcomes
positioned at the top and to the right, while the negative outcomes are positioned
at the bottom and to the left. However, it is also possible that it is not clear which
direction of development or a scenario is the most beneficial for the company in
question. This underlines the importance of not letting the framework constrain
the thought processes behind the analysis. Additionally, the numbering of the
scenarios in the example here bears no real meaning, as the formulated scenarios
will be given distinct and descriptive names during the process.

Scenario planning and scenario matrix go well together with the Value Network
Configuration (VNC) method, as the results of comprehensive scenario planning
can be used to formulate different value network configurations for these different
scenarios of the future. The VNC method is described in the following section.
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Figure 8: Example of a scenario matrix

3.5 Value Network Configuration Method
The VNC method is a framework for analyzing and visualizing how value is or
can be created in networks with multiple actors. It is described in detail in [79].
These networks consist of technical components and different actors with different
roles and connections between them. Technical interfaces are drawn between the
technical components and business interfaces are drawn between the actors. Figure
9 shows the visualizations used for describing these networks.

Technical components and technical interfaces (i.e., the connections between
the components) stay the same between different value network configurations.
The differences between VNCs come from the different roles that actors can take
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Figure 9: Example of VNC method visualization

in each VNC. Different roles create differences in the business interfaces between
the actors. The roles are activities that relate to the technical components, and a
single role cannot be shared between multiple actors. Some roles also carry more
importance in a given VNC, meaning that a VNC’s functionality or feasibility can
depend on an actor fulfilling a key role in the network. The importance of a role
can vary due to changes in regulations, technologies, or market demand.

The VNC method also has some limitations that need to be acknowledged.
It only describes the present moment and does not take into account what has
happened in the past. It also describes actors and their roles as they are during
the use of a product or service and not before or after that usage. Consequently,
changes in the roles taken by different actors are not presented.
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4 Analysis of the Residential Smart Building
Market

Armed with the knowledge and frameworks from chapters 2 and 3, we can finally
perform the actual analysis of the residential smart building market from an ISP
perspective. This chapter will cover the residential smart building market as a
whole, with its final subsection focusing on the energy vertical and justifying why
it is the focus of the value network configurations in chapter 5. As the geographical
scope of this thesis is limited to Finland, one of the first logical steps to perform is
to research the size of this market, as well as the most significant trends affecting
it.

According to KTI Property Information Ltd, an independent Finnish real estate
industry research organization, the size of the whole Finnish real estate investment
market was approximately 77.1 billion euros at the end of 2019, of which 32%
(around 25 billion euros) comprised of residential real estate investments [80]. The
biennial "Rakennetun omaisuuden tila 2019" (roughly translated as "The State of
Real Estate 2019"), or ROTI-report for short, states that the value of all buildings
in Finland was around 500 billion euros in 2019, of which around 145 billion euros
comprised of 61 000 apartment buildings which housed around 1.94 million residents.
Row houses comprised a further 45 billion euros worth of buildings, housing around
712 000 residents. A quick calculation tells us that the number of potential end
customers for smart building products and solutions aimed at housing cooperatives
amounts to around 2 652 000 people, which is around half of the population of
Finland. The ROTI-report further reveals that the stock of Finnish residential
buildings, of which a significant amount has been built between the 1960s and
1980s, would require repairs amounting to 9.4 billion euros between 2016-2025 and
a further 11.1 billion euros during the decade after that. It is reasonable to estimate
that repairs and renovations of this magnitude will also necessitate significant
investments into advanced building automation and other digital technologies so
that the Finnish government’s goal of a carbon-neutral Finland by the year 2035
can be achieved. [81]

This point leads us nicely into discussing the trends and factors that affect the
Finnish residential real estate and smart building market, of which the governmental
goal of carbon neutrality by 2035 is a very significant one. A good starting point for
some other factors and trends is the report "Megatrendit 2020" from January 2020
by Sitra (The Finnish Innovation Fund). It lays out five of the most significant
megatrends that Sitra has researched and foreseen to have an effect on Finland
and the world during the next decade. Roughly translated into English, these are:
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1. Ecological reconstruction needs to start as soon as possible.

2. Our population is aging and becoming increasingly diverse.

3. Relational power is gaining strength.

4. Technology is becoming embedded in everything.

5. Our economy is seeking a new direction.

Of these five, ecological reconstruction is the backdrop that affects all the other
megatrends as well, and especially our economy, as we need to orient it away from
viewing our environment as just a resource and more towards economic models and
processes that are both socially and ecologically sustainable. Technological progress
will naturally play a huge part in this transition towards a more sustainable future.
As technology gets embedded into everything around us, the promises of the Internet
of Things and the Internet of Everything are being gradually realized. However,
in addition to overarching and all-encompassing megatrends, the residential real
estate market is also affected by smaller and more industry-specific trends and
factors. These can be analyzed with the PESTLE framework, which is the topic of
the next subsection.

4.1 PESTLE Analysis
PESTLE analysis can be used to determine the contextual and external factors
affecting the industry in question, which is the smart building industry in this case.
Additionally, it is also sensible to think of these factors from the context of the
real estate and telecommunications industries, as they are relevant to the smart
building market and ISP as well.

It is also important to recognize the limitations of this framework, which are
quite significant. As a concept, it is more of a framework for structuring a contextual
analysis instead of a specific tool or toolset for actually performing that analysis,
which could include facilitated workshops, interviews, and so on. Due to time
constraints, these tools have not been employed here, and most of the findings are
the result of extensive qualitative information research. Due to the quick pace of
our modern world, it is also important to realize that external factors can also
change and evolve quite quickly over time, which necessitates constant attention
and reviewing of the factors that are in focus. As this framework also relies heavily
on assumptions and macro-level points of view, it greatly benefits from being
employed by a diverse team of experts whose strengths and views complement
each other, which lessens the likelihood of blind spots in the analysis. All in all,
these limitations are important to keep in mind when going over the results of the
analysis in the following paragraphs.
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Political factors that have an impact on this industry from the ISP point of
view are various. For businesses across different industries, one overarching benefit
of the Finnish political landscape is its general stability and predictability, even
if the ruling coalition in the government usually changes every four years, with
the next parliament elections coming up in 2023. As of late 2020 and into the
near future, a major pressing issue is how the government will act to lessen and
counter the huge negative effects of the ongoing COVID-19 pandemic. So far, the
government’s actions have been deemed inadequate by the political opposition as
well as business figureheads, and employer unions and associations, as the acting
government has been unable to come up with and enact structural policy and
regulation changes that would enable the Finnish economy and job market to stay
globally competitive as we aim to recover from the negative economic effects of
the pandemic [82]. Regulations affecting ISP and real estate industries include
frequency spectrum regulation, housing and building regulations, energy regulations,
and environmental regulation, such as the European Union energy directive and
the Finnish government’s goal of carbon neutrality by 2035, among others [83].
The most significant regulatory factor regarding the markets in question are the
developments in energy-related regulations, as they necessitate significant increases
in energy efficiency and lowering the carbon footprint of buildings [84]. The Finnish
government has also enacted regulations to provide financial incentives towards
increasing the energy efficiency of housing [85].

Economic factors of all industries have been significantly affected by the
COVID-19 pandemic as of early 2021. Economic growth has stalled, unemployment
levels are rising, the stock markets are volatile and unpredictable, the Finnish
government is taking tens of billions of euros in debt over the coming years to pad
out the government’s budget, and people’s level of disposable income has either
increased as spending on services has decreased, or decreased as people working in
service-based sectors have lost their jobs [86]. All in all, the times are turbulent,
and markets and governments around the world are trying their best to stay afloat.
The good news is that multiple pharmaceutical companies have received approvals
worldwide for their COVID-19 vaccines, and governments around the world are
rushing to vaccinate their citizens [87]. Hopefully, the pandemic will also act as
key turning point for moving the Finnish (and the global) economy towards being
more circular and sustainable [88][89].

Social factors affecting the outlooks of the smart building market include things
such as the aging, diversifying, and relatively tech-savvy population of Finland,
public demand for climate action and eco-friendly solutions, the rapid urbanization
of our society, as well as the emergence and likely staying power of working-from-
home caused by the pandemic. The pandemic’s effects on the economy and job
market directly affect the buying power of consumers, as previously mentioned,
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which might hinder the demand for smart building solutions as people might tend
to concentrate their monetary spending on life’s basic necessities. [90][91][92][93]

Technological factors affecting the smart building market are numerous since
the development of this market is inherently tied to the continued development
of different technologies that enable the innovation of new products and services.
Finland is well primed for smart building solutions as the market penetration of
wired and wireless networks is high, thanks in great part to the work of Finnish ISPs
throughout the past decades. Advances in automation, machine learning, artificial
intelligence, data analytics (big data), cloud computing, the internet of things, 5G
networks, edge computing, and many others enable and fuel the development of
new smart building products and solutions. The market demand and incentives for
developing new ways of increasing energy efficiency in buildings are high as well.
In addition to all of this, many Finnish companies and networks of companies are
researching and investing in the technologies that power the smart city and smart
building fields, such as the KEKO Ecosystem and KIRAHub [94][95]. [96][97]

Legal factors or issues affecting these fields are not that numerous, but impor-
tant to recognize nonetheless, and they also tend to overlap with the political factors.
The EU General Data Protection Regulation (GDPR) is especially important in all
aspects of the smart building market, as the digitalization of real estate involves
multiple different stakeholders and multiple different sources and users of data. All
of this data needs to be handled securely at all times while ensuring data and user
privacy. Ownership of data is an important aspect as well. The importance of
GDPR compliance is emphasized by the fines of violating it, as infringements can
lead to fines of a maximum of 20 million euros or four percent of annual global
turnover, whichever is greater. [98][99]

Environmental factors are increasingly influential across all industries, and
the real estate and telecommunications industries are no different. Public demand
and market demand for environmentally friendly products and solutions are growing
year by year, and governments, companies, and organizations are striving to meet
this demand worldwide. As mentioned in the previous paragraphs, there are clear
political, economic, and societal factors and incentives for investing in becoming
an environmentally progressive company.

4.2 SWOT Analysis
Table 3 shows a summary of the SWOT analysis for the Finnish smart building
market from the perspective of Finnish ISPs. As all of the three major Finnish
ISPs (i.e., Elisa Oyj, Telia Finland Oyj, and DNA Oyj) share many similarities in
this regard, I have decided not to make distinctions between them in this analysis.
However, this approach necessitates that specific company details and data are left
out of consideration, such as the number of existing customers, as well as financial
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capabilities and performance. This approach also points at one of the disadvantages
of this framework, as its results are highly subjective and based on the views of the
individual(s) performing the analysis. Other weaknesses of SWOT include that it
does not weigh the impact of the factors against each other, and that its approach
is mostly one-dimensional as each attribute is generally categorized singularly, even
if that attribute could end up being both a strength and a weakness.

ISPs have a multitude of clear strengths when it comes to entering the smart
building market. They have long-standing expertise in network infrastructure
as well as developing ICT and digital services. They have extensive commercial
networks and channels for marketing and sales all throughout Finland and an
existing base of housing cooperatives and other real estate stakeholders as their
customers. Their extensive professional connections throughout Finland are also
beneficial when forging new partnerships, which are especially important in the
smart building market to offset the weaknesses that ISPs have in regards to this
market.

The weaknesses of ISPs in this market are also clear, as they generally do
not have previous experience and established expertise in developing and offering
smart building solutions. Many smart building solutions, especially in the energy
and security verticals, also require specialized hardware and hardware expertise,
which ISPs generally do not have. Fortunately, there are ways to mitigate these
weaknesses, and one of these is to form partnerships with companies that have
expertise in these areas. One step further from forming partnerships is to look into
potential mergers and acquisitions of companies that have the required experience
and expertise. Moreover, there is always the option of investing in new internal
capabilities towards these areas as well.

For ISPs, the opportunities in this market are various. As of late 2020, the
market is still very fragmented. There are a range of companies that operate within
one or more of the previously covered market verticals, with a variety of products
and solutions that can be classified as belonging to the "smart building" category.
Coordination between these different actors is not the norm, except for notable
exceptions like the KEKO Ecosystem and KIRAhub, which are trying to unite
different stakeholders together to achieve synergies between their offerings, which
are crucial for achieving the greatest chances of success for the market as a whole
[94][95]. As basically all "smart" digital products are dependant on the internet
connectivity that ISPs provide, ISPs have an opportunity to leverage their position
to their advantage when making moves in this market. This also makes ISPs
one logical option for acting as a central point of contact for both smart building
solution providers and the end-users of these products. First mover advantage
could also still be up for grabs in some of the market verticals and niches within
them. Additionally, the demand for smart building solutions is growing, especially
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Strengths Weaknesses

- Strong ICT, network infrastructure, and
digital services development expertise.
- Strong business and operations support
infrastructure.
- Established marketing and sales channels.
- Existing customer base of housing coop-
eratives.
- Extensive industry connections can help
in forging new partnerships for serving the
smart building market.

- No expertise and experience in developing
and/or offering smart building solutions.
- Many smart building solutions require spe-
cialized hardware and hardware expertise,
which ISPs generally do not have.

Opportunities Threats

- The Finnish smart building market is frag-
mented and unsettled, which gives ISPs an
opportunity to claim their stake in this mar-
ket.
- All smart building services depend on
the internet connectivity that ISPs provide,
which gives ISPs an advantageous starting
position in the market.
- First mover advantage could still be up for
grabs in some market verticals and niches.
- There is a growing demand for smart build-
ing solutions, but no well-established mar-
ketplace operators for these solutions. This
role could be filled by ISPs.

- Investing in the smart building market
could end up costing too much in relation
to the potential financial returns.
- High market fragmentation and poten-
tial dominance of closed source technolo-
gies could hinder the chances of business
success for ISPs.
- There is always a risk of investing in tech-
nologies or partnerships that do not gain
(enough) market success.
- Competing ISPs and other stakeholders
could end up capturing the market, and due
to potentially high switching costs, captur-
ing market share back from them after the
fact could end up being too difficult and/or
costly.

Table 3: SWOT Analysis of the Smart Building Market from an ISP Perspective

in the energy vertical, but there are no well-established marketplaces for procuring
smart building solutions. Due to their extensive operative functions and marketing
and sales expertise, ISPs are well poised to establish a leading marketplace for
smart building solutions, products, and services.

However, there are also clear threats for ISPs in the smart building market.
Entering the market more deeply would require investments, which could end
up being too costly in relation to the potential financial returns. High market
fragmentation and potential dominance of closed-source technologies could hinder
ISPs’ chances of achieving business success, and there is always the risk of investing
in technologies or partnerships that do not gain (enough) market success to make
the market investments profitable. However, there is also the risk of not moving
into the market fast enough, as competing ISPs and other actors could end up
capturing a dominant proportion of the market share. Due to potentially high
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end-user switching costs, capturing any market share away from these other actors
after they have gained it could end up being too difficult and/or costly.

4.3 Porter’s Five Forces
This section focuses on applying Michael Porter’s Five Forces Model to the Finnish
smart building market as a whole, which helps in categorizing the opportunities
and challenges this market entails for ISPs. The five forces are covered in the same
order as they were presented in chapter 3.3, which is: the threat of new entrants,
the threat of substitutes, the bargaining power of buyers, the bargaining power of
suppliers, and the existing competitive rivalry within the industry. The strongest or
most intense forces identified should then be used to guide the process of strategy
formulation.

Threat of New Entrants

In his research, Porter lists seven major barriers for market entry: government
policy, capital requirements, incumbency advantages independent of scale, unequal
access to distribution channels, supply-side economies of scale, demand-side benefits
of scale, and customer switching costs.

Governmental policies in the smart building industry do not present a significant
barrier for an ISP, as the regulations in play are something that an ISP has to
deal with in their core business as a network operator anyway. GDPR-compliance
will be crucial across all facets of the industry, as building and user data needs to
move from a variety of data sources to a variety of systems owned and operated
by different market actors. The level of ISP involvement and the market vertical
in question can present their unique differences as well. For example, the energy
vertical has its own slate of regulations, but these can be more of a boon for ISPs, as
apartment buildings need to be made significantly more energy-efficient throughout
the coming years and decades.

Capital requirements will differ as well across the verticals and by the level of
involvement an ISP strives towards. Management and social solution verticals will
have a lower barrier for entry, as the offerings in them will be primarily based on pure
software solutions. In contrast to these, solutions in the energy and safety, security,
and mobility verticals will generally require hardware expertise and installations
in addition to software. Taking on a role of a marketplace operator would have
relatively low capital requirements, as it would leverage the strengths ISPs already
have. On the other end of the spectrum would be a drive towards becoming an
end-to-end smart building service provider, as it would require significant upfront
investments in both capital, human resources, and developing or acquiring new
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expertise. Thus, the level of capital requirements will differ based on what kind of
a role an ISP wants to take in the market and its different verticals.

Incumbency advantages in this market, i.e., customer loyalty and brand recog-
nition, are not significant barriers for entry since the whole market is still so near
its infancy. As well established (internet) service providers, ISPs could even have
an advantage in this regard.

Distribution channels would also present no difficulties since ISPs already
have their own well-established business and operations support systems and
infrastructures.

Pure software solutions in the smart building market would have inherent
supply-side economies of scale, as each new download and user of an app would
not entail similar marginal costs as hardware reliant solutions would, where each
building would require hardware installations and maintenance for each newly
acquired customer.

The demand-side benefits of scale (i.e., economies of scale) of this market would
come in on the improvements that could be achieved via the increasing amount of
data points in different verticals. This is especially true for smart energy solutions,
as more data points would enable more efficient operations of energy infrastructures
through big data applications, data analysis, machine learning, and so on.

Finally, customer switching costs would also differ across the market verticals,
with pure software solutions having significantly lower switching costs than hardware
reliant solutions. This aspect is complicated even further by the question of whether
the market will become dominated by open or closed source solutions, as open
source ones would present lower switching costs in contrast to closed source solutions
and technology ecosystems.

Threat of Substitutes

The threat of substitutes can include aspects such as the buyers’/customers’ propen-
sity to substitute, the relative performance of substitute products and solutions,
buyer switching costs, product differentiation, the number and availability of sub-
stitute products and solutions, and the ease of substitution.

In the case of Finnish ISPs, high market saturation and competition have led
to mostly uniform internet speeds, service quality, and pricing, which means that
especially housing cooperatives have low propensities to change their ISPs since
there is practically almost nothing to be gained from it. If ISPs start to offer smart
building solutions to their existing housing cooperative customers, this can work to
their advantage in lowering the risk of substitution.

In its simplest definition, product differentiation comes from differences in price
or quality. In the smart building industry, the scale of the barriers in product
differentiation also differs across the verticals. In the hardware-dependent energy



49

and safety, security, and privacy verticals, the core goals are to lower the building’s
energy consumption, make it more energy-efficient, and make it as secure as possible.
The differentiation comes in on the software and service models that operate on top
of these core design goals, and as said, solutions in the management and social app
verticals are mostly software oriented. Due to the vast amount of different products
and solutions across the different verticals, the barrier for entry in this regard is
significant, especially if another company has already managed to develop a killer
app that fulfills the needs of one or many of the market niches. This factor also
relates to the relative performance, availability, and number of substitute products.
As the smart building market is still near its infancy, definite killer apps have not
yet emerged. No companies have achieved clear market dominance, which makes it
hard for customers to research and compare different products and solutions.

The points made about customer switching costs under the threat of new
entrants hold true for the threat of substitutes as well, and these clearly affect the
ease or difficulty of substitution. As said, purely software-based and open source
solutions present lower switching costs for customers than hardware-reliant and
closed source solutions.

Bargaining Power of Buyers

The bargaining power of buyers can include aspects such as the amount of service
provider options a buyer/customer has, the degree of dependency on current
solutions, buyer switching costs, availability of market information, availability of
substitutes, a buyer’s price sensitivity, and the differential advantages between the
products and solutions on the market.

In the currently fragmented smart building market, there are no clearly analogous
service provider options for interested customers. Also, in the case of ISPs, there
are no clear reasons for housing cooperatives to change theirs since the internet
speeds, service quality, and prices are so uniform between the three major players
in the Finnish market. As the market penetration and saturation of smart building
solutions are still low, it is not clear how dependent on these solutions the first-mover
customers are or will be. As stated in the previous segments, buyer switching costs
are lower for purely software-based and open source solutions, while the opposite
is true for hardware reliant and closed-source solutions. Availability of (easily
understandable) market information is also low, which means that the suppliers
of smart building solutions have the advantage there. This fact also means that
buyers are most likely not aware of the availability (or lack thereof) of substitutes
and differences between smart building solutions that might be offered to them.
This also lowers their sensitivity to the prices of solutions, as long as the perceived
and received values of the solutions meet their expectations.
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Bargaining Power of Suppliers

The bargaining power of suppliers can include aspects such as the number of
suppliers relative to the number of supply buyers, the dependence of a supplier on
a particular buyer, the buyer switching costs of suppliers, the differences between
analogous suppliers for buyers, and the level or the possibility of forward integration
by suppliers.

From an ISP point-of-view, the bargaining power of suppliers again depends
on the role an ISP takes in the smart building market. As most companies
developing smart building solutions are still in the beginning phases of growing
their business, an ISP as a marketplace provider would have more leverage than
them when negotiating about access rights to their platform. However, if an ISP
decides to enter into vertically integrated business deals with these suppliers, these
companies’ bargaining power would naturally increase as the ISP’s business becomes
increasingly dependant on the suppliers they have made deals with. Conversely,
these suppliers might become highly dependant, technology- and business-wise,
on the operational capabilities that an ISP can offer in a vertically integrated
partnership.

Competitive Rivalry

Competitive rivalries can be seen as the most significant determining factor for the
attractiveness of the smart building market for ISPs. The results of the SWOT
analysis in Table 3 show the strengths and weaknesses Finnish ISPs have in regards
to this market, which also define their competitive advantages when compared
to, for example, companies whose core business is in construction, real estate, or
building automation. As the smart building market in Finland is still so near its
infancy, clear competition and company rivalries do not really exist yet. This fact is
emphasized by the prominence and efforts of KIRAHub and the KEKO Ecosystem
in Finland, where the focus is on finding synergies between different companies
and stakeholders, and trying to find out and define what kind of technological
integrations, ecosystems, and business models are even possible in the smart building
market. As the three major Finnish ISPs have such similar starting points towards
this market, it will be interesting to see if, how, and when they might decide to
enter it in the future.

4.4 Scenario Analysis and Scenario Matrix
This section will utilize a combination of the scenario frameworks described in
chapter 3, focusing on the first half of the scenario planning method, which results
will then be further developed into four distinct scenarios using the scenario matrix



51

method. It is also important to state that many of the choices and observations
made throughout the utilization of these frameworks are highly subjective by nature,
which means that the results and conjectures of the analysis cannot be taken as
being the absolute truth regarding the focus areas of the analysis. With these
disclaimers in mind, we can move on to the first step in line, which is to define the
time frame and scope of the analysis.

Time frame

The time frame was chosen to be five years, as it is both not too short and not too
long. The real estate industry develops more slowly than, for example, any purely
software-based business, as it is a much more regulated and resource-intensive
industry. Lead times for real estate projects from conception to realization can
also take years and years, depending on the amount of preparatory work needed
before the shovel can even hit the dirt. These can include things such as changes in
zoning and town planning, as well as applying and receiving permits for projects.

Scope

In the case of location, the scope of the analysis is limited to Finland. The market in
question is smart buildings, and the main target customers are housing cooperatives
and their immediate stakeholders, such as the facility manager(s) or management
and maintenance companies. The products and solutions being sold divide into the
four verticals specified in chapter 2.5, which means that their range and diversity
is huge, but this is not an issue for formulating these scenarios. The technological
scope encompasses wired and wireless networks, building automation technologies,
web and mobile applications, (smart) energy technologies, building security, machine
learning and AI, cloud computing, and anything else that can benefit the smart
building market. An important distinction is whether the technologies employed at
each point of the industry are open or closed source, as this imposes limits on what
is possible for different market actors to achieve business-wise in this industry.

Stakeholders

The smart building market has a vast amount of stakeholders. These can roughly
be categorized into customers, suppliers, ISP competitors, government actors, and
others.

As stated under the definition of the scope of this analysis, the main customer
stakeholders are housing cooperatives and their own building-specific stakeholders,
such as the shareholders of the housing cooperative, the building tenants, facility
managers, management companies, and maintenance companies. Smart building
solution developers and providers can also be seen as customers from the ISP
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point-of-view, depending on how an ISP wants to approach the market and who
they want to sell their products, solutions, and services to.

Supplier stakeholders in the smart building market include other service providers
besides ISPs, such as electricity, district heating/cooling, gas, and water companies.
Building automation companies, security companies, networking technology compa-
nies, and many others supply the products, solutions, and services that enable the
functions of a smart building. The exact list of suppliers that an ISP has depends
on the role that an ISP takes in the smart building market.

The competitor stakeholders from the ISP point of view also change depending
on the ISP’s role in the market. These competitors can include other ISPs, energy
companies, building automation companies, smart building technology companies,
startups, and big tech companies with products and services that can be applied
towards the smart building market verticals.

Other relevant stakeholders include the government, its bureaus, and any other
public parties that have relations with the real estate industry, especially regarding
regulatory matters, energy usage, and environmental considerations. Company
alliances and consortiums are important to take into account as well.

Trends

As mentioned at the beginning of this chapter, a good starting point is to identify
larger megatrends affecting our society as a whole, and after those, move on to
more specific trends and factors affecting the market in question. The COVID-19
pandemic is obviously a phenomenon that will continue to affect all areas of our
society for the foreseeable future. Ideas about what kind of a new post-pandemic
normal lie ahead of us are vague at best, which means that the only certainty ahead
of us is uncertainty, at least until the pandemic is firmly behind us. Despite the
pandemic, it seems like the greater megatrends of today are not losing steam, and
some of their effects might even be accelerating due to the pandemic. And as stated
at the beginning of this chapter, according to Sitra the megatrends of today are
that ecological reconstruction needs the happen now, our population is aging and
diversifying, the importance of relational power is growing, technology is becoming
embedded into everything, and that our economic system is trying to redefine itself.

To avoid unnecessary repetition, it is good to refer back to the PESTLE analysis
in section 4.1. Most of the factors and trends listed there are applicable here for the
scenario analysis, but it is good to mention some of the most prominent ones here as
well. From the political or governmental point of view, the most significant trends
are the increasing regulatory push factors for improving energy efficiencies and
decreasing environmental footprints across all industries. Economically the most
significant trend is most likely the increasing uncertainty across different markets
and economies, which has been amplified by the COVID-19 pandemic and by the
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drive towards more sustainable economic models. The social trends of an aging and
diversifying population, rapid urbanization, and increases in working-from-home
are good to take into account as well. Naturally, technological trends are integral
to the advancement of the smart building market. Advances across different fields
and niches of technology enable the innovation of totally new products, solutions,
and services that can directly or indirectly serve the needs of the smart building
market, and in the end, all these factors are underlined by the need and demand
for environmental progressiveness.

It is also wise to consider trends that are specific to ISPs and the telecommu-
nications industry, which is their bread and butter, as well as the residential real
estate industry. A major factor in the telecommunications industry is that it is
heavily contested, and market saturation is nearly 100%, especially in the case of
Finland. This has driven ISPs to try and find new sources of revenue, of which
the smart building market is one example. As real estate is becoming increasingly
digital, connected, and "smart", and all stakeholders are putting more resources
towards environmental progressiveness, ISPs are in a good position to grow their
business within this market, especially as all digital solutions rely on the internet
connectivity that they already provide.

Uncertainties

Uncertainties are the key to formulating different scenarios of the future, and in
the case of our focus area, they are as varied as the trends listed above. To get the
obvious one out of the way first, an overarching uncertainty is the question of when
will Finland and the rest of the world emerge out of the COVID-19 crisis and what
kind of a new normal awaits us beyond the pandemic. The pandemic’s effects on
the progress of digitalization have so far ranged from detrimental all the way to
beneficial, depending on the market in question. For example, global supply chains
have been disturbed by the pandemic, which has slowed progress on some fronts.
However, the pandemic has also created pull effects for more rapid digitalization
due to the increase in and normalization of working-from-home across all kinds of
industries.

In the case of the smart building market, the list of uncertainties from the
ISP point-of-view is also extensive. It is obviously hard to know and predict how
the market will mature and develop in the coming years since it is still so near
its infancy. Will there even be a need and demand for smart building solutions,
or is this more of a chicken or the egg question, as ISPs and other stakeholders
can try to create and drive demand for smart building solutions if they so choose.
However, as the lead times and investment sizes in the real estate industry are
quite significant, it is uncertain how ready the customer stakeholders are to invest
in novel smart building solutions. A related uncertainty here is the question of the
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so-called "killer-apps" of this market; what will they be, and when will they start
to emerge in the market?

A central uncertainty is the question of who will become the key players in
the smart building market. Is it going to be the construction companies, building
automation companies, building service providers, multi-industry conglomerates, or
maybe startups who manage to figure out the first killer-apps? The direction the
market will take is of course something that ISPs can have an impact on, depending
on their own strategies and the actions they take. Another way to express this
uncertainty is the question of who will control the customer relationships of this
market. Are these relationships going to be spread across each separate smart
building product and service provider, or is customer control going to consolidate
across a few key players in the market? These uncertainties are also related to
maybe the most important uncertainty of them all, which is the question of whether
the smart building market will be dominated by open or closed source technologies.
An open and collaborative technological ecosystem might be the key towards a
thriving smart building industry, but the future might also be dominated by siloed
solutions instead.

Scenario Matrix

To formulate the scenarios using the scenario matrix, it is necessary to identify two
key uncertainties that have an effect on this market from the ISP point-of-view. The
first suitable uncertainty is the question of whether the market will be dominated
by open or closed source technologies. This has a clear impact on how an ISP
can approach the market, as developing smart building solutions and technologies
from scratch is not at the core of what ISPs do. The dominance of open source
technologies would clearly increase the number of options an ISP would have. The
other key uncertainty is whether the control of customer relationships will stay
spread across the different solution providers or whether these relationships will
consolidate over time to a few key actors. One option for ISPs could be to work
towards becoming this kind of a key player in the market. Figure 10 presents the
scenario matrix formulated from these two key uncertainties. Each scenario has
been given a name that describes the role or position that an ISP would take in it.
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Figure 10: Smart building market scenario matrix from the ISP point-of-view

Scenario Themes

Focus on Core ISP Business: In this scenario, closed source technologies
dominate the market, and customer relationships are controlled by the various
smart building solution providers. This scenario does not leave ISPs much room to
maneuver inside the market, and their best option would likely be to stay out of it
altogether. Their only contact with the market would thus be to sell wired and
wireless internet access to its various stakeholders.
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Smart Building Solution Operator: This scenario has the customer re-
lationships being controlled by the various smart building service and solution
providers, but the dominance of open source technologies would increase ISPs’
chances of generating business within the market. ISPs could do this by positioning
themselves as a trusted business partner for the smart building solution developers.
These partnerships could include technological and/or operational cooperation,
where the ISPs could help their partners in leveraging the various technologies,
APIs, and ecosystems relevant to this market to their mutual advantage. ISPs could
also take on the role of the field operator in this scenario since many smart building
solutions will require the operation and management of hardware installations into
the buildings of end-users.

Marketing, Sales, and Billing Channel: Closed source technologies take
the lead in this scenario, but the control of customer relationships consolidates to a
few key players in the market. As ISPs already have an established customer base
of housing cooperatives and extensive marketing, sales, and billing operations, they
could strive towards becoming one of these key players. These strengths can help
them attract smart building solution providers onto their platform, and the more
companies partner up with them, the better their chances of success in the market
in this central role.

End-to-End Smart Building Service Provider: This scenario presents the
most in-depth role that an ISP could take in this market. If open source technologies
take the lead in smart buildings and control of customer relationships consolidate
towards a few key players, ISPs could become significant service providers in this
area with their own selection of synergistic smart building products, solutions, and
services. Achieving this would require significant investments in both financial and
human resources, but the potential financial returns enabled by improvements in
economies of scale could be well worth the risks.

To better illustrate how these scenarios would manifest in reality, we need to
apply them to an actual business case. But in order to identify such a business
case, we first need to deduce which of the smart building market verticals present
the most business opportunities for an ISP in general. This is the focus of the next
section.

4.5 Comparing the Market Verticals
To enable an efficient comparison of the four identified market verticals, it makes
sense to briefly review their key figures, trends, and other factors, which were
covered in section 2.5. And as stated before, all of these attributes are within the
context of Finland.

The building management vertical covers the administrative tasks of a residential
building or housing cooperative. These tasks include day-to-day bureaucracy of the
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housing cooperative and upkeep of the building, handling contracts and cooperation
with utility companies, subcontracting maintenance work, and other similar tasks.
Some of the particularities of this vertical are the high average age of professionals
working in facility management (implying that the field does not attract enough
new young professionals), the increasing amount of new housing cooperatives due
to continued urbanization, and the increasing amount of technical knowledge that
is required for performing effective and efficient facility management. The size of
this market in Finland is around 1 billion euros annually, with the housing services
segment amounting to additional 4.65 billion euros. Digitalization in this sector
has so far been concentrated on internal company processes instead of the products
and services that are offered to the housing cooperatives.

The energy vertical consist of the electricity, heating, water, and gas utilities
that a building consumes. Energy costs make up a total of about 40% of the upkeep
costs of a residential building, with heating being 21.5 percentage points of that
total. The main trends in this vertical are the various push and pull factors for
decreasing the amount of energy being used and increasing the efficiency of energy
usage. This can be achieved by a combination of various means, with building
repairs and renovations being one way and with smart digital products, solutions,
and services being the other one. The Green Building Council of Finland estimates
that the market for more efficient energy solutions and energy renovations will
amount to more than 2 billion euros during the 2020s. In addition to this, the
Finnish government’s long term real estate renovation strategy has an estimated
implementation cost of 24 billion euros over the years 2020-2050, in which the
employment of smart digitalized energy solutions is a significant contributing factor.

The safety, security, and mobility vertical consists of three adjacent areas,
which consist of solutions for things such as fire safety, health safety, safety of
use, accessibility, physical access control, security lighting, alarm systems and
sensors, video surveillance, access control systems, identification systems, and all
different types of elevators and doors. One estimate for the market size of this
vertical is around 400 million euros annually, with digitalization and the increasing
interconnectedness of different technical systems being the key area of development.

The social, community, and health applications vertical includes solutions for
enabling communal and healthier living. These include internal communication
and messaging platforms, reservation systems for shared spaces and equipment,
solutions for sharing tenants’ skills and private items, and health-conscious housing
applications and solutions. Estimating this market’s size, at least in late 2020,
is practically impossible since the areas in this vertical have not really been well
researched and developed, especially in the smart building context.

Based on this knowledge, the management and energy verticals are immediately
more interesting for doing business since both are well-defined markets measured
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in billions of euros, and the need for new digital solutions and services is evident
in both. However, the energy vertical has a clear edge due to the importance of
increasing energy efficiency and lowering carbon footprints across all aspects of
society, which is emphasized by the ambitious goals set in the real estate renovation
strategy by the Finnish government. The pull and demand for novel smart energy
solutions are thus much greater and more certain than what can be said for smart
and digitalized building management solutions. This is why it makes sense to focus
on the energy vertical at first, if an ISP is interested in growing their business
within the smart building market.

4.6 The Energy Vertical
Now that we have justified further focus on the energy vertical, we can start to
look for potential business opportunities within it. A good starting point for this
search is the previously mentioned long term real estate renovation strategy of
2020-2050 for Finland. The goal of the strategy is an extremely energy-efficient
and close to carbon-free building stock, and the actions described in the strategy
are estimated to cut Finland’s heating energy consumption by 50% and real estate
heating’s carbon emissions by 92% by the year 2050. [57]

The paper describes in length all of the different actions that can and should
be taken to lower the energy consumption and carbon emissions of all types of
buildings, and these give some insight into the niches that an ISP could target in
the energy vertical. In the case of apartment buildings, solutions that aim to make
a building’s heating systems smarter are especially interesting in this regard. Of
the 62 000 apartment buildings in Finland, which contain a combined number of
1.4 million apartments, 89% are heated using district heating, seven percent using
electricity, three percent using fossil fuels, one percent using heat pumps, and less
than one percent using wood. Combined, these heating sources produce 2.4 million
tonnes of CO2, of which almost 2.2 million tonnes come from district heating. This
emphasizes how important it is to find ways to increase the efficiency of district
heating usage and district heating networks to achieve the highly ambitious goals
set in the renovation strategy. Smart building solutions that target this problem
are most likely going to be highly sought after during the coming years and decades,
as the Finnish government and industries across the board start to make moves
towards achieving these strategic goals, with companies and housing cooperatives
possibly facing fines and sanctions from government authorities if they fail to
comply with orders and regulations concerning energy usage, energy efficiency, and
decarbonization.

What kind of business cases are possible in this vertical then? Examples that
can be found on the internet include DNA Wattinen and Leanheat, which both
focus on optimizing district heating energy usage in buildings [58][59]. Both of
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these services aim to increase a building’s energy efficiency and to decrease total
district heating energy usage, which directly lead to cost savings for the whole
housing cooperative. The next section focuses on formulating three distinct value
network configurations for a somewhat similar real-life business case, which revolves
around increasing the efficiency of district heating both on the level of singular
buildings as well as on the level of the whole district heating network.
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5 Value Network Configurations:
A District Heating Business Case

The following subsections describe three different levels of involvement for an ISP
in a technical and business network that focuses on district heating optimization.
These levels are visualized with the value network configuration method, and they
are arranged in order, from the ISP point-of-view, starting from the least to the
most resource and investment intensive value network configuration.

5.1 Description and Scope
The underlying architecture of these different configurations is a smart building
service with two distinct technical components that are based on an actual real-life
business case, which has been generalized to hide any potentially confidential
business information. Technology-wise, this business case revolves around two
proprietary main components, which are a building data gateway and a building
data analysis platform. These two components can be used to aggregate and analyze
almost any and all kinds of data relevant to smart building solutions.

The solution use-case has been narrowed down to the energy vertical, with
district heating as the particular area of focus. The building data gateway connects
to a single building’s sensors and technical systems via analog or digital connections
using any available open interfaces. These interfaces also determine whether
a particular system can be fed control inputs via the gateway, in addition to
monitoring, aggregating, and forwarding the data generated by these systems. The
building data analysis platform is then fed with data from the gateway and all other
relevant sources, and this mass of data is then processed, refined, and enriched by
the platform. Finally, access to this enriched data can be sold to other actors such
as the building users or a district heating company, who can then use the data to
optimize their district heating network to achieve much greater energy efficiency
throughout their whole system and infrastructure.

For the end-users, this service’s main selling point are the achievable financial
savings in the monthly heating expenses of their building. Even though the service
would require an upfront investment into the necessary hardware and monthly
payments for its operation, the achieved savings would pay for and surpass the
service’s capital and operating expenses over time.

5.1.1 Supported Use Cases and Devices

As mentioned, the building data gateway can be connected to almost any and all
sensors and technical systems of a particular building, be it through either analog
or digital connections. These sensors and systems can include:
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• Building automation, HVAC, electrical, lighting, water, security, and other
types of technical systems.

• Temperature, humidity, air quality, motion, and other types of sensors.

Besides the data gathered by the gateway, the data analysis platform can process
data from sources such as:

• Building service providers’ own data sources and databases, such as the local
municipality and utility companies.

• Commercially and freely available data sources on the internet.

5.1.2 Assumptions

Additionally, some general assumptions need to be made so that the described
service and value network can actually function:

• The smart building market is mostly dominated by open source technologies
and APIs, which the various market actors can utilize to their benefit.

• The data gathered from the various sources of the network is sufficiently
uniform so that it can be efficiently aggregated, transferred, stored, analyzed,
and utilized within the network and by the data analysis platform.

5.2 Value Network Components
This section provides an overview of the technical components, the roles these
components have, and the different actors present in the VNC analysis.

5.2.1 Technical Components

Table 4 describes all of the technical components of the VNC models.
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Technical Component Description

District Heating
Device
1 - N

A device (e.g., radiator) installed in the end-users’ building that
gets its energy through the district heating network. Can be
monitored and even possibly controlled remotely. The types
and amounts of these devices vary by the building.

District Heating
Usage Meter
1 - N

A sensor device that monitors a particular building’s usage of
district heating.

District Heating
Data Backend

The district heating provider’s own data infrastructure which
they use to gather data and to monitor and control the usage
meters and other various devices of their district heating
production and distribution network.

District Heating
Production and
Distribution Network

The essential infrastructure that produces and distributes
the heat in the district heating network. Sources of heat and
data cover multiple different types of production, such as
different types of power plants, waste heat sources, and
heat storage units.

Building Data Source
1- N

Any type of technical device, sensor, or system installed in
the end-users’ building that can be interfaced with to make use
of the data it generates.

Building Data Gateway

A proprietary device that is installed into each particular building.
Aggregates data from all of the building’s devices, sensors, and
systems it can interface with, and then sends this aggregated
data towards the cloud for storage and analysis.

Building Data
Analysis Platform

A proprietary cloud software platform that accepts data from
practically all available and relevant data sources besides the data
coming through the building data gateway. Stores, processes,
refines, and enriches the data it receives.

Authentication,
Authorization,
and Accounting
(AAA)

The service responsible for orchestrating the access and usage
of the building data analysis platform and the data within it.
Includes information such as the state of users’ subscriptions,
user credentials, information about the external services
the analysis platform interfaces with, and information about how
the data within the platform is used.

Data Servers Stores and handles all of the data associated with the building
data analysis platform.

Smartphone / PC The device(s) used to interact with the application.

App

An iOS, Android, or web-based application that the end-users
use to gain added value from the enriched data provided by
the building data analysis platform, as well as other data
sources relevant to them

Business and
Operations Support
Systems (BSS / OSS)

The software and other relevant infrastructure that supports
the marketing, sales, billing, installation, and
maintenance operations.

Access & Core Network

The computer network that is used to connect the various sources
and users of data to each other. The access network can be either
fixed or wireless. Includes all of the base stations, routers, switches,
fiber, copper, and coaxial cables and other devices used in
providing internet service.

Table 4: Technical components of the VNCs
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5.2.2 Technical Architecture

The technical architecture behind these value network configurations is presented
in Figure 11. It shows how the different components are connected and what
technologies are used to connect them to each other. In the architecture, the
directly interfaceable technical devices of the building (i.e., district heating devices
and other building data sources) are connected to the building data gateway via
various analog and/or digital means. These can include Wi-Fi, Bluetooth, ZigBee,
Z-Wave, M-bus, KNX, BACnet, oBIX, and others. The building’s internal BAS
and LAN networks have been abstracted and left out of this presentation for the
sake of simplicity. The district heating usage meters are either interfaced directly
by the gateway, or their data is accessed via the district heating data backend if
such functionality is permitted by the district heating company. The building data
gateway is connected to the access & core network, which is an abstraction of the
network technologies and devices that the building data needs to travel through to
reach the building data analysis platform. This data analysis backend is comprised
of the building data analysis platform (i.e., software) itself, as well as the necessary
data (storage) servers and the authentication, authorization, and accounting (AAA)
service. The backend is interconnected via the regular and secure HTTPS protocol
using REST APIs. The business & operations support system (BSS/OSS) connects
to the backend via the access & core network, and it enables the marketing, sales,
billing, installation, maintenance, and other supporting operations of the service.

The app is used for interfacing with and by the end-users of the network, who
comprise of the specific stakeholders of each particular building. The app makes
use of the computer’s or mobile phone’s operating system’s (OS) APIs to enable
interaction between the users and the services provided for them. The app makes
use of the enriched data that the building data analysis platform provides. Other
sources of relevant data and information can be implemented into the app as well,
but these have been left out of the architecture for the sake of simplicity. For
better compatibility with the VNC method and the district heating use case, the
architecture is presented with more specificity in Figure 11 than in the previously
presented generic architecture in Figure 4.

5.2.3 Business Roles

Each technical component also performs a specific role in the VNC models. These
roles, their descriptions, and their related components are described in Table 5.
Figure 12 shows the roles connected to their related components.
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Figure 11: Technical architecture of the smart district heating service
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Role Description Related component

Usage
End-user devices within a building that
generate data which can be used to
improve the efficiency of district heating.

District Heating
Device 1 - N,
Building Data
Source 1 - N

Data
Collection

The meter collects district heating
usage data from the building it is
installed in and forwards it to the backend.

District Heating
Usage Meter 1 - N

Data
Aggregation

Collects data from connected sensors,
devices, and systems, and sends it
forward to other components. Enables
the employment of the collected data
elsewhere, and the remote operation
of connected components.

District Heating
Data Backend,
Building Data
Gateway

Energy
Infrastructure

As the component’s name implies,
enables the production and distribution
of district heating across a geographical
area. Also a source of data.

District Heating
Production and
Distribution Network

Data Enrichment

Generates insights from the data it
receives from the data sources of
the technical architecture. This data
can be used to improve the operations
and efficiency of these devices and
technical systems.

Building Data
Analysis Platform

Account Operation Handles the access control to the
building data analysis platform

Authentication,
Authorization,
and Accounting (AAA)

Data Storage
Handles the storage of the data that
the building data analysis platform
receives and generates.

Data Servers

Usage
(Smartphone / PC)

Used by the building’s end-users to
interact with the app. Smartphone / PC

App Provisioning

Includes the development, provisioning,
and operation of the app through the
internet and through established
platforms such as the Apple App Store.

App

Operations Support

Includes all of the business and
operations processes that enable the
marketing, sales, and billing of products
and services.

Business and
Operations Support
Systems (BSS / OSS)

Network Operation
Operation of the wide area networks that
enable the communications between
different network components and actors.

Access & Core
Network

Table 5: Business roles of the VNCs
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Figure 12: Technical components and roles of the VNCs
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5.2.4 Actors

The actors in these value networks are the end-user(s) of a building, an internet
service provider, a district heating company, and a smart building company. As
this thesis is made from the ISP point-of-view, the different roles that an ISP can
take are of special interest in this study. As each actor has their own motives and
business goals, their needs and interests define what kind of roles they could want
to take in the network.

An ISPs core business has traditionally comprised of building and operating
access and core networks and selling internet access and services. The smart
building market presents opportunities for ISPs to expand their business into new
areas of internet related services, which complement their core business. The
end-user actor is an abstraction of all of the closest stakeholders of a single building.
These include the housing cooperative/company itself, the building owners, tenants,
facility manager(s), and maintenance company/companies. The end-users are the
key to a functional value network, as they are the ones who enable the creation of
value, and make the decisions on whether to invest in new products and services,
and decide whom to source these investments from.

The district heating company is a provider of heat (and also possibly district
cooling and electricity) for residential, commercial, and industrial buildings and
other locations within a certain region. This region is defined by the size and
extent of the company’s production and distribution infrastructure and network.
District heating companies also install and operate their own district heating usage
meters in the buildings of stakeholders who are their customers. Modern digital
systems allow them to collect the data from these usage meters and their production
and distribution network into their own data backend, which they use to monitor,
control, and optimize the operations of their district heating infrastructure.

The smart building company is the final piece in this puzzle. Their role revolves
around developing new products and solutions that cater to the smart building
market, and in these VNCs, to the district heating market specifically. The building
data gateway and the building data analysis platform are proprietary intellectual
properties that they develop, sell, and license to other actors. In addition to
building a business around these solutions, they can also create new business
around monetizing the data that they collect and analyze on their platform, as
these insights could be of use in a variety of different use cases and businesses
across different industries, companies, public actors, and so on.
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5.3 Level 1 - Marketing, Sales, and Billing Channel

Figure 13: VNC level 1 - Marketing, Sales, and Billing Channel
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Figure 13 presents a VNC where the ISP takes on the role of a marketing, sales,
and billing channel operator. This is the simplest level of partnership for an ISP
in this market, as its only task is to offer its business expertise and channels to
the smart building solution provider. As the name of the VNC says, these include
the areas of marketing, sales, and billing services. Interaction and integration with
these are achieved through the ISP’s BSS/OSS infrastructure. In addition to this,
the ISP can also offer internet services and connections to the other stakeholders.
Due to the prominence of closed source technologies in this scenario, the ISP is not
invested in the technical side of the smart building services.

The smart building solution provider owns the intellectual property rights of
and develops the building data gateway and building data analysis platform, and
handles the account operations and data storage of the data platform as well. In
this VNC, they can outsource their marketing, sales, and billing operations to the
ISP, whose expertise and resources in these areas are a lot bigger than theirs. They
also sell or license usage rights to the data that they collect and analyze on their
platform to the other stakeholders. They have also outsourced the installations
and maintenance of the building data gateway to the district heating company.

The district heating company operates its own district heating infrastructure,
data collection, and data backend. Their main business is selling district heating
to the end-users, i.e., housing cooperatives. They have licensed the building data
gateway from the smart building solution provider and handle the installations
and maintenance of these devices. They have a partnership deal with the smart
building solution provider that gives them access to the data generated by the
building data analysis platform, which they can then use to optimize the operations
and increase the efficiency of their district heating infrastructure.

The end-users buy district heating from the district heating company or via the
internet service provider’s marketplace platform, and use their smart devices to
access the app or web interface to see data insights relevant to their building. The
building data gateway is installed into their building, which allows the technical
infrastructure to be used to lower their building’s district heating usage and increase
its efficiency, which leads to lower heating expenses over time.

From the ISP point-of-view, the clearest strengths of this scenario and VNC are
its simplicity and that it requires the least amount of investments in monetary and
human resources to implement. It thus provides the fastest entry to the market, and
it does this by leveraging clear strengths that the ISP has, which are their expertise,
networks, and national reach in marketing, sales, and billing operations. The one
clear weakness this VNC has is that it does not really leverage the technological
expertise that an ISP has. However, the ISP always has the option of expanding
their business within this market, so choosing this VNC as a starting point does
not necessarily mean giving up on the more involved VNC models.
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5.4 Level 2 - Smart Building Solution Operator

Figure 14: VNC level 2 - Smart Building Solution Operator
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Figure 14 presents a VNC where the ISP’s involvement in the value network is a
step deeper. Here the ISP has also taken on the responsibilities of installation and
maintenance operations of the building data gateways, and also operates their own
application that the end-users use to access information about their building. In
addition to these new responsibilities, the ISP still handles marketing, sales, and
billing operations for their own and their partners’ offerings.

The smart building solution provider’s role is still the same as in the first level
VNC. They own and develop their own intellectual property, operate the building
data analysis platform, sell access rights to the data insights they generate, and
outsource other tasks to the other stakeholders.

The district heating company’s main role is to offer district heating to the
end-users. They buy the data insights generated by the smart building solution
provider, and in addition to this, could also offer monetary incentives to the ISP
to focus their installations of the building data gateways to buildings that get
their district heating from them. This could make financial sense since the quality
and relevance of the building data analysis platform’s insights increase as more
and more building data gateways are installed in buildings relevant to the district
heating company and their district heating infrastructure.

To the end-user, this VNC does not really make any difference to what they gain
out of the services they pay for. The heating energy efficiency of their building gets
better, which means that their monthly expenses go down. The brand and design of
the application they use to access the information relevant to them changes to the
ISP. However, the ISP could also use the app to upsell complementary solutions
and services to the end-users.

Compared to the level 1 VNC, a clear additional strength this VNC has is that
it provides the ISP additional sources of revenue, namely from the installation
and maintenance operations. It also presents potential for extra revenues from
partnership deals with the district heating company. The ISP could also monetize
the end-user application by using it to sell additional products and services while
also using it as an advertising channel. Leveraging the extensive subcontractor
networks that an ISP has makes sense, but it is also good to note that installation
and maintenance operations have high marginal costs when compared to marketing,
sales, and billing operations, and software business. This VNC also makes it
possible to progress over time towards the third VNC level if the ISP deems this
beneficial.
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5.5 Level 3 - End-to-End Smart Building Service Provider

Figure 15: VNC level 3 - End-to-End Smart Building Service Provider
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Figure 15 presents the most involved market position that an ISP could take in
this value network. Here the ISP has licensed the full suite of solutions developed
by the smart building solution provider. The ISP has branded these solutions
with their own name and sells these as an end-to-end service to the end-users and
the district heating company. The ISP also has priority access rights to the data
gathered and analyzed on their own instance of the building data analysis platform,
and they can design products and services around this data that they can then
sell to other actors. This level of involvement in the value network would require
significant investments in time, finances, and human resources compared to the
previous levels.

As mentioned, the smart building solution provider still owns and develops
their own intellectual property, and they get their revenue from licensing this IP
to other actors, namely the ISP in this VNC model. The smart building solution
provider still has its own instance of the building data analysis platform (which is
not shown in this VNC model for simplicity’s sake) where they gather and analyze
data and sell data products and services to other actors. They cooperate with the
ISP to share the data of their respective platform instances, as well as the data
productization they come up with. These products can include information, data,
and insights about these that can help other actors and stakeholders to optimize
and grow their business. Examples of these could be data insights that enable
predictive maintenance of devices and infrastructures, customer billing based on
accurate per-user usage data of connected devices and systems, or remote real-time
and automated monitoring of devices and systems inside a building.

From the district heating company and end-user point-of-views, the VNC
does not change that much from the level 2 model. They still gain all the same
benefits, but they do not have direct business relationships with the smart building
solution provider, as all of this is handled with the ISP. However, as the ISP is a
comprehensive internet and digital service provider, the value-added benefits of the
application might be a lot greater than in the previous VNC models.

As the most demanding VNC model out of these three for the ISP, at least in
terms of required investments and resources, this VNC also has the most potential
in terms of different sources of revenue. In addition to level 2, this VNC also
provides the opportunity of monetizing the data that the ISP collects and analyzes
on their own instance of the smart building data platform. However, making this
VNC model a reality can not be achieved overnight due to the investments it
requires from the ISP. A wiser path to this model would probably be to progress
towards it by first starting from the first or second level VNC.
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5.6 Summary of the VNC Method
As shown in the VNC models, the ISP has multiple choices of roles which it can
take in the network. Generally speaking, the more involved the ISP role is, the
greater the business/revenue potential of that role. The same logic holds true for
the size of the risks that the ISP has to be willing to take, as a higher resource
intensity and larger investments do not automatically translate to higher revenues
and larger profits. Table 6 presents a summary of the different attributes and their
effects for the ISP. In general: green means good, red means bad, and yellow could
mean something in between or a combination of them.

The revenue potentials are all marked as green, as additional revenue is generally
good for a company, no matter if the more involved and more risky business models
would provide larger revenues. The risk potentials, investment intensities, and efforts
required for market entry are self-explanatory. The level of vertical integration is
marked as yellow throughout since it is debatable which level of vertical integration
is the most desirable. A low level of vertical integration generally means low levels
of business synergies but also lower switching costs and reliance on a particular
partnership for the ISP. Higher levels of vertical integration can result in much
better business synergies and optimization of supply chains and operations, for
example. However, these tend to come with larger solution provider switching costs
as well. This is especially true for this particular business case, as there are no
easily substitutable solutions available on the market for the offerings that this
particular smart building solution provider develops. Based on these factors, the
most justifiable course of action would be to enter the market via the first VNC
level. As the ISP starts to get a feeling for the market and depending on what
kind of market performance and potential they see, they can start to progress
towards the other levels by deepening their level of vertical integration with the
smart building solution developer.

Attribute
VNC 1
Marketing, Sales,
and Billing Channel

VNC 2
Smart Building
Solution Operator

VNC 3
End-to-End
Smart Building
Service Provider

ISP revenue potential Low Medium High
ISP risk potential Low Medium High
ISP investment intensity Low Medium High
Effort before market entry Low Medium High
Level of vertical integration Low High High
Solution provider switching
costs for the ISP Low High High

Table 6: Values and effects of VNC attributes
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6 Conclusions
This chapter presents a summary and discusses the results of the study.

6.1 Results
The aim of this study was to find out what kind of business potential the smart
building market offers for ISPs. The first step towards this goal was to extensively
research the current landscape of this market and industry. This involved research
into its key technologies, its different market verticals, and the different issues and
barriers the market presents for ISPs. The findings of this background research were
then analyzed using different strategic analysis methods and frameworks. The key
result of these analyses were three different future market scenarios from the ISP
perspective. These scenarios were then developed and studied further by focusing
on the energy vertical via the value network configurations method, where a real-life
business case around smart district heating was used to demonstrate and discuss
the feasibility of the different scenarios.

Key findings concerning the smart building market as a whole were that the stock
of Finnish residential buildings will require repairs and renovations amounting to at
least 20 billion euros by the year 2035 and that a huge factor affecting this need is
the Finnish government’s goal of a carbon-neutral Finland by that same year. This
need for repairs and renovations will be affected by the accelerating digitalization
of real estate, which will be a significant contributing factor in achieving the goal
of carbon neutrality. It is estimated that the amount of business opportunities for
more efficient energy solutions in Finnish apartment buildings could total more
than 2 billion euros during the 2020s.

The PESTLE analysis revealed the contextual and external factors affecting
the smart building market. Out of the political factors, the most significant ones
were the amount of regulations affecting the real estate, telecommunications, and
energy industries, of which the set goal of a carbon-neutral Finland by 2035 was
the most significant. The ongoing COVID-19 pandemic has cast a shadow on the
economic and social factors especially, with the economies of the world taking a
steep downturn, people becoming unemployed, and global supply chains being
disturbed. The introduction of vaccines in late December 2020 has brought hope
with it, and the general consensus seems to be that the nations of the world need
to build back better once the pandemic is behind us, especially in terms of making
our economies more socially and ecologically sustainable. Concerning technological
factors, Finland is well primed for the continued digitalization of real estate. This
is due to extensive national network coverage, the high technological literacy of the
population, and the ongoing market development efforts of different smart building
stakeholders.
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The SWOT analysis provided an adequate summary of the business potential
of the smart building market for an ISP. Clear strengths for ISPs were their strong
technical background in ICT, network infrastructure, and digital services, as well
as their expertise in business and operations support infrastructures. ISPs also
have an established customer base of housing cooperatives, as they are already
their customers for internet connectivity. A clear weakness was that ISPs generally
lack specific knowledge and expertise in smart building products and solutions,
but this can be mitigated by forming partnerships with smart building solution
developers and other relevant stakeholders. Opportunities presented by the market
are significant, as all "smart" and digital solutions are dependent on the internet
connectivity which ISPs already provide. This means that ISPs already have a clear
technical and business interface towards this market. Finally, apparent threats
included factors such as the risks of investing in the wrong technologies and/or
market niches, high market fragmentation, and the risk of not being a first-mover,
which might enable other actors to capture dominant market shares.

Porter’s Five Forces analysis revealed the challenges that the smart building
market entails. The threat of new entrants was variable between the different
market verticals and the different market roles a new entrant would want to take.
The more complex, involved, and resource and investment intensive a role or a
market niche is, the lesser the threat of new entrants. The same logic holds true
for the threat of substitutes, as the ISP can hold on to their customers by making
them more invested in their own ecosystem of solutions and services. This effect
can be amplified by having the customers invest in hardware reliant smart building
solutions. The bargaining power of buyers was deemed to be low due to the relative
nonexistence of comparable smart building service providers as of 2020. The
bargaining power of suppliers depends on the role the ISP takes. As a marketplace
provider, the ISP would have an advantage in this regard, but investing in vertically
integrated business deals with suppliers would increase their bargaining power.
Finally, the competitive rivalry of the Finnish smart building market can be deemed
to be low as of 2020, especially from the ISP point-of-view. The cause for this
is the relative infancy of the market, with ISPs and other competitively relevant
actors having just taken their first steps in it.

The scenario analysis culminated in four distinct scenarios, which were formu-
lated with the scenario matrix framework by utilizing the two most significant
uncertainties that could be identified within the smart building market from the
ISP perspective. These key uncertainties were whether the smart building market
would be dominated by open or closed source technologies, and whether the control
of customer relationships would be fragmented across different solution providers, or
whether they would consolidate to a few key players. Based on these uncertainties,
the formulated four scenarios were: "Focus on Core ISP Business", "Smart Building
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Solution Operator", "Marketing, Sales, and Billing Channel", and "End-to-End
Smart Building Service Provider". All four were deemed to be applicable for each of
the four market verticals, which are: building management, energy; safety, security,
and mobility, and social, community, and health applications. The choice of an
optimal scenario for each vertical depends on what kind of a role an ISP wants
to take in that vertical, and this choice obviously depends on the results of the
strategic planning that the ISP performs.

Three of these scenarios were further studied using the value network configura-
tion method. This was done by studying a real-life business case within the energy
vertical, where the aim is to optimize the efficiency of district heating both in
singular buildings as well as on the level of the whole district heating network. The
"Focus on Core ISP Business" scenario was left out of the study, which resulted in
three different VNC levels corresponding to the three other named scenarios. The
"Marketing, Sales, and Billing Channel" scenario resulted in the least resource and
investment intensive VNC model, where the ISP would fill the role of a marketplace
operator. This would be the simplest way for the ISP to enter this market space and
to gain revenues from it. The "Smart Building Solution Operator" scenario would
take the ISP’s involvement a step further, with them taking on the responsibility
of hardware installations and operations as well. This model would gain synergies
from the existing hardware installation and operations expertise and subcontracting
networks of the ISP. In the "End-to-End Smart Building Service Provider" model,
the ISP would license the whole district heating optimization solution suite from
its developer, which would enable the ISP to extract more value from the data
that is gathered and analyzed on their own instance of the building data analysis
platform. These three models also enable the ISP to employ a strategy where they
would slowly increase their involvement in the market over time, if such a strategy
is seen as valid based on further research and the market’s business performance.

The three formulated scenarios and their corresponding VNC models based
on the district heating business case are the main results of this study. The
multiple employed strategic analysis frameworks support the decisions made in
the formulation of the scenarios as well as the VNC models. All of these results
combined can help an ISP in their strategic planning and decision making processes
considering the Finnish smart building market and its four verticals.

6.2 Assessment of Results
This thesis was mainly completed during the latter half of the year 2020, at
which time the Finnish smart building market was still in its infancy but also
developing rapidly. This was being driven by multiple factors, such as the speed
of development in technologies, the market regulations, incentives, and ambitious
goals set by the Finnish government, as well as through the continued efforts of the
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different stakeholders and ecosystem projects of the smart building market. The
results of the background research, strategic analyses, and the VNC method show
that the market presents lots of opportunities for ISPs to expand and grow their
business.

The strategic frameworks and methods were utilized based on literature and
other background research, which means that they could have been greatly expanded
upon by employing expert interviews, stakeholder workshops, and more long-form
team-based research efforts. This would have helped in mitigating subjective biases
and other blind spots that occur in such studies when they are performed by a
single person, such as in the case of this thesis. However, these weaknesses were
kept in mind when performing the study, and the guidance given by thesis advisors
helped in mitigating them.

The VNC method was utilized in cooperation with the thesis advisors and
representatives from a company developing smart building solutions. The district
heating company and end-user perspectives were thus left out of the development
of the VNC models. These perspectives could have helped greatly in validating
the feasibility of the models and would have also provided insights into the views
and interests of these stakeholders. However, due to the broad starting point of
the thesis, this level of stakeholder involvement did not turn out to be feasible in
the time allotted to completing this thesis. Especially as working on the VNC
modeling became possible only during the latter half of the thesis process.

The ISP perspective of the study helped in focusing the research efforts, which
was crucial due to the broad and somewhat undefined starting point of the thesis
work back in the summer of 2020. The emergence of a relevant and real-life business
case during the thesis process helped in focusing the study even further, which
resulted in much more valuable research results. It is also good to note that the
VNC modeling could have produced different results if it was performed from the
district heating company’s or smart building solution company’s point-of-view.

6.3 Exploitation of Results
The research results of the tools, frameworks, and VNC modeling can be used
as a basis for an ISP’s strategic decision making in regards to the Finnish smart
building market. The formulated VNC models could also be used as a starting
point for researching VNC models for other utility companies and building service
infrastructures, such as water, gas, and electricity networks. Out of these utilities,
water and district heating are almost identical in the logic of their technical in-
frastructures, as district heating networks in fact transfer their heat energy via
water. The greatest differentiator in gas networks is that the gas is expended by
the end users and does not return back to the network like water does in water
and district heating networks. Out of these utilities, electricity networks are the
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most complicated both in terms of their technical makeup and business ecosystems.
This complexity is becoming even greater due to the emergence of smart electricity
grids, where the consumers of electricity are also taking on the roles of producing
and storing electricity and even selling it back to the grid.

In addition to this thesis’s application of the VNC method towards the Finnish
smart building market, it has also been applied towards the smart home market
from the ISP point-of-view in the master’s thesis "Techno-Economic Analysis of
Smart Home Hub and Integration Service" by Tuomo Kivekäs [100]. As his thesis’s
structure and frameworks inspired the work on this thesis, it would be interesting to
see how the research and results of these two theses could be of help in performing
similar research on the level of smart cities from the ISP point-of-view as well.

It is good to note that out of the four formulated scenarios, the optimal scenario
for different business cases and different stakeholders depends on so many factors
and variables that broadly stating whether one of them is superior compared to the
others is not justifiable. Each potential business case would also require much deeper
research into the different possible business models and their financial numbers and
figures to enable well-informed decision-making.

The smart building solution company involved in the VNC formulation was
interested in forming a partnership with Elisa Oyj, and the results of the VNC
modeling greatly helped in moving the discussions forward by demonstrating what
kind of scenarios and partnership options were available and what kind of business
potentials the partnership could entail. All three VNC models were seen as viable by
both parties, and the option of starting from level 1 and developing the partnership
towards levels 2 and 3 over time was of interest to both parties as well.

The results of the separate strategic analysis methods and frameworks can help
an ISP in evaluating the different market verticals of the Finnish smart building
market. The VNC models could also be used as a basis for proper techno-economic
modeling and business model formulation. The results of these studies could then
be compared to each other to find out the pros and cons of each approach. Finally,
the information presented in the background chapter could be of interest to all
kinds of smart building stakeholders since facts and knowledge about this market
and industry are so scattered across a multitude of different sources.

6.4 Suggestions for Future Research
Due to the broad starting point of the thesis, it does not delve that deep into
business model formulation and performing calculations for those business models.
If, for example, another thesis were to be done regarding this topic, business model
formulation and diving deep into the possible revenue and cost models of the
different value networks could be the main research goals of such a thesis. At least
cost-benefit analyses, net present value calculations, as well as What-If and Monte
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Carlo simulations could be worth looking into.
A stroke of luck for this thesis was the emergence of the potential business case of

optimizing district heating in conjunction with a smart building solution provider, a
district heating company, and the ISP. Further research into other potential and/or
actual business cases that could involve an ISP could be another worthy avenue for
research. These business cases could then be evaluated by making use of the results
of the strategic analyses and different scenarios that were formulated for this thesis.
Another critical point for ISPs regarding this market is to recognize what kind
of products, solutions, and services are of interest to the end-users. No business
can be properly built without knowing the wants and needs of the people who are
supposed to be your customers. Researching and formulating actual business cases
and then researching end-user/consumer interests for those using interviews and
questionnaires could be another worthy research topic.

On the technical side of things, this thesis does not delve deep into the particu-
larities of how all of the different smart building technologies, systems, protocols,
and interfaces are actually integrated with each other or how such integrations
between all of them could be possible. This is also a topic worthy of a master’s
thesis in and of itself. One way to approach this topic could be to research the
smart building market’s current pain points of technical integrations and the most
pressing areas that are in need of development, and then to create and prototype
solutions for one or several of these, depending on how big of a challenge even one
of them is to solve, of course.
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