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As society has been developing rapidly, new opportunities have been opening up, one of
them being digitalization. It has spread strongly and is an essential part of people's lives
nowadays. As digitalization development is ongoing, it has enabled many innovative
solutions one of them being the digital twin concept.

The interest in digital twins was raised from the possibilities it provides and the rising
competition in the market. This thesis was made to find the digital twins' hidden needs in
the construction market and then develop light financial calculations on the business
development. The idea was first to form an overall understanding of the already existing
digital twin-related solutions and then specify the search for construction industry-related
solutions. The research on the hidden needs of the digital twin was done by interviewing
experts on the subject.

Empirical research was made by qualitative methods, using semi-structured interviews.
The research process started with comprehensive research on existing theories and
literature reviews. Then, the empirical part started after gathering good basic information
about the digital twin. The empirical part consisted of seven interviews with digital twins
from various industry experts. The main findings from the interviews were that
interviewees did not mostly have any specific recommendations to give about hidden needs
but merely concepts of the possibilities of the digital twin, like improving various
operations. Therefore the definitions of digital twins must be clarified even further.
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Yhteiskunta on kehittynyt nopeaa vauhtia, joka on mahdollistanut uusien mahdollisuuksien
muodostumista, digitalisaatio yhtenä esimerkkinä. Se on levittäytynyt laajalle ja on
olennainen osa ihmisten elämää nykyaikana. Kun digitaalinen kehitys on meneillään, se on
taas mahdollistanut monien innovatiivisten ratkaisuiden keksimistä, yhtenä esimerkkinä
digitaalinen kaksonen.

Mielenkiinto digitaalista kaksosta kohtaan kasvoi sen mahdollisuuksista ja kasvaneesta
kilpailutilanteesta markkinoilla. Tämän diplomityön tarkoitus onkin löytää digitaaliselle
kaksoselle piilotettuja tarpeita rakennusalalla, jonka jälkeen luodaan valitulle ratkaisulle
kevyitä taloudellisia laskelmia liiketoiminnan kehittämistä varten. Tutkimuksessa lisätään
ymmärrystä olemassa olevista digitaalisen kaksosen palveluista ratkaisuista, jonka jälkeen
tarkennetaan tutkimus kattamaan rakennusalaan liittyviin ratkaisuihin. Tutkimus
piilotetuista tarpeista tehtiin asiantuntijahaastatteluiden avulla.

Empiirinen tutkimus tehtiin laadullisin menetelmin käyttäen puolistrukturoituja
haastatteluja. Tutkimusprosessi alkoi kattavalla tutkimuksella olemassa olevista teorioista ja
kirjallisuuskatsauksista. Sen jälkeen alkoi empiirinen osuus, kun kattava perustieto
digitaalisesta kaksosesta oli kerätty. Empiirinen osa koostui seitsemästä digitaalisten
kaksoseen liittyvästä haastattelusta eri alan asiantuntijoilta. Haastattelujen tärkeimmät
havainnot olivat, että haastateltavilla ei ollut enimmäkseen erityisiä suosituksia annettavaksi
piilotetuista tarpeista, vaan vain käsitteitä digitaalisen kaksosen mahdollisuuksista, kuten eri
toimintojen parantamisesta. Siksi olisi tärkeää, että digitaalisten kaksosten määritelmiä olisi
selkeytettävä entisestään.



ACKNOWLEDGEMENTS

What an experience the thesis and the last two years of studying have been. I’m grateful

for the support that I have received for the work. Special thanks to Marko Tulamo and

Jarkko Männistö, who have spent more than enough time providing questions for aspects

that have been daunting me. I also want to thank Niko Moreira and Jenna-Riia Oldenburg

for the tips and information. From the side of the school, thank you, Kalle Elfvengren, for

being available and helpful through the process, and Ville Ojanen, for providing such a

fantastic studying experience.

LUT was a great place to study, even though COVID-19. I really appreciate all the

knowledge and friends that I have gathered through the years. These years provided

absolutely unforgettable moments.

Finally, thanks to all my friends, family, and girlfriend for supporting the writing process

and Elvi for providing company while writing.

Kaarina 21.11.2022

Lauri Virtanen



Table of Contents

1 Introduction ................................................................................................................ 8

1.1 Objectives and research gap ................................................................................ 9

1.2 Research question, research strategy and execution ........................................... 10

1.3 Structure of the thesis ........................................................................................ 11

2 Construction Industry 4.0 ......................................................................................... 14

2.1 Product-service system ...................................................................................... 17

2.2 Product life cycle management .......................................................................... 19

2.3 Changing business models ................................................................................. 21

2.4 Possibilities and drivers of digitalization in AEC industry  ................................ 24

3 Digital twin in AEC industry .................................................................................... 27

3.1 Evolution of digital twin .................................................................................... 27

3.2 Definitions ........................................................................................................ 28

3.3 Applications and benefits .................................................................................. 32

3.4 Technical requirements ..................................................................................... 35

3.4.1 Data gathering and harmonization .............................................................. 35

3.4.2 Visualization .............................................................................................. 38

3.4.3 User interface ............................................................................................. 38

3.4.4 User rights and cyber security .................................................................... 39

3.5 Implementing digital twin successfully .............................................................. 41

4 Research methodology ............................................................................................. 45

5 Case – Implementation of Digital Twin in Finnish Smart City Company .................. 47

5.1 Overview of the case organization ..................................................................... 47

5.2 Current state of digital twin ............................................................................... 49

5.3 Implementation process of digital twin .............................................................. 50

5.4 Customers and market analysis .......................................................................... 52

5.4.1 Studies on market and customer analysis .................................................... 52

5.4.2 Most promising combinations of digital twin technology ............................ 55

5.4.3 Development of DT in the future ................................................................ 58

5.4.4 Market gap of digital twin .......................................................................... 59

5.4.5 Other ways of DT ....................................................................................... 61

5.4.6 DT as a technological or service solution.................................................... 63



5.4.7 Risks and opportunities of DT in ecosystem ............................................... 65

5.5 Investments and business resources ................................................................... 67

5.6 Competitor analysis ........................................................................................... 68

6 Conclusions and discussion ...................................................................................... 71

6.1 Result analysis and conclusion .......................................................................... 71

6.2 Reliability of the study ...................................................................................... 73

6.3 Future research .................................................................................................. 74

7 Summary .................................................................................................................. 76

References ....................................................................................................................... 77

Appendices

Appendix 1. Financial calculation model with linear growth

Appendix 2. Financial calculation model with exponential growth after second year



Figures

Figure 1 Structure of the thesis .................................................................................................... 12
Figure 2 Spending on digital transformation technologies and services worldwide (Adapted
from(Sava, 2022)) ........................................................................................................................ 15
Figure 3 Components of smart city (Silva, Khan and Han, 2018) ................................................... 17
Figure 4 Elements of business model design (Teece, 2010) ........................................................... 22
Figure 5 Sights of construction industry (Adatped from (Swanlake, 2022b)) ................................. 25
Figure 6 Timeline of DT (Singh et al., 2021) .................................................................................. 28
Figure 7 Collaborative design (Tao et al., 2019) ............................................................................ 32
Figure 8 Real vs virtual costs (Grieves and Vickers, 2016) ............................................................. 33
Figure 9 Illustration of WSN for data acquisition from the asset. (Lu et al., 2020) ......................... 37
Figure 10 Implementing a DT requires a clear understanding of operations and objectives. (Tao et
al., 2019) ...................................................................................................................................... 43
Figure 11 McKinsey Global institute industry digitization index (Agarwal Rajat, Chanrasekaran
Shankar, 2016) ............................................................................................................................. 53
Figure 12 Market size and growth (adapted from (Swanlake, 2022b)) .......................................... 55

Tables

Table 1 The comparison between DT and BIM. (Aadpted from (Shahzad et al., 2022)) ................. 43
Table 2 Interviewees information ................................................................................................. 46
Table 3 Most promising combinations of DT ................................................................................ 56
Table 4 Development scenarios of DT .......................................................................................... 58
Table 5 Hidden potentialities of DT .............................................................................................. 60
Table 6 Other development scenarios of DT ................................................................................. 62
Table 7 DT as a technologocial or service solution ........................................................................ 64
Table 8 Risks and opportunities of DT .......................................................................................... 65
Table 9 Market size and growth (Adapted from (Swanlake, 2022b)) ............................................. 68
Table 10 Competitors in intelligent property services ................................................................... 69
Table 11 Conclusion of the results ................................................................................................ 70



8

1 Introduction

“An industrial revolution entails profound social as well as economic changes, and the first

industrial revolution found society unprepared for the problems that emerged during the

upheaval” (Phyllis, 1979). In history, industrial revolutions have changed the production

paradigm above industries and have impacted the way of living (Wagner et al., 2017). The

newest paradigm change is based on digitalization and is called the fourth industrial

revolution. As climate change has a significant role in driving digitalization, the construction

industry, which is the focus industry in this thesis, must be one of the most radically changing

industries, as the CO2 emissions caused by it are massive. However, not only by force but

the most adaptive companies are also free for looking ways to perform better and create new

business models. These companies will start a wave of change, which provides new

possibilities but also uncertainty and mistakes on the way.

One of the possibilities is a digital twin (DT), which was ranked as the most prominent and

hyped technology by Gartner in 2018 (Costello and Meulen, 2018). The discussion over DT

has been intensive over the last years, and most adaptive industries have developed many

beneficial technological modifications already. However, the concept being still reasonably

new; there are industries that are wading through difficulties as many fundamental issues

appear still on the way.

This thesis will start with an introduction to the evolution behind the development and

definitions of DT. After that, the stand will be more concrete on the technical side. The thesis

will then provide information on the applications of the DT and what technical requirements

it needs for adequately working, and then what steps one should consider for appropriately

implementing it in the company’s operations. The empirical part of the thesis is based on a

case company Sitowise. It is a smart building company that has a solid basis for digital

solutions. The opportunities of digital twins and rising competition pressure have forced the

company to develop its services. Therefore company would like to find market gaps where

the digital twin could be used.
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Considering previously mentioned aspects, all the research considering DT is welcome.

Some of the benefits of DT are predictive maintenance and support of the strategic decision-

making for ensuring the best possible outcome (Salo, Petänen and Hemilä, 2022). Although,

these are well-known but hard to achieve, at least in the construction industry. Therefore,

with this research, the goal is to make research on wider range of opportunities, keeping in

mind the importance of the proper business model, as the investments can easily grow really

high.

1.1 Objectives and research gap

The goal is to study the literature behind DT technology to provide good basic knowledge

on already existing technological solutions and then make a research on unknown needs in

the market and then make light business plan for it with calculations. The idea is to acquire

information from the experts from different fields. These expert's answers will provide a

reasonable basis for understanding how they see technological solutions now and in future

development. Besides the general information provided by the experts, they offer insights

into where DT is widely used already and about possible market gaps or hidden needs.

Acquired information helps the case organization to sift the most prominent market gaps and

combine it with the focus organization's knowledge and competence. Results will help

perceive business opportunities and ways of developing new income sources but also

provide essential information on the insights and competitiveness of the latest technological

solutions that are slowly sneaking into the market. As competitors have already invested in

this new technology, the focus organization mustn't fall behind in the competition.

Although the primary goal of the work was to find new business opportunities, it was not

the only area of focus. It was essential to have insights into the nature of the DT, which then

helps to understand its core. In the work process, it appeared that further research is needed,

so this research works as a reasonable basis for future topics.

As the topic is still at its infancy level and practicality was missing widely, the focus was

essential to think smartly, not to make this work without added value. Therefore, the focus

was directed on the market gaps of the work and financial calculations on the subject. A lot
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of the technicality side of the DT was therefore left out, as they might have taken too much

effort without adding value to the big picture.

As the literature behind DT is already increasingly comprehensive, some research gaps still

appear. Much of the research that has been done provided an excellent basic understanding

of DT. Still, the study made explicitly focusing on the construction industry was still very

shallow, not to mention the practical cases. This hindered the providence of the actual

benefits with real, intelligent ways of realizing the DT. Of course, predictive maintenance

and different simulation scenarios were mentioned in many research papers as in (Salo,

Petänen and Hemilä, 2022). Still, studies on the benefits of DT in real-life testing were only

provided in one study (Lu et al., 2020).

1.2 Research question, research strategy and execution

Two different methods conducted the research: interviews, the primary research method for

the case part, and a literature review, which was essential for forming the background and

theory for the thesis. Based on the methods of Saunders, Lewis and Thornhill, (2016), the

first thing to do is to define the parameters of the research and then conduct profound

literature research on the subject. Being familiar with the very basics of the research process

helps the researcher to interpret more complex issues. Even though one starts with extensive

literature research, it should continue through the whole thesis process. After generating the

search terms and conducting the first searches, one has a list of references to authors who

have published on the related subjects. Once the documents have been gathered, evaluating,

recording, and drafting one's ideas are the next steps.

This work is based on two different questions what will cover the core of the work. Main

focus of the is to find DTs market gaps.

1. What are the hidden needs of digital twin in the market?

Most often, the customers are interested in the new DT without knowing what it is and what

to do with it. In this work, with expert interviews, the usage, need of it in the markets and

future scenarios are investigated with keeping in mind for the most proponent business
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potentialities and market gaps. Question has two sub questions: What are the future

scenarios of the DT and Risks and opportunities for DT.

2. What is the business strategy for digital twin?

This thesis will cover the possible business strategies for implementing the DT in Sitowise.

In this step, it is also essential to think about the form of the DT, what kind of product it

would most likely be, and how it could scale through different projects. The focus is also on

how the DT could be used in a more global manner.

1.3 Structure of the thesis

This thesis consists of deep dive into a digital twin and its business strategy on a case

company. Figure 1 illustrates the structure of the work. First, thesis will introduce the reader

to the fourth industrial revolution, also called industrial 4.0. This part will research concepts

related to the latest industrial revolution, like the digitalization processes and the

servitization of various industries. Digitalization and servitization have together produced

service on top of the traditional one-time product, enabling steadier income, more

customized, and longer-lasting products. Regarding longer-lasting effects, product-service

systems (PSS) development and product life cycle management (PLM) are essential parts of

it. To conclude the first main chapter, there will be a step toward the changing business

models in the architecture, engineering and construction (AEC) industry combined with

industry 4.0 and its possibilities in the future.

In the second main chapter, the thesis will dive deep into the main focus of the work - digital

twin. At the beginning of this chapter, the evolution process and definitions of DT are

studied. Then, after the technology's descriptions and history have been introduced, the

thesis will present the applications and benefits of DT and its essential technical

requirements. In the last phase, after the technology has been introduced thoroughly, one

example of the implementation process for the construction industry is presented.

In the case chapter of this thesis, the case and current situation and possible implementing

process of the DT technology on Sitowise will be introduced. As this thesis aims to find the

hidden needs of the DT in the market and make a light investing calculations based on the

most prominent DT technology, various experts in the field of DT were interviewed with six
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different DT-related questions. At the end of the chapter, after the expert interviews, the

thesis will dive deeply into essential parts of the business models, like risks, competitors in

the area, and needed investments and business resources.

The conclusion and discussion are based on the results in the last phases of the thesis. Also,

some of the research problems that appeared along will be presented. Finally, the summary

will conclude the thesis.

Figure 1 Structure of the thesis
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Work was started in April, and a literature review was carried out almost entirely first. After

that, the focus shifted toward the empirical area, where qualitative and quantitative research

methods were implemented. The last part of the thesis was to perform financial calculations.

The focus of the work was getting more precise when it advanced, and finally, it was

positioned at the beginning of October. The whole process of the thesis took more or less

one year, but the active writing process was only half of it.



14

2 Construction Industry 4.0

Humanity have faced three different industrialized phases and the fourth is ongoing. First

industrial revolution was based on the development of steam engines. Second industrial

revolution was based on the foundation of electricity and mass production and in third,

information and communication technologies were put into service. In 2022, There has been

a lot of talk about industry 4.0, but it still lacks a clear definition. Klingenberg, Borges and

Antunes, (2022) gave one definition for industry 4.0: combining production methods with

state-of-the-art information and communication technology. The basis for the fourth

industrial revolution is advanced manufacturing technologies. Hermann, Pentek and Otto,

(2016) has given one explanation of the newest industrial revolution “industry 4.0 is a

collective term for technologies and concepts of value chain organization. Within the

modular structured Smart Factories of Industry 4.0, cyber physical systems (CPS) monitors

physical processes, creates a virtual copy of the physical world, and makes decentralized

decisions. Over the internet of things, CPSs communicate and cooperate between them and

with humans in real-time. Via the Internet of Services, internal and cross-organizational

services are offered and utilized by participants of the value chain.”

In every industrial revolution, there has been high-profit expectation or high intensity of

competition, or both and it has led companies to invest in the hope of new opportunities and

in fear of threats (Klingenberg, Borges and Antunes, 2022). Figure 2 demonstrates how the

spending on digital transformation technologies worldwide has been developing. The

number will be expected to triple in 8 years, until 2025. This demonstrates how much

potential different industries see in the digitality process.
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Figure 2 Spending on digital transformation technologies and services worldwide (Adapted from(Sava, 2022))

The construction industry is one of the world's oldest and most significant industries. It has

stayed exceptionally static through its lifecycle, mainly due to the slow adoption of new

technologies like different software, drones, or building information modeling (BIM).

Digitalization has been said to be at a lower level than in almost any other industry. Also,

profitability is meager, at around five percent EBIT margin in 2019. The size of the

architecture, engineering and construction industry (AEC) is valued at EUR 11,72 billion at

a global level in 2021 and estimated to reach EUR 12.26 billion in 2023. As the resource

usage of the industry is high, it has been looking to decrease the level of resource usage,

lower project costs, enhance productivity, improve job site safety and reduce project delivery

time. (Rafsanjani and Nabizadeh, 2021).

Over the last years, many different digital tools have been developed to help in various

activities, like BIM and the internet of things (IoT) and these have given a competitive

advantage to multiple companies. Recently, the internet connectivity of different

technologies has become possible, and researchers have started doing different kinds of

technologies enabled by real-time connectivity. It allows other possibilities on the remote

connection, controlling and optimizing processes. These technologies, with augmented

reality (AR) and virtual reality (VR) technologies, can offer the benefit of real-time

monitoring and predicting the future of any physical structure. Some estimations have been
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given that the amount of savings that will be received with these technologies is $1350

million in 2025 in design, construction, operation, and maintenance. (Rafsanjani and

Nabizadeh, 2021)

AEC industry consists mainly of two different lifecycle phases. (1) Design and construction

phase and (2) operation and maintenance phase. The first phase has been primarily the most

profitable, and there architects, engineers, and managers are responsible for recognizing the

connection between design and construction. In this phase, stakeholders are simultaneously

forced to admit numerous tasks and activities by considering their precedence, logic, and

resources. In the second phase, real-time monitoring has been essential for optimizing

various operations. Execute planning maintenance, identify possible improvements, and

prevent/recognize problems. (Sacks, Gurevich and Shrestha, 2016; Rafsanjani and

Nabizadeh, 2021)

Future technologies will most likely improve our lives in cities and increase the connectivity

of every technological solutions. For example, technologies will enable the creation of

immense integrity in all industries, as shown in smart city figure 3 below. This creates

possibilities for innovating and finding unexpected connections. The gradient upgrade to

smart city living will provide a huge aid for different countries facing higher urbanization,
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as the urbanization brings problems on the way like pollution, traffics, waste management

predicament and infrastructure aging. (Silva, Khan and Han, 2018)

Figure 3 Components of smart city (Silva, Khan and Han, 2018)

2.1 Product-service system

Product-service system (PSS) is already a decently old concept and familiar to many people

and industries.  As Goedkoop et al., (1999) have defined the PSS term as a "marketable set

of products and services capable of jointly fulfilling a user's need. The product/service ratio

in this set can vary in function fulfillment or economic value." The potentiality of PSS is in

minimizing the environmental impacts on different industries and creating new business

models, like in the construction industry, where it is not utilized widely yet. One of the



18

factors leading to PSS thinking is the dwindling resources, as the industrialized countries do

not show any urge to lower their resource consumption. On the other hand, people from

developing countries are getting wealthier, which will increase the demand for goods.

Reducing the population level could be one solution to this problem, but again, there are

moral issues with that solution. The most prominent possibility is to change the technology

to be more environmentally friendly and prolong the usage of components. Of course, many

industries have other attractants to the PSS system, like developing new business areas, rapid

product development, more flexible and efficient production, and reduced costs. This shift

in the way of doing is so critical that if companies don't see the value of PSS systems early

enough, they might fall off from the competition. On the flip side, as in every change, process

management is crucial as the unplanned impacts of PSS can invalidate many of the

advantages. (Novel Anna-Sophie, 2014)

Different companies have different approaches to the integration process of PSS. Others see

it as a neutral extension of their existing products and a survival product appearing in the

heart of their business. The integration of the PSS system is not straightforward as, first of

all, organizations need to clearly understand what they want to do with this business

transformation. Based on the change, there are considered to be three different cornerstones

in the implementation of PSS systems in a company. The readiness of a company to adopt

this new system, the willingness of customers, and their possible environmental

implications. The most important aspect of adopting working PSS in one's company is to

have a different societal infrastructure, human structure, and organizational layouts for

functioning in a proper manner. (Mont, 2002)

Servitization is an essential part of PSS. The idea of servitization was first introduced in the

1980s. Its concept is to add the core product value and obtain a competitive advantage

through service, accepted by an increasing number of scholars. The need for servitization

has emerged from the demand for industrial development in the current economic

environment. On one side, technical progress means that the products provided by

enterprises will eventually become homogenized. On the other side, consumers no longer

only obtain products because of the material abundance, but pay more attention to the

product experience. Servitization produces different forms of PSSs, that could help

enterprises meet consumer demands. (Liu et al., 2021)
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However, both PSS and servitization ideas have been a hot topic in the construction industry

for the past two decades in the hope of helping to resolve deep-rooted problems like low

construction productivity, weak core competitiveness, and a single revenue stream (Liu et

al., 2021). PSS systems could provide an opportunity for industrialized construction

companies to develop their offering, create new business areas and models, and create new

sources of income (Lessing, 2019). At the same time, the construction industry's impact on

the environment is significant, as it is causing a lot of CO2 emissions, water pollution, and

waste generation, and it is consuming a substantial amount of natural resources. Even though

PSS has been implemented widely in the manufacturing industries, the construction industry

has barely touched this opportunity as it has been categorized as a one-of-a-kind product in

a temporary organization using primarily onsite production methods. (Gann and Salter,

2000; Gosling and Naim, 2009) Therefore the construction industry is full of opportunities

in these areas. Increasing the use of PSS and servitization requires a new way of thinking

about how to prolong the lifecycle of the products and how to do business out of the product

as long as possible.

2.2 Product life cycle management

Product maintenance and life cycle management have a past for a longer period of time, as

it includes repairing and recycling the products. So, in theory, PLM has existed as long as

homo sapiens have been using tools. Hence, product life cycle management (PLM) is not a

new thing. However, the basics for a PLM as we now know it were developed in 1931 by

Otto Kleppner. He suggested that products could go through three levels: pioneering,

competitive, and retentive. One of the first concrete usages of PLM was recorded in 1985 by

American Motors Corporation, which wanted to speed up the product development process

of the Jeep Grand Cherokee car. (Emma, 2014)

As products have become more complex and knowledge intensive, the processes of making

them have also. Even though technological improvements have been increasing the

complexity of the various processes nowadays, the core idea is the same. One needs to

determine the needs and develop the product based on the results. (Terzi et al., 2010) The

core of PLM includes three different phases: Beginning of life (BOL), Middle of life (MOL),

and end of life (EOL). BOL includes design and manufacturing processes. MOL includes
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the distribution, use, and support of the product. EOL then includes the product's retirement,

which consists of things like the recollection of the product, recycling, and disposal (West

et al., 2021).

One definition for PLM is from (Stark, 2018) ”it is a business activity of managing, in the

most effective way, a company’s products all the way across their lifecycles; from the very

first idea for a product all the way through until it is retired and disposed of.” At its very

best, PLM can increase product revenues, reduce product-related costs, maximize the value

of a portfolio and maximize product value now and in the future for both - customers and

stakeholders.

In the PLM system, many different parts must be considered and managed. Most often,

resource volumes are high, making the managing process difficult, and the relationships

between products, components, customers, and suppliers are complex and constantly

changing. Therefore, organizational structures and strategies must be defined clearly. As the

data is at the center of PLM, it needs to be available at every step of the process, and it needs

to be organized, which can cause challenges.  PLM includes methods and activities, from

hiring people and capturing ideas to product retirement and measuring progress. The

motivation for using these is to improve the performance of a product in ways like decreasing

development, product and development costs, and improving the quality of the product.

(Stark, 2018)

There are two main enterprise types in PLM – one-of-a-kind and many-of-a-kind. In one-of-

a-kind enterprises, the value creation for the process starts with the analysis of the customer's

needs. Then the product is designed, built, sold, and supported by a customer's need. These

firms are mainly big enterprises from the engineering and contracting sector. Another sector

is small firms that produce highly customized products for their customers. In these cases,

the customer is closely involved in the process. Finally, many-of-a-kind enterprises again

offer their products for larger customer areas, mainly based on pre-identified needs. In these

kinds of firms, the value creation process involves two different processes: new product

development or new product introduction, and operations management. (Terzi et al., 2010)
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2.3 Changing business models

”When there is not crisis, the wise leader or CEO will invent one. Not by crying wolf but by

challenging the employees with change.” - Yvon Chouinard. Change is often problematic

for people and companies and is usually done only in a crisis. Change should be, however,

braced, as it is constant, and those who do not change will fade away. Most often, there are

three different mechanisms that accelerate the change: megatrends, structural changes, or

interactions between the players in the value creation system (Pfnür and Wagner, 2020).

Also Buehler, Buffet and Castagnino, (2018) said that the existing capabilities, business

models, and strategies would not be sufficient in the future and would not lead to success

and that businesses must act now for future disruption.

The most recent industrial development has already caused a lot of changes. It has enabled

one-time payment products to shift more to a service-based approach, communication and

computing technologies, and globalization, where customers have more choices than ever

before from all over the world. This has enabled lower-cost provisions in information and

customer solutions. Hence, businesses need to have a more customer-centric approach. This

has also led providers to consider not only how to answer the customer needs better but also

how to capture value from providing new products and services, which has resulted in a

changed way of making a profit now versus the industrial era. Due to changed business

models, a well-thought business plan is even more important, as innovators might fail to

address the value of their innovations. The business model can be summarized to be the way

in which the enterprise creates and delivers value to the customer. (Teece, 2010; Grabowska

and Saniuk, 2022)

The term “business model” has gained widespread popularity since the 1990s when the

discussion of firm boundaries began in the context of the internet. In recent years the concept

of a business model has been used to explain how firms interact with suppliers, customers,

and partners. (Pekuri, Pekuri and Haapasalo, 2009) According to Peric, Durkin and Vitezic,

(2017) There is no generally accepted business model definition. Therefore, the constituent

elements of the business model are not clearly defined either, despite the many efforts.

A proper business model communicates the logic and offers data and other evidence

illustrating how the business creates value for the customer. An appropriate business model

also outlines the architecture of revenues, costs, and profits associated with the business
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enterprise delivering that value. (Teece, 2010) Figure 4 shows what different elements in

business model design consist of. First, it is essential to undertake the features, select the

technologies that the product might have, and determine the possible usage and benefit for

the customer. After those phases, it is crucial to identify the target market for the

product/service and ensure that there are proper revenue streams. Then one can develop the

business model further and think of how even more value could be captured with this model.

Figure 4 Elements of business model design (Teece, 2010)

A successful business model is often hard to imitate and still effective and efficient, and the

business model itself can be a road to competitive advantage (Teece, 2010). A successful

business model is also scalable through multiple segments, with the knowledge of which

segments to pursue. It also frees up resources that can be used to develop future business and

help to achieve overall strategic priorities.  (Teece, 2018) Still, the one who invents the new

business model might not be the winner in the market. The most famous examples of these

are Facebook and Amazon.

Business models can also create different kinds of issues. One example arises in a time of

the internet, where people are used to their products being partly free as they do not pay

money for the services; instead, they sell their privacy. Another issue lies in the heart of a

good business model. How to create an exceptional business model with a competitive

advantage, including a good profit margin? At least theoretically, a good business model
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offers compelling values to the customer, achieves reasonable cost and risk structures, and

enables good deal capturing for the business that generates and delivers the product or

service. (Teece, 2010)

What about business models in the construction industry? How have the changing business

models penetrated an otherwise somewhat old-fashioned and slow-adapting industry? Well,

some IKEA Houses and Toyota homes are examples of these changes. For example, these

firms offer cost-efficient and fast-delivered modular houses. Another example could be the

hotel chain citizenM, which offers compact and prefabricated accommodation facilities. Or

how about in California, a company called Herrero Builders has a strategy and philosophy

where they create value for the customer through close collaboration, integrated project

deliveries, and adopted lean principles. (Pekuri, Pekuri and Haapasalo, 2009)

The construction industry is under a revolution, where digitalization has been stirring things

exceptionally well. The industry's willingness to change the business model to more

customer-centric is still reluctant, even though the potentiality has been tremendous. Some

estimate that in the construction processes, almost half is wastage, and the productivity could

be increased by dozens of percent. The black sheep of the digitalization of the construction

industry might be found in the US, where a company called Katerra gathered an almost

billion-dollar round of financing for trying to digitize the whole construction value chain.

(Lehtinen, 2019)

The development process of DT is most likely to shake the construction industry's business

model even more. DT will enable better-as-a-service development when the measuring of

the product becomes more accurate, and the physical product will be connected to the virtual

world. Thereby, one can control, for example, a factory remotely and use the factory as a

service. Also, as the connectivity of the DTs grows, the whole supply chain of a product can

be shifted to as-a-service. At this level, the customer can track the entire building process in

real-time and have control of each stage in real-time. The customer is able then to control

better the outcome of the process and can have more specialized products. (Caglayan, 2021)
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2.4 Possibilities and drivers of digitalization in AEC industry

PSS, PLM and changing business models are all causes of digitalization and changing

business environment. This naturally, as every other industrial revolution creates new

possibilities of doing things, especially in the construction industry, what is one of the oldest

and the old-fashioned industries. Now, as the digitalization process in now ongoing, nothing

will stop it and the benefits can be recognized at increasing pace.  with the usage of Building

information model (BIM) and geographic information systems (GIS), with the increased

accuracy level of designing.

The drivers behind the digitalization of AEC industry is various. First of all as mentioned,

there are urbanization and therefore the focus is prolonging the property lifecycle and not

taking building apart. The controlling of the growing amount of properties is also more

difficult as also the buildings are set for higher technical demands. Climate change as a

second driver is probably one of the strongest ones and laying behind every other driver.

Low-carbon emissions are a common goal what will have an effect of the (re)constructing

and choices of the building materials and whole production chain. As a third driver,

regulation is changing, European Union (EU) is supporting low-carbon constructing and also

digitalization being one of the main strategic goals. Fourth driver comes from the economy.

In economic downturn the reconstruction is most often steadier than new construction. Also

in the reconstruction of the buildings, it is easier to add digitalization, what then could

provide productivity growth and scalability. Also as EU is having now crisis with the energy,

due to loss of Russian gas and oil, the rise of energy costs are increasing the value on energy

efficient buildings. Fifth and last driver is the improvements of technology. The prices of

IoT-devices has decreased, the 3D modelling, cloud services and analytics has been getting

more usual. (Swanlake, 2022b) Figure 5 shows, how the construction industry will most

likely develop in the future. Blue line illustrates the amount of global building growth in

upcoming years. Yellow line again shows the amount of building in the Europe in upcoming

years. Green line, with dots shows how to the smart building will be developing in the future

globally and red line with dots illustrates the same thing, except in Europe. All the numbers

are in billions.
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Figure 5 Sights of construction industry (Adatped from (Swanlake, 2022b))

EU has set other political and monetary drivers for construction industry. In European Green

deal the reconstruction has been set in high priority. It has a high demand for workforce and

it is also capable of reflate economy. EU has also a strategy called EU Renovation wave,

which is going to double the reconstruction in next 10 years. The goal is to decouple the

growth from resource use, release no net emissions of greenhouse in 2050 and left no person

behind. (A European Green Deal, 2022; Swanlake, 2022b)

EU has also set a funding program called Horizon Europe with size of EUR 95,5 billion for

research, innovation and development. Its idea is to assist in solving climate change

problems and improve competition. Another program, Digital Europe is a EUR 7,5 billion

funding program for assisting the technology development for new actors.  (A European

Green Deal, 2022; Swanlake, 2022b)

The share of smart buildings of all buildings is only 0,2%, but it is estimated to grow

17,6% until 2028. Couple reasons for this is the record level of CVC investment on smart

buildings. Also the level of venture capital (VC) investments on construction automation

and property technology has grown over the last 10 years 8 times faster than the size of
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regular VC funding. The property technology and innovation center Creti reported almost

30% growth in property technologies global investments in 2021. (Swanlake, 2022b)

There are already few examples of already existing smart building systems in Finland. First

is YIT Workery+ Vallila and it was funded by Business Finland and it was awarded in 2021

as a worlds most intelligent property and it was the first property being certified as a Nordic

countries Smart Building Platinum. YIT has now four different Workery+ smart facilities.

Haltia Emphatic building is another example of smart building concepts. It was developed

under TietoEvry, and now Haltia owned startup. It utilizes IoT-devices when the property is

on a use, and it provides information on the movements of the people. Through the

application, it is also possible to reserve working spaces, send service requests, and feedback

about different parts of the building and order a cleaning service. It also provides real time

information about the quality of the air. Third example is Supercell headquarters in

Jätkäsaari, Helsinki. There, different sensors and digital applications, employees can

navigate easily through the property, book working spaces and order different services.

Sensors are measuring the quality of the air, usage of the electricity and carbon footprint of

the property. (Swanlake, 2022b)

So, there are already some early tries smartening the properties in Finland, and the

competition is tightening up in the future. Also, the market interest towards smart buildings

are rising – already being on a very active. But still, the intelligence of the properties are

really low and the system and sensors are following the very basic things as quality of the

air, which creates a lot of long hanging fruits to gather. (Swanlake, 2022b)
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3 Digital twin in AEC industry

As the 4.0 industrial revolution is already here, it brings vast movements in different digital

directions. Furthermore, at the same time, climate change is getting worse, resources are

getting more depleted, and many countries – mainly developing ones are getting urbanized,

which will bring other challenges. One relieving solution for these problems can be found in

new technologies.

One example of these technologies could be DT. Even though it is still at its infancy level,

and a clear definition for this technology is still missing, it has been proven to be very

beneficial in various industries except in the AEC industry, where the level of digitality is

still deficient. Although the practical examples are still missing, the potentialities and visions

set for this technology are high. In a few years, concrete benefits of the technology are most

likely recognized as investment pressure, and practical cases are getting more common.

3.1 Evolution of digital twin

If we do not go all the way to the first industrial revolution, but closer to the beginning of

information technologies, when industrial companies started using digital tools to turn ideas

into physical products. These tools have improved since the 1960s when computers started

replacing drawing boards. One essential aspect of the development process of these tools has

been the development of PLM, as it helps companies capture, codify, process, and

communicate product knowledge. (Mickael et al., 2022)

Evolving business models are also mixing the boundaries between design and use.

Customers nowadays expect performance and functionality to improve during the product's

lifecycle and possibly unlock new features. Many of these products operate as a part of a

more extensive ecosystem. Therefore customers are not only buying the product but also

paying about the capabilities of the product and the company. (Mickael et al., 2022)
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The DT appeared first in NASA's roadmap in 2010 as can be seen in figure 6 and was referred

to as a `Virtual Digital Fleet leader´. Soon after that, the US Air Force followed in its

footsteps and developed its own DT technology.

This shift has triggered the digital product transformation to create a new tool: digital twin,

a natural continuum for PLM systems developed by Michael Grieves in 2002 at the

University of Michigan. The model included three components: real space, virtual space,

and linking mechanism. A similar concept was imagined in 1991 by David Gelernter, who

thought that software models could mimic reality from information input, called ``mirror

worlds´´(David, 1991). Also, in 2003, Kärkkäinen et al., (2003) proposed ``an agent-based

architecture where each product item has a corresponding virtual counterpart or agent

associated with it. In 2006 the conceptual model proposed by Grieves was changed from

Mirrored spaces model to the information mirroring model. (Grieves and Vickers, 2016) The

idea of this model was to emphasize the linking mechanism between two spaces being

bidirectional and having more than one virtual space for one real space where alternative

ideas or designs could have been explored. Due to low computing power and missing or low

connectivity between devices, small data storage, and primitive machine algorithms, the DT

had no practical use at that time.

Figure 6 Timeline of DT (Singh et al., 2021)

3.2 Definitions

The DT has been defined in many ways, without a clear consensus. The father of the DT

Michael Grieves defines the DT as a ̀ `set of virtual information construct that fully describes

the potential or actual physical manufactured product from the micro atomic level to the
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macro geometrical level.´´ At the optimum level, any information that could be obtained

from inspecting a physically manufactured product is possible to be obtained from its DT.

(Grieves and Vickers, 2016)

As people like to set levels for different things, DT can also be categorized into five different

levels. The first level DT is a conventional prototype made for engineering purposes, which

supports early decision-making at the concept level. The second level of the DT can

incorporate historical data, maintenance data, and operational performance from the physical

twin. The third level of the DT is adaptive. It can learn the priorities and preferences of the

operator and can be updated continuously. The fourth level is an intelligent model with all

the same capabilities as the third one and is capable of self-learning without supervision.

Finally, the fifth and highest level is receptive to the data coming from external sources and

can process the data for analysis in a situational context. (Shahzad et al., 2022)

DT technology itself can be separated into different parts called digital twin prototype (DTP)

and digital twin instance (DTI). These are operated in a digital twin environment (DTE).

DTP’s idea is to describe the prototypical physical artifact. It contains information to

produce a physical version that duplicates or twins the virtual version. This information

consists of requirements, fully annotated 3D models, Bill of Materials, Bill of Processes, Bill

of Services, and Bill of Disposal. A DT instance describes a specific corresponding physical

product that the DT stays connected to the whole life of the specific physical product. It may

contain a fully annotated 3D model with geometric dimensioning and tolerancing. DTE is

an integrated, multi-domain physics application space where software and time-to-time

hardware components communicate and can be used for various purposes. One possibility

is to use it to predict a physical product's future behavior and performance. Other possibilities

could be found from the DT instance, where past and history could be examined. (Grieves

and Vickers, 2016)

DT requires extensive amounts of information and computing capacity, and its progression

relies heavily on computer and communication advancing technology. These should not

become a problem, as Moore’s law still hold water not only in terms of computing power

but also with storage and bandwidth. (Grieves and Vickers, 2016)

Even though DT has been getting much information through academic literature and

industrial practice, there hasn’t been an approved universal term for technology. The concept
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originated in the aerospace industry in 1960s, when the national aeronautics and space

administration (NASA) published a road for modeling and simulation of DTs, which became

the first known public definition for this new technology. (Lu et al., 2020) Below is presented

five different definitions for digital twin. First explanation is from aerospace industry,

second is complex systems, third Infrastructure, fourth manufacturing systems and fifth and

last manufacturing systems.

1. An integrated multiphysics, multiscale, probabilistic simulation of a vehicle or

system that uses the best available physical models, sensor updates, and fleet history,

among others, to mirror the life of its flying twin. The digital twin is ultrarealistic and

may consider one or more important and interdependent vehicle systems. (Shafto et

al., 2010; Knapp et al., 2017)

2. A set of virtual information constructs that fully describes a potential or actual

physical manufactured product from the microatomic level to the macrogeometrical

level. At its optimum, any information that could be obtained from inspecting a

physical manufactured product can be obtained from its Digital Twin. (Grieves and

Vickers, 2016)

3. A realistic digital representation of assets, processes, or systems in the built or

natural environment. (Bolton et al., 2018)

4. A dynamic digital representation of an industrial asset that enables companies to

better understand and predict the performance of their machines, find new revenue

streams, and change the way their business operates. (GE Digital, 2017)

5. A model of the physical object or system, which connects digital and physical assets,

transmits data in at least one direction, and monitors the physical system in real time.

In addition, it also should support analytics, control, and simulation functions.

(Catapult, 2018)

There seems to be an overall understanding that the DT represents a physical asset, which

represents a physical entity that must be coupled with the physical part so it can evolve to

reflect its changes (Pereira et al., 2022). The physical entities are products that can be

operated by the users. These are made from raw materials or parts by machining, assembly,
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and other processes. They have different characteristics, behaviors, and performances in

manufacturing, use maintenance, repair & overhaul, disposal, and others. (Tao et al., 2019)

The virtual model is again defined as mirror images and mappings of the physical products.

These could reflect the whole lifecycle process and simulate, monitor, diagnose, predict and

control the current state and behaviors of the products. The virtual models do represent not

only geometric models like BIM but also rules and behaviors of the physical world, like

material properties, mechanical analysis and health monitoring. (Tao et al., 2019)

The connected data include subsets of physical and virtual data as well as new data that can

be acquired after the data's integration, fusion, and analysis. Through digital measuring, the

data are fed back to the virtual models achieving two-way data transmission process. With

the construction process of the product models in virtual space, as well as the feedback of

the digital models to the physical space, the DT can achieve a closed-loop process. (Tao et

al., 2019)

The DT can continuously gather and accumulate data from the products of its entire lifecycle

process. This gathered data can be improved and reused again and again. As a result, the DT

could enable a product's management, tracking, and maintenance by gathering and

presenting data of its whole lifecycle. Figure 7 shows how the communication between

designers and DT work. It also shows the possible synergy between physical products and

virtual products. In this case, the numbers interpret the product model generation. The fact

that designers get information from the interpreted and physical product enables better-

adjusted decision making. The communication between the physical and virtual products

enables further coevolution for the DT. (Tao et al., 2017)
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Figure 7 Collaborative design (Tao et al., 2019)

3.3 Applications and benefits

The DT is constantly fed with operational data, predictive maintenance and downtime

prevention can be improved. This also decreases energy consumption. These are possible

through constantly monitored manufacturing systems like status data and energy

consumption. Therefore, we might say DT will not be only a trend but merely play an

essential role in industrial innovation. DT also allows for gathering weak signals and

contextual knowledge as well. (Monsone, Mercier-Laurent and János, 2019)

The advantages of using a virtual model instead of prototypes are shown in figure 8.

Assuming that the costs are nearly equal at the beginning, the differences in expenses change

radically over time. As DTs are getting more sophisticated in the future, the expectations are

that virtual models can be modeled with atomic-level accuracy. (Grieves and Vickers, 2016)
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Figure 8 Real vs virtual costs (Grieves and Vickers, 2016)

As DT is a reasonably new technology, its concrete benefits of it are still unrecognized, even

though promises like increased predictive maintenance and accelerated risk assessment and

production time come up in many conversations. (Salo, Petänen and Hemilä, 2022) DTs

have been seen to be beneficial in testing new systems before manufacturing them and then

forecasting their future behaviors. Then, to improve a company's efficiency and productivity

and provide better customer service. Here are the benefits listed by Salo, Petänen and

Hemilä, (2022):

1. Creating new innovative business opportunities and hence creating business growth.

2. Creating new cashflow, in already existing projects, by widening offerings and

customer base by new digital twin-enabled services.

3. Supporting strategic decision-making with what-if scenarios. Preventive decision

making also enabled, instead of constantly dealing with ad-hoc situations due to the

accurate and real-time status data.
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4. Improvements in the reliability of the operations, product quality, safety and delivery

efficiency and therefore decreasing the overall risk for different kinds of failures.

5. Cost savings from maintenance costs, operative costs and energy costs because of

the existing data.

6. Higher productivity by optimizing processes and better utilization rate of machines

and factories.

7. Enables to have tailored views for different technology users by the ease of access

data and cooperation and to data exchange of different machines.

8. Credibility and trust is increased in terms of customer support and training from the

companies offering DT based service.

As the benefits of concrete usage of a DT have not been widely verified in the construction

industry, customers can be reluctant to invest in the new technology. The core premise to

the DT concept is to save wasted physical resources like time, material, and energy. Feng,

Chen and de Soto, (2021) has listed some of the benefits of the DT in the building

environment:

1. Monitoring the temperature and humidity of living spaces.

2. Maintenance optimization by data usage from the building management systems and

failure/management logs.

3. Better resource allocation by prioritization of maintenance tasks.

4. More efficient energy consumption for achieving lower carbon output and carbon

footprint.

Based on the findings of one study, it is critical for customer's interest that they have DT

enabled services seen as critical for their key processes in the customer's business. This

means that customers' operations are majorly affected by DT services. Another crucial factor

for interest in DT enabled services is the regularity of usage in customer's daily operations.

If the technology is used often in customer's daily processes, the interest in it is much higher.

In order for the customer to have an interest in DT, they need to have some knowledge and

know-how about the DT and their core business. One excellent managerial tool for

motivating customers to utilize the DT enabled services is grouping the customer values
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when communicating with them. If the customer does not participate in innovation work and

value co-creating work, there is a possibility that companies who innovate DTs focus on the

wrong DT enabling services with the wrong value creation opportunities for the customer.

(Salo, Petänen and Hemilä, 2022)

Before starting any DT-related project, the indicators need to be agreed on how the benefit

of the DT is measured. These indicators are used to measure the progress of the project. It

enables the customer and working team to keep track of the schedule and the directions.

Result tracking also provides information in black and white on how the project went and

what could be improved. (Niko and Jarkko, 2022) There are a couple of different ways to

measure the impact of digital transformation: through metrics or with the qualitative analysis

of one's business. These metrics can include satisfaction scores, revenue growth, retention,

and employee productivity. The important aspect of using metric usage is to think of the

most fundamental ways to measure the success of one's product. Another important metric

that should also be used for measuring the success of the digital product is to track the

activity of the product. This could be done by tracking the number of users that are using the

software. (Periyasamy Revanth, 2021)

3.4 Technical requirements

DT is in forefront a combination of advanced data analytics and Internet of things. This

combination creates essential resource for different tools like predictive maintenance and

fault detection. Without one or another, the whole DT system would not work. The one of

the biggest still unsolved and critical problems for DT is the real-time data transferring and

most likely the amount of data that IoT-devices will be producing.

3.4.1 Data gathering and harmonization

The core of the DT system is data acquisition. Most often, the level of heterogeneity and a

large volume of data makes data acquisition challenging, especially when considering the

data's format, source, and content. In addition, the data acquisition layer must support the

data uploads from the sensors deployed at distributed locations. The system needs to be also
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scalable to support an extensive number of assets and data resources at the property and city

level. (Lu et al., 2020)

After the data has been acquired with the IoT device, it needs to be transferred from a real-

world physical asset to a digital replica and vice versa. This helps to automate the system.

Therefore, a two-way mapping layer is required between the virtual and physical models. In

the AEC industry, the data transmission could be done using Wireless Fidelity (Wifi), Near

Field Communication (NFC), and Bluetooth. For more extensive ranges, the most prominent

options could be 3G, 4G, Wide Area Network (WAN), and LongTerm Evolution (LTE). A

wireless local area Network (WLAN) is one of the most commonly used options, but it has

security issues. (Feng, Chen and de Soto, 2021) Low Power Wide Area Network (LPWAN)

and Light Fidelity (Lifi) are good options for transmitting data due to their efficiency.

One solution for data transmitting was found by Lu et al., (2020) who made a study on a

built a wire sensor network (WSN) and QR-code based asset management network into their

data transmission layer to their project. Figure 9 is a good illustration of this case. WSN

shows a collection of wireless sensors that monitor and recording conditions and the

environment. The sensors measure environmental conditions like indoor temperature,

relative air humidity, and other conditions like heating, ventilation and air conditioning

(HVAC) component vibration, surface temperature, and speed of rotating parts. In this case,

WSN consists of a gateway that acts as the bridge between local sensors and remote

applications, like cloud-hosted databases.
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Figure 9 Illustration of WSN for data acquisition from the asset. (Lu et al., 2020)

Significant challenges of DTs remain in the data integration phase, as the data is collected

from multiple sources in different formats. First of all, it is challenging to determine whether

the data from machines are the same. Secondly, the data sources are usually heterogeneous.

Also, terminology can differ from system to system. (Feng, Chen and de Soto, 2021) This

creates a clear need for common working standards and tools to develop and implement DT

in a built environment (Shahzad et al., 2022).

The synchronization of data for ensuring continuous real-time data transfer is also a

challenging task since the DT idea is to monitor assets in real-time. As the data is transferred,

there is a chance that data can deteriorate in the process. Real-time data transferring also

requires extensive amounts of money and time and still, problems like linking IoT devices

to DT persists. One solution for DTs data integration could be found from Semantic ETL

workflow. The semantic technology could possibly be used for integrating massive data from

heterogeneous sources into a sensible data model. This allows data querying and further

creation of innovative applications. (Monsone, Mercier-Laurent and János, 2019)
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DTs are not made only for training and simulating but, more importantly, to create better

connections and understanding of physical and virtual systems. Enabling this transparency

across the organizational value chain through digital and physical world convergence is

becoming more important as different kinds of products shifts more into service models.

(Monsone, Mercier-Laurent and János, 2019)

3.4.2 Visualization

One important aspect of the DT is the visualization. Solja, (2022) Found, after interviewing

many DT experts in the Finnish market, that the level of visualization should depend highly

on the application, so the visualization or user interface should be highly individual and

designed for individual purposes. For example, property tenant most likely is not interest on

the whole condition of the block of flats, but instead on the single apartment, and its

conditionings, like air quality and temperature. And again, for property maintenance, it is

more important to have visualization on the whole property, if for example some light bulb

needs to change.

Data visualization in overall should provide additional insights into the data. The core idea

for data visualization is to represent raw data in a format what supports more efficient

decision making. Visualization may include simple statistics, summary data and data tagged

to visual representations. (VanDerHorn and Mahadevan, 2021)

Augmented reality (AR) is one the most prominent visualization ways for DT technology. It

allows user to see the physical world, with different kinds of virtual objects added with the

physical world. It can include multiple sensory modalities, such as visual auditory, haptic,

somatosensory and olfactory (Dennis, 2016). Zhu, Liu and Xu, (2019) Describes that AR

technology most often has three characteristics: Combing real and virtual world, interactive

in real time and registered in three-dimension space.

3.4.3 User interface

User interface will definitely become a one of the most important discussions in the core of

DT. The DT will most certainly be used as a cloud based in most cases, and not as a

downloaded for one computer. VanDerHorn and Mahadevan, (2021) says that a cloud-based
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data management system provides advantages in accessibility, scalable data storage, and

processing power. Of course, the local data storage systems can be also used as there might

be also cases when it is required due to data security concerns.

Agarwal Rajat, Chanrasekaran Shankar, (2016) Say that the user interface at the front end

should be ``foreman friendly´´ to encourage usage and the backend again, building

compatibility with existing enterprise solutions should mitigate the need to put more effort

to upgrade existing platforms. Far and Rad, (2022) Suggested different kind of approach

where the DT could be linked closely to Metaverse and blockchain technology. This would

provide a good security protocols and decentralized using environment.

3.4.4 User rights and cyber security

The construction industry was almost immune to cyber-attacks for a long time. However,

the number of attacks has been growing in the last couple of years, and construction has

become one of the leading industries impacted by data security incidents. One reason for

these might be the avoidance of heavy regulations in data security and privacy laws. The

limited regulation and guidance might have been a decreasing risk factor of being attacked.

(Jennifer A. Beckage and Daniel J. Parziale, 2021)

Cyber security will become an even more serious concern as the usage of digital tools and

DTs are becoming more popular. The construction industry presents a big target for hackers

due to the amount of money most often involved in the industry. Things such as access to

confidential information are at high risk area, especially in the security alert projects of

governmental-level projects. Data privacy and its ownership will also become its own topic

of discussion and raise an issue on the implementation of DT. Therefore it is essential to

strictly define the responsibilities and roles of the participating stakeholders and limit others.

(Shahzad et al., 2022) There is also a minor concern that installation and maintenance of the

sensors might create a problem, as those might get stolen or damaged (Feng, Chen and de

Soto, 2021).

One significant security concern of a DT lies in the close representation of an existing

system. When DT is obtained by a hacker, it works as a blueprint for the actual procedure,

identifying components, behaviors, and interfaces. This provides an internal view for the
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hacker of the system to be attacked and helps to locate vulnerable points. With the use of

this assistance, an attacker can hack into the system with minimum detection or disruption

when the whole script has been mapped out. DT system could also be used for finetuning

the physical attack on the virtual world. (Hearn and Rix, 2019)

If the DT enabling system gets hacked, the possibility of organization's back-end system

attacks is possible. Code analysis by a hacker might identify the API calls required for the

back-end systems and expose the twins access to credentials in authentication functions.

Also, while code analysis (reverse engineering) is a viable attack on all platforms, software

designed for Windows or Linux platforms could more easily be reverse engineered because

of the low price of reverse engineering tools. After the hacker accesses this point, spoofing

the twin's behavior or accessing the physical system, potentially accessing system-wide data.

(Hearn and Rix, 2019)

DT often also includes critical IP, most often innovative but also repurposed legacy, which

might be damaging to the owner if reverse-engineered. It is essential for owners to put good

enough security for protecting an investment that is crucial for an innovative company’s

market share that is at risk from other companies from other regions of the world. (Hearn

and Rix, 2019)

To minimize the risk in the development of the DT, there are some guidelines one should

consider during the implementation and design process. The first thing is the most obvious

when organizations actively put effort into security. Of course, there might be a conflict

between the economic aspect (time-to-market and solution features) and security, where the

balance is the key. Therefore, corporate leadership must embrace healthy ecosystems, where

the secure design should be an essential building block and part of regular operations.

Operations should also be able to look at security from down to up, with understanding and

planning for the security measures. It all starts with well defined secure software

development lifecycle (SDLC). There, the management process should include all the parts

of the lifecycle. SDLC should also be an essential part of product development. (Hearn and

Rix, 2019)

The DT is often detailed as a software-based copy that simulates a physical system, like a

vehicle, complex social and logistics infrastructure (airport, hospital), complex equipment,

and entire cities with the integration of IoT and BigData, so the relevance and effectiveness
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of the digital model will depend on the quality and relevance of the data gathered. (Zhao et

al., 2021)

This data can be collected from various sources, such as additional cameras, metering, and

monitoring devices. However, when the model can be connected to the real world, it can

reveal a severe problem in collecting personal data about people's behavior. This requires

adopting necessary technical, organizational, and legal measures to control access to those

elements. (Navarro and Higgins, 2019) The information gathered from the technology and

about the user need to have an agreement of usage by the object, ensuring the technology

usage continuity. Naturally, keeping the information safe and, in some cases, keeping the

objects anonymous is also essential.

Intellectual property rights and trade secrets will rise on the solutions and technologies used

in DT. Therefore, it is necessary and worth talking about the final product's rights and the

solutions used in it with the developers, suppliers, main customer operators, users, and third

parties. It is, therefore, essential that the decisions to protect trade secrets are integrated into

the DT model. (Navarro and Higgins, 2019)

3.5 Implementing digital twin successfully

There are various ways, how one could implemented DT technology, in to their business

strategy. Figure 10 presents six steps that can be followed when implementing a DT. It is

possible to carry out these steps concurrently. One example of building DT could be done in

the following way.

The first step is to build a virtual representation of a physical product, where the essential

technologies could be computer-aided design (CAD) and 3D modeling. The virtual modeling

should include three different aspects: elements, behaviors, and rules. (Tao et al., 2017) The

model in this level should include a geometric model and a physical model of a product,

user, and environment (Tao et al., 2019).

The second step should include data processing for facilitating design decision-making. Data

should be collected for a physical product from different sources, which then should be

analyzed, integrated, and visualized. Data is essential to convert into a form of concrete
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information that the designers can organize. As the data will be gathered from heterogeneous

sources, the integration process is useful for finding hidden patterns. (Tao et al., 2019)

The third step is to simulate the product behaviors in the virtual environment (VR). It is used

for simulating the functions and behaviors of the physical product in the virtual world. That

also forces designers and users to interact with the product in the simulated behavior. (Tao

et al., 2019)

The fourth step includes adjusting DTs function, behavior, and structure in the physical

world based on DTs recommendations. The two most important pieces here are sensors,

which sense the external world, and actuators, which play the desirable adjustments

requested by DT. (Tao et al., 2019)

In the fifth step, real-time, two-way secure communication is enabled between the physical

and virtual product. This connection between the systems can be carried out by cloud

computing, network communication, and network security. The networking technologies, in

this case, could mean Bluetooth, QR code, barcode, WI-FI, and Z-wave. Cloud computing

then enables the virtual product to be modified and maintained in the cloud. (Tao et al.,

2019)

Now, the product users should start collecting different kinds of data from the DT. Generally

speaking, there are four different kinds of data: product, environmental, customer, and

interactive. Product data contains comments, viewing and downloading records, and

interactive data such as the stress of an object, vibration, and temperature. Then, as the last

step,  all the information is placed in step one to close the loop of building a better, more

accurate virtual product.  (Tao et al., 2019)
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Figure 10 Implementing a DT requires a clear understanding of operations and objectives. (Tao et al., 2019)

The basic idea of implementing DT technology in the construction industry begins with

using BIM-based platforms and other collaborative models like GIS to improve construction

and design methods. The necessary documents in construction, specifications, and 3D-

design models are federated in BIMs and not in spreadsheets and 2D CAD drawings. (Boje

et al., 2020) The BIM and GIS models are needed to update continuously, based on the data

gathered from the IoT devices, to show the real-time reflection of physical assets. However,

there has not been too much of an effort made to connect BIMs to DT models. The large

amounts of BIMs and sensor data could be stored in a cloud for further examination to be

then used in different applications. Table 1 shows the differences in the characteristics of

BIM and DT models.

Table 1 The comparison between DT and BIM. (Aadpted from (Shahzad et al., 2022))

Characteristics BIM Digital twin
3D modeling-visualization ✓ ✓

Creating a real-time virtual model ✕ ✓
Live model updates through sensors ✕ ✓

Data exchangeability between
virtual and physical models (two-

way communication)

✕ ✓

Data standardization ✓ ✓
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Scheduling ✓ ✓
Major Contribution at design state ✓ ✓
Contribution at construction stage ✓ ✓
Major contribution at operations

stage
✕ ✓

Increased collaboration ✓ ✓
Time management ✓ ✓

Budget management ✓ ✓
Project simulation analysis ✓ ✓

Project simulation analysis in context
with surroundings

✕ ✓

Live monitoring of assets ✕ ✓
Live and instant updates on

equipment status
✕ ✓

Instant response to equipment
failures

✕ ✓

Realistic predictive maintenance ✕ ✓
Getting insights to improve building

utilization and performance
✕ ✓

Reduced project time and cost over
project lifecycle

✓ ✓

Easy application on existing
buildings

✕ ✓

Better value for employees ✓ ✓
Improved dynamic risk management

at construction site
✕ ✓

Enhanced site logistics ✕ ✓
Updated data operation &

maintenance purposes
✕ ✓

Use of machine learning and
automated processes

✕ ✓

Use of self-learning algorithms ✕ ✓
Improved building sustainability ✓ ✓

Necessary use of CDE ✕ ✓

There are several differences in the development and abilities of BIM and DT that raises

question marks around some definitions, relationships, and integration process. However,

the development of DT will undoubtedly be influenced by BIM and the journey of its

adoption in the AEC industry (Shahzad et al., 2022). A BIM is clearly considered for the

design and construction levels, whereas DT could boost the operational efficiency of the

assets as they facilitate predictive maintenance through real-time situations (Lu et al., 2020).
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4 Research methodology

``Research methods are the building blocks of the scientific enterprise. They are the “how”

for building systematic knowledge´´ (Patten and Newhart, 2017). As the main goal was to

gain understanding about hidden needs of DT, the qualitative approach, enabling free

discussion, where interviewees, could present their ideas freely fitted best. As Saunders,

Lewis and Thornhill, (2016) wrote: `` it may be necessary to ask respondents to answer some

´open´ questions in their own words rather than ticking the appropriate box.´´ Therefore the

qualitative research method suited well for this research paper. The whole empirical part was

made by collection of semi-structured qualitative research, where different experts on the

field was interviewed by examining their hidden or not yet popular visions on DT. Semi-

structed research enables interviewer to present questions, outside of the planned but related

to the topic as needed, during the actual interview. This way of doing made possible to

deepen the understanding on the most interesting parts of the interview. (Saunders, Lewis

and Thornhill, 2016)

The empirical part of the work was to interview experts on the DT to get their answers to

various questions. Five of the interviews were made via Microsoft teams and one by email.

All participants were interviewed once during August and October 2022 (table 2).

Interviewed were selected based on their profound expertise in DT. The strategy was to

gather information about DT from unlike sources to generate an extensive understanding of

the topic and then take cues from the answers to the construction industry for DT-based new

business models.
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Table 2 Interviewees information

Organization Person Title Focus
Oakland University Person #1 Research

scientist/Executive
director

Digital twin

Forum Virium Person #2 Product owner Digital twin in city
context

Lappeenranta-Lahti
University

Person #3 Professor Digital twin in
mechanical engineering

Spinverse Person #4 Senior Consultant and
Program partner

Urban data management
and city level DT

Delft University of
Technology

Person #5 Professor 3D geoinformation

Siemens Oy Person #6 Technical sales support
professional

Industrial Digital Twin

Gravicon Oy Person #7 Founder / Chief
innovation officer

Building information
models

The interviews were approximately 30min to one hour long and were semi-structured,

containing six different DT-related questions with different themes. The questionnaire

started with the question, has the interviewed seen the DT producing benefit, and what

combinations have been the most useful ones? After that questions continues with themes

consisting of questions on the market gaps of different unfulfilled potentialities and the DT's

future development scenarios. The last three questions consisted of new ways of looking at

the development scenarios and do the interviewees see that DT could have the potential to

improve the functionality of a data ecosystem. Questions were quite technical and required

good comprehensive knowledge of the technology.

This method was chosen for data gathering because of the free discussion possibilities and

the opportunity of presenting further questions on related themes. Questions also required

deep and, most often, philosophical stand on the answers, which would have been hard to

perform in any other way than live discussion. All of the Microsoft teams interviewees were

recorded, and Finnish ones were translated into English. The recordings were listened after

and question related, main points of the interviews were collected on the Microsoft word.

The translated data was then classified and divided into main points. Then the results were

sorted by themes and added to the thesis.
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5 Case – Implementation of Digital Twin in Finnish Smart City

Company

The interest towards DT has been growing in different industries due to its possibilities of

creating new income sources and solving various problems related to, for example,

increasing urbanization of countries, which may lead to biodiversity loss. DT has already

been used in many industries to support core operations, and its benefits have been

recognized, and now it is the construction industry's turn. A lot of hype is happening around

the technology, although the benefits are still very shallow, creating free hands with huge

possibilities.

Sitowise has experience with DT related technology through different products like Louhi

and Aura. This part aims to find market gaps, where DT has the most prominent potential,

and how Sitowise should fill that market need. The goal is also to map out competitor

situations in the most prominent business areas.

5.1 Overview of the case organization

Sitowise is consulting and designing-based company that went public on March 2021.

Sitowise was formed through the fusion of Wise Group Finland Oy and Sito Oy in 2018. In

2021 the turnover was 179 million euros with a 12 % growth compared to 2020 and more

than 2000 employees. The company has three main business segments: Infra, house building

services and digital services. The net sales of the building area increased by 2% to 72,1

million euros in 2021. The business area accounted for 40% of total net sales. The

infrastructure´s net sales increased 3% to 55,9 million euros in 2021, which accounts for

31% of total net sales. Then the digital solution accounts for the rest, 12% of the net sales,

with an increase of 44% to 20,3 million euros in 2021. (Gustafsson et al., 2022)

House building services focus mainly on the designing-, consulting, and building services

for residential and commercial properties as well as for the needs of the healthcare sector

and industry. The business area offers design expertise and acts as a partner in new

construction and repair planning. The services cover different areas like:
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- Construction contracting and supervision

- Examination and quality assurance

- Structural engineering

- HVAC engineering, building automation, electrical engineering, telecommunication,

security and audiovisual design

- Building renovation engineering

- Special services such as energy, automation, acoustic, fire protection engineering,

and professional kitchen and hospital equipment design.

The infrastructure business area covers various urban development needs in different areas.

Urbanization, in other, supports the investment needs and cities in particular. The biggest

client of infrastructure side in the public sector, where almost 70% of net sales are coming.

It covers infrastructure, transport, traffic, urban development, environment, water and

infrastructure construction contracting.

Digital solutions is a business area focusing on various digital solutions for mobility and the

building environment. It also covers consultancy services that cover these business areas.

The business area also operates in Sweden, including digital solutions for traffic and

infrastructure. The services cover: customer-oriented software development, product

solutions, expert services and strategic consultation, service design, geographical

information systems, data engineering & data science and data management and DT.

The core competence of the case company focuses on digital solutions in various

infrastructure solutions, especially on SaaS- business model developing and scaling. In

addition, the case company has much knowledge about delivering specialist services, built-

up environment designing, and consultation services, especially in the HVAC,

reconstruction, and energy efficiency improvement services. Specialist competence is

exceptionally high, and therefore have an advantage in solving problems in a way that

competitors can not.
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5.2 Current state of digital twin

The interest in DT technology has been getting much attention in Sitowise in recent years,

as the news feed and hype around this technology is getting more intensive. This has led to

a situation where Sitowise has started doing DT-related projects and products to support and

add new possibilities to its business activities. These products are called AURA and Louhi.

AURA is a game motor-based visual 3D virtual environment for the built environment,

simulations, and DTs. In AURA, BIM, and geographic information system (GIS) materials,

designing models, city models, and point clouds with material information create a virtual

environment that is gathered as a visual 3D model. AURA also offers a complete basis for

building a DT as it can receive the intelligence and combine the real-time information

visualization with 360-view and the possibility for virtual reality (VR) and added reality

(AR) and presentations in virtual caves. (Jarkko and Jukka, 2022b)

Louhi is a geographic information system for municipalities. It gathers real-time information

from different sources and turns it into an understandable mode. This helps municipalities

and cities in the decision-making process, where it provides spatial analyses and visual

representations. (Jarkko and Jukka, 2022a)

Sitowise has experience on a few different projects related to DT. One of them was called

Luxturrim5G in Espoo, where the idea was to model a DT that could help to model and

analyze different developing scenarios and illustrate the complexity of the environment.

AURA was used as a basis for this project. The data was gathered from 19 smart towers, two

intelligent bus stops, and 250 interconnected IoT devices.

Another project was Oulu´s harbor dynamical DT. There the idea was to run different

simulations and gather activities of various parties in the harbor, which could help plan other

actions, like optimal light conditioning and illuminate all the activity in the harbor—then

based on the gathered information to give visual situational information about that to all the

involved parties.
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Sitowise has also done other related projects, but the basis is still missing on how to do a

business out of the DT. After discussing with the customers, who had had DT-related

projects made to them, it became clear that the usage level is deficient, often due to scarcity

of resources and knowledge. Therefore the benefit is small, or there is no benefit at all. In

these cases, the DT is only a nice to have technology with no real advantage. Most often

also, these projects would still require further development, and usually customers only want

to have a one-off project. Therefore, it is crucial to find out the real need for this concept

and, even more importantly, a point of view that others might have not seen yet, and develop

a proper business plan around it.

5.3 Implementation process of digital twin

The organization must have a clear vision of the utilization process of the DT. It is vital to

build a management culture supporting the implementation process of digitality. To

successfully utilize the DT  on a large scale, the company needs to have proper management

and operational competencies. (Ukko et al., 2019)

The main idea while building a DT for the customer is to agree on essential parts of the data

and the source material. In the beginning, it is crucial to have access to the source materials,

even before starting any building iteration process. Below is a list of essential information

to have at the beginning of the project: (Niko and Jarkko, 2022)

1. Coordination system of the project.

2. Area delineation and the environment where the project will be implemented.

3. Everything considering the information integration like common data environment

(CDE), sensors, database, cloud storage, and interfaces.

4. Is the product going to be a digital shadow or digital twin? How the information is

going to flow in the product.

5. 3D source material, like BIM, CAD, and bigger infrastructure from terrain to the

underground.

There are also technical necessities that have a significant influence on the development of

the product, such as:
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- Browser usage or local software platform on computers.

- Cloud-based streaming and other cloud-based services.

- Cyber security and user rights.

- What is the level of technology usage in the project? Is it VR or AR based?

As the DT is a vast collection of information and features in the virtual environment, with a

large variety of possibilities for value creation, it is vital to form the goals and critical areas

considering the project. A close collaboration between parties enables this before starting

the project in a consultation phase. There, different stakeholders clarify the most value-

adding parts and challenges through workshops and sprints to a roadmap plan. (Niko and

Jarkko, 2022)

One crucial measurement to create is a dynamic road map that includes a detailed plan for

software creation. A road map defines a road towards a conditioning model that fills the

characteristics of a DT. (Niko and Jarkko, 2022)

In the project's first step, it is necessary to produce basics for technology and platform that

are discussed and agreed upon with the customer. Then, to scan all the possibilities of the

continuation possibilities and challenges of the project. After the first phase, the customer

gets documentation, observations, and the software to use, as agreed in the consultation

phase of the project. This way of doing has been recognized to have many benefits on the

try-outs before like:

- Time-saving and communication easing cooperation.

- Reduced errors and helps to avoid pitfalls that might occur in the more traditional

way of doing.

- Better visualized project and logistics controlling. It helps to ensure that designing

platforms are used more efficiently.

- Helps to observe the construction site´s safety and design.

- On-time updated information assembled as a bigger wholeness. Reduced mistakes

and miscellaneous document searching. It also helps the search for the newest

documents.
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- The effect of lightning at different times of the day and year for ensuring the

sufficiency of natural light.

- Usage of 3D geometry for helping property and real-estate controlling.

- Assisting tool for maintenance staff and reconstruction workers.

- Examination from a human's perspective creates a different kind of perspective than

just inspecting the building on designing software.

5.4 Customers and market analysis

The case company has made an effort to research DT on recognizing customer needs in smart

city businesses area. The DT research goal is to acknowledge market gaps and possibilities.

One study on the subject was made by a consultation company that studied market

opportunities and competitors (Swanlake, 2022b). Another study made was thesis, where

research was completed, among other things, on the possibilities of intelligent city usage and

its business possible business models (Solja, 2022).

5.4.1 Studies on market and customer analysis

The consultation company found through their interviews that most organizations have

already recognized the potentiality of digitalization. However, there are significant

differences between the results. Some are using pen and paper, some excel or more advanced

and already long-developed software solutions. Nevertheless, the result is still expected –

the digital level is deficient, and the data utilization is low. One reason is that no solution

has enabled it to achieve significant market potential. Also, customers have systems under

their usages that do not communicate together. Therefore, some conclusions from the

customers are that they don´t need more solutions and the new system should be able to

replace the already existing ones.

Studies are also backing those mentioned above that the digitality level in the construction

industry is at a low level. Figure 11 illustrates the story of digitality in different sectors. The

figure shows that the construction industry is the second lowest adopter of digitization before

agriculture and hunting.
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The construction industry is also very fragmented, and there are a lot of small actors in the

market. As there is no prominent actor who would have been able to take over the whole

value chain, it has caused problems with information sharing and investing in new

opportunities. This is because small actors have a higher threshold for making significant

investments in digitalization, for example. (Swanlake, 2022a)

Figure 11 McKinsey Global institute industry digitization index (Agarwal Rajat, Chanrasekaran Shankar, 2016)

Naturally, there are customer segments in the market that have different levels of digital

completion. One of the most progressive organizations in this area is primarily found in the

field of private real estate investors and public condominiums. Then again, most work is

needed in the cities and municipalities. Nevertheless, both of them have potential, real estate

investors on more ready, scalability plug-and-play solutions and the public sector on

digitalization of various materials. (Swanlake, 2022b)
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Previously mentioned parties also have very different needs considering smart building

solutions. For example, real estate investors are more interested in the commercial life cycle

and rental activity-based analyses. They are also interested in decreasing the emission levels

instead of improving energy efficiency. (Swanlake, 2022b)

As the level of digitalization in municipalities and cities are at a very low level, only the

condition assessment and long-term plans would provide great help. However, they also

keep the improvement of energy efficiency critical and exciting, but they aren’t most often

ready for it. (Swanlake, 2022b)

Another aspect is a quality assurance process used by small municipalities and more

prominent real estate investors. The software´s are hard to use, and they can´t get proper

recommendations out of the system, and hence, some of the customers have become

skeptical after a bad pilot experience. The bottlenecks with the new systems have been

recognized to be small resources, high return requirements by real estate investors, the

number of systems, and the threshold for learning new systems. The unsolved issues that

were raised more than once were taken in the conclusion part:

1. The properties and construction project information are scattered and in the wrong

form; therefore, the harmonization of the data is complex.

2. Systems are difficult to use, and the interfaces are complicated.

3. It is hard to make a conclusion based on the information gathered without the help

of an expert. Sometimes service providers themselves have difficulties forming

recommendations based on the data.

4. Property maintenance and technical maintenance have issues with communication,

understanding of information, documentation, and post-tracking.

5. Maintenance backlog is not only helpful for real estate investors but also for

commercial lifecycle. In the control of the portfolio, the most exciting themes are

economical aspects instead of technical ones.

Figure 12 shows the size of the construction market and smart buildings market. The market

for smart buildings is tiny in Europe – only 4,3% of the global market. In Europe, the smart

building market will grow with a compound annual growth rate of 17,6%, and the global

smart building market even faster, at 22,2%, so most likely, the ratio will grow even more
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expansive. Again, compared to the balance of the traditional construction market, where the

European market is 22,8% of the global construction market is a significant share. In the

right picture, Finland and its smart building market did not fit into the diagram, as the part

of it was so small. (Swanlake, 2022b)

Figure 12 Market size and growth (adapted from (Swanlake, 2022b))

Solja, (2022) Found also through the expert interviews, that DT:s are essential in constructed

environments, designed environments and for sustainable development if the construction

industry wants to create a revolution in working culture, digitalization processes, and overall

increasing development. The construction industry is highly affecting the natural

environment, and the competition is getting even tougher, therefore the attempt to receive

assistance from DT for these issues is almost essential.

5.4.2 Most promising combinations of digital twin technology

This section will process the gathered information from the interviewees. The purpose is to,

first of all, clear the definitions of the DT based on the answers. Most often, the concrete use
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cases of DT, at least in the construction area, are vague. Therefore the promising solutions

will be one topic to cover. Even though the literature review provided many benefits of DT,

this section will still determine whether something could be unexploited with the potential

to create a business.

The first question´s idea was to sort out, how the interviewees see the best combinations of

DT technology and are there already combinations that have been seeing to add value? The

answer changed a lot, depending on the field of expertise they were in (Table 3).

Table 3 Most promising combinations of DT

Person Promising combination of DT
#1 Most promising combinations of DT are interrogation, prediction and resource

efficiency.
#2 City design, control and interpreting energy data of properties and finding the

lowest hanging fruit in reconstruction theme.
#3 Simulation models for the future have been recognized to be very beneficial. It

can show how different forces are acting on the machine/product.
#4 For example, ICEYE provides access to timely and reliable Earth observation

data by a constellation of synthetic aperture radar satellites and Terramonitor,
which is an up-to-date and cloudless map of the globe with over 100 million
images.

#5 The best combinations have been BIM and Geoinformation. A variety of these
enables a multiscale approach to planning and design.

#6 In Siemens, the DT is threefold, DT of a product, DT of production, and DT of a
performance.

#7 Measuring the level of occupancy and living conditions.

As can be seen from table 4, answers change a lot from each other. Person #1 took a more

traditional and theoretical stand on the question. The answer viewed more overall benefits

and promising combinations of DT and its different possibilities. He mentioned that if one

looks at the underlying premise for DT, where the idea is to information for replacing wasted

physical resources, and the cost of information is less, then there are many different cases

already done. For example, Angel manufacturers could predict the failures far better than

individual airlines by using DT.

#4 person provided a view on the DT that it is much more than just city modeling and

designing, and the benefits there are marginal yet. Overall there are a lot of different

examples in various industries that are using DT efficiently and are gaining a lot of benefits

from that. Many benefits tie around in terms of predictive and remote maintenance.

Person #2 looks at the DT also from the city context. In the city context, DTs are already

used widely. It is easier to control the project and get a better understanding of the project.
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Of course, people have different opinions, and what fills all the applications of technology

is DT. He says that in the building level, well done BIM is already really close to basic level

DT. He also thinks that energy data interpreting and maintenance in cities, especially finding

the most promising energy improvement target, still has much potential. Person #5 thinks a

bit similarly. She says that:

``a lot of areas would benefit from this combination: 3D cadastre, asset management,

building permit issuing, urban/architectural design. The combination also enables a

multi-scale approach in planning and design.´´

#3 person works in mechanical engineering, and the DT there comes from the need to

simulate machines for predicting models and helping to prevent parts from breaking down.

He describes the simulation model as ``like having a capability to deep dive inside the

machine, and give information about different forces with different calculations.´´ One

concrete example is in biomechanics measurement of the pressure and elongation of a bone.

Measuring this with an elongation strip planted on the human bone is challenging and

painful. Instead of planting the strip on the bone, one could simulate the bone, add different

calculations, and get the same results.

#6 person says they have with Siemens recognized many benefits already for DT. They have

a DT that works on three levels: product, manufacturing, and performance. They are also

connected, and the DT core is mainly for manufacturing phases. Driving different simulation

scenarios for products is the most critical aspect, as it provides savings in different

manufacturing scenarios. Still the operation level DT is still very underused, and there is lot

of potentiality.

#7 person says that DT is, first of all, mainly used in operating phases and not in design

phases, which he thinks is strange. Overall the usage and technological level of machine

learning and model-based use is not very common in the operating phase yet. However, some

benefits have been seen in determining the occupancy level of buildings. Also, he says we

already have gathered some sensor data on temperature and humidity combined with pre-

given levels automated adjusting.
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5.4.3 Development of DT in the future

Second question deep-dove to the future predictions of DT. Idea was to find out, how

interviewees see or hope that the technology will be developing and solving in the future.

Growth of servitization and harmonization of the data were lifted more than once (Table 4)

Table 4 Development scenarios of DT

Person Development scenarios of DT
#1 There is a huge potentiality on different directions.
#2 Harmonization of data in different cities. Understanding the minimal required of

DT in city context. Wholeness of the systems.
#3 One goal of DT is to serve users better. This can be done by individualizing DT

for user specific.
#4 As a service way of development.
#5 Integration of platforms for data from different sectors.
#6 Development of AI will provide better outcomes on various processes.

#7 Adding more data on static building models.

Person #1 said there are naturally huge possibilities for DT in moving even more work from

the physical world to the virtual world. Person #2 hopes/sees that there will be increased

harmonization between cities in the data area. For example, understanding what the

minimum and enough level data for getting wanted results is, and the development of this

will most likely grow from increased understanding and various experiments. Another thing

is that harmonization of data will have higher importance, and he thinks that the DT will

develop further as a wholeness of the systems. He also said that they already had a project

where they tried to integrate data between hospital districts, and it was not an easy thing to

do at all. Person #5 also think that DT will be a data integration platform for different sectors

so that design and planning decisions can be implemented with several extra consideration

and could be communicated well with stakeholders.

Person #3 thinks that one of the goals for DT is to serve customers even better in the future.

The machines will most likely be even more individualized for customer needs. The profits

will most likely be received from servitization by monthly payments. The DT will help to

demonstrate the products even better, which is essential in building more individualized

products and services for customers. Most of the products will likely be shifted towards this

business model.
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Person #4 hopes DT will develop more to an as-a-service direction like Konecranes already

do in their business models. Could it be, for example, that the construction industry should

develop in a way where the primary business model is providing a well-working property

with remote control and maintenance instead of one-time payment from building a house?

This, of course, naturally insists on harmonized data and data acquisition.

Person #6 says one possibility of development is neural networks that will become an

essential aspect of DT. Based on the simulations of neural networks, it can recommend

specific data patterns to optimize control parameters. This optimization will lead to better

outcomes, for example, various manufacturing processes. With the development of neural

networks, he thinks that AI will most likely make its own decision without human

interaction, which enables better and faster decision-making.

Person #7 says that one development direction is the static data adding to different BIM

models, like, for example, when the building has been cleaned and when the floor has been

vaccinated, it can be signature on the model. However, these are still very unmature and

small things and does not create a big change. Hence, for a big change to happen, enough

incentives and trigger events have to happen. As shown in the energy crisis in Europe, where

people are eager to save energy because of the high energy prices.

Person #7 also thinks it is ideal first to develop a usage target for technology and then

solutions for it. Through the years, the technology or product has been developed first, and

then the application for it has evolved over the years, airplanes and cell phones being an

excellent example of this.

5.4.4 Market gap of digital twin

This question makes the foundation for the Thesis overall, as the main goal was to find

market gaps or hidden needs of DT in built environment. Most of the answers were trying to

guide, where the best potential lies in, and not direct answers. Except one, when social DT

concept was introduced (table 5).
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Table 5 Hidden potentialities of DT

Person Hidden potentialities of DT
#1 One should look at the construction industry more closely, and find places where resources are

wasted.
#2 The social side of DT in cities has a lot of social structures. For example, stakeholders of the

processes and the situation of various processes.
#3 Product individualization for customers with monthly payments for example.
#4 As a service development
#5 DT could be better used as an open data-exchange platform in the design and construction

industry.
#6 Blockchain and hive intelligence are opportunities for DT.
#7 Technology based processes.

To this question, person #1 advised looking more to places where the resources are wasted.

One important thing was to look where the money is spent because one could find the most

considerable potential.

Person #2 thinks the biggest potentialities of DT most likely are the energy efficiency

improvements in city level, although he warns that one can easily go too deep into an

individual property life, what brings unnecessary specificity on city context. Another thing

he mentioned is maintenance backlog and information about building maintenance-related

things. However, these are already very well-known potentialities of DT at the city level.

Person #2 mentioned that one bit of niche might be the social side of DT. It consists of

different spheres of activities in cities. There are roles, agencies, and responsibility areas in

the organization and at individual levels. Illustrating these could be massive potential for

asset management of different aspects like better recognition for necessary stakeholders of

the process, process levels of various projects, and the level of digitality. He also pointed out

having city dweller level DT, but that already goes far out, he said.

Person #3 thinks that servitization will be the way of doing it in the future. For demonstrating

this idea: one doesn´t necessarily pay one-time payment from a car, but instead pays from

the different characteristics of a vehicle - collision elimination tool, which one could buy

and receive discounts from insurance when purchasing this service. Another example could

be an excavator, where one could buy automated digging from different places. Also, Person

#4 thinks that as-a-service development´s potential is already immense, and there are many

paying customers in that area.
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Person #5 thinks that the best potentiality for DT might be found as a data-exchange platform

in the construction industry. The problem is only that the data should be published as open

data, and it is not the nature of these industries to do so.

Person #6 says, relating to his previous answer, that there are many potentialities for

technology with different parameter scenarios in simulation models. For example, a

manufacturing process where are different machines and processes. The parameter scenarios

simulation becomes too complex really quickly, even for a powerful calculating machine.

Therefore, having a calculating model that drives with a style of trial and error helps to solve

this problem. Another example case could be a fire in a building and how people should be

evacuated from the building. What if the fire blocks one critical outdoor? What about

resource optimization in hospitals? Could resource allocation be more efficient there, with

the avoidance of bottlenecks?

Nevertheless, answering the main question, he thinks AR and blockchain, and hive

intelligence will be technologies that will be used more in the future. AR is already used in

many cases. Blockchain could provide information on the whole logistic chain of the

process. Hive intelligence could provide essential knowledge, for example, on products and

how they operate in different climate conditions worldwide, with extensive customer data to

enable better products and services.

Person #7 jokes that the whole construction industry is the hidden potentiality for DT, as it

has been used so little. Besides the joke, he thinks that probably the lowest hanging fruits

could be found in the technological processes, as he categorizes roughly the processes as

more technological and human-based. Therefore, the fewer human involved in the process,

the better. The process is hard to automate if humans are involved because of the complexity.

One example is space-using analyses. So basically, the more the course of action and humans

need to be changed, the more complex the process gets.

5.4.5 Other ways of DT

The interviewees were asked, how they see, that could the development of DT done in

somehow other ways? What if we had been thinking it entirely wrong all along. This question
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did bring valuable points, from the angle that I was not expecting. One reason for unexpected

answers, where difficulty of understanding the question all along (Table 6).

Table 6 Other development scenarios of DT

Person Other development scenarios of DT
#1 DT is an organically growing technology, so it grows piece by piece.
#2 It is crucial to know what to do with the technology; hence, process planning is a

vital part of DT for ensuring the continuity of the technology.
#3 DT should grow more on the customized side of the idea. Another idea is to

provide simulated product models, showing how the system would work.
#4 People focus too much on the user interface instead of data and its

harmonization.
#5 Doing data-aligning all the way from scratch.
#6 Development scenario of a DT starts from the challenge, one needs to solve.
#7 Focusing too much on the technology side of the DT.

#1 person said that the direction for DT is organic, and therefore the question is funny. The

development of DT is sort of evolutionarily based.

``This is basically a there. There is no. This isn't like I wanna develop an airplane

and I basically put all the requirements down and start to figure out what

components go in. I mean this is sort of an organic evolutionary approach. I mean

we have virtual space, we have the ability of having information in that space and

different people, different areas are going after it. So it's a basically an evolutionary

in fact I have slides to talk about the evolution of this as opposed to it is not a hey,

we're developing in this direction. I mean again people are looking at where do I

create value for this thing and they're going after those particular use cases. So the

question sort of.´´ - #1

Person #2 begins that any project is likely to fail when the context is missing from the project.

Another aspect he mentions is that adding more registers on top of the already existing

register is not a good idea. The result will be eventually, that the less important will be left

out eventually due to the workload. He also mentioned that in the beginning, when virtual

modeling was started in the cities, the cities were modeled one time only. This leads to a

situation where these maintaining models can not be used, as they get old quickly. Therefore,

process planning is really vital for ensuring continuity.
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#3 person thinks related to his previous answers that customer individualization should be

the way of doing DT with maintaining the wholeness of the systems. However,

individualization will most likely be difficult, as the common understanding of a system with

product developer and customer differs. Gamification might bring assistance to the issue as

it can illustrate, how different accessories will affect the user experience.

#4 thinks, that people have been focusing too much on the software interface side. Real

challenges are in acquiring and maintaining data and defining the use cases. After these

problems are solved, the user interface problems are only piece of cake. The business

potential in the data aspect versus the user interface is totally on a different scale. Person #5

also highlights the issue that the data domains have been done independently and, therefore,

do not work together. She also says that doing it again from scratch is one solution for this,

although not a very likely one.

#6 person says that, first of all, what-if scenarios are advantageous. For example, the product

manufacturing process always has minor tolerance differences, and it is never completely

identified with the design data. It is, however, possible to point-cloud scan or laser scan the

product, then, based on the results, update the parameters of the design data and fix the

difference and challenges that occur. Another example he raised was how DT could change

business models. They had a customer relationship, where the income was received from the

savings of a customer's processes, and not in a traditional way.

#7 person says that the DT is built too technology-based, instead of focusing on the humans,

because they are the most challenging part of the puzzle. Also, he raised the question of

whether there is really an essential for every machine to be controlled through the internet.

He thinks that things often go too far in development at first.

5.4.6 DT as a technological or service solution

On the second last questions the interviewees were asked, that if they see that the DT is a

technological solution, service or both? All of the participants thought, that DT is certainly

a service solutions but also heavily technological solution (Table 7).



64

Table 7 DT as a technologocial or service solution

Person DT as a technological or service solution.
#1 DT is both a technological and service solution.
#2 The digital twin needs to be both.
#3 DT is both. It should be able to develop as a technological solution and then after

that as a service.
#4 Service solution.
#5 Both and more than that.
#6 Both solutions.
#7 Both solutions.

#1 person says that the DT is both because, on the one hand, one is building an elevator with

the assistance of DT. This increases reliability and efficiency. But on the other hand, One

can sell the information to the building owners to use to repair the elevator before it breaks

down.

#2 person also thinks that the DT is both, even though there are companies in the market

who can offer DT as a one-time solution. He also thinks that DT is not only one data

information system but a combination of those and therefore there most likely will be space

for one-time solutions but also service solutions. Person #3 also thinks similarly that the DT

solution is both. #5 person wrote:

``It is both; but also more than that: useful DTs are only realistic if they are considered

to be more than just a technical solution, it is also about governance, policy, financing,

agreements frameworks.´´

#4 person thought more straightforwardly than the other interviewees that the DT is a service

solution. He raised one experience from a case where they created a 3D model for a

customer. This model was easy to do. However, it was not updating and did not work in real

time. Therefore it could not be called a DT.

#6 person says that DTs business model will be based on both, although servitization style

will be increasing. He also mentioned that it would be only one phase of a development

longer development. In the servitization business model service producer and customer both

want the product to work as well as possible because this benefits both sides equally.

#7 thinks the DT both, with the service being the more difficult one to implement because it

requires changes in the course of actions and humans. Technology itself is not very complex,

and we have all the necessary solutions for it.
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5.4.7 Risks and opportunities of DT in ecosystem

As a last question of the survey, how the data ecosystem could have been improved by DT?

And vice versa, could there be some risks in DT and data ecosystem. It was clear that

interviewees mostly did see a risk in too much and unessential data gathering (Table 8).

Table 8 Risks and opportunities of DT

Person Risks and opportunities of DT
#1 There is a risk that the data is gathered without understanding the value it will

create.
#2 Risks are the understanding of what data is essential to record. Benefits of DT

will most likely be found from the harmonization of data, which might be itself
more useful than DT.

#3 In the context of the ecosystem, DT will help people understand more complex
pictures more easily.

#4 It seems that the data harmonization is overall really hard to do.
#5 There is a risk
#6 DT can improve the functionality of different processes with virtual testing.
#7 Biggest risks are related to data gathering.

Person #1 said it is essential not to collect any ``willy nilly´´ information, so it offers no

added value to collect massive amounts of unnecessary information. It is a waste of

resources. It is vital to know what and how to use the data. Person #4 again thinks that data

harmonization is hard to do, even though the added value is obvious, and in the paper, it

seems an easy task. However, DT could most likely assist in the data harmonization process.

Another aspect was that the applications and money are made on the DT's virtual side, which

might be one reason why the previously mentioned data aspects have not developed any

faster. #5 person think that, again, there are risks in implementing DT, and when it comes to

improving ecosystem functionality, DTs should be treated as assets themselves.

#2 person thinks vice versa that risks in DT is not considerable. The data intensity in city-

level DTs should not become a problem either, as the modeling frequency is not too specific

and not even close to big-data level. A much more sophisticated solution exists, like a

dynamic 3D model out of a paper machine. He believes, therefore, that all the needed

technical solutions exist. If Helsinki has 100 000 objects to model, it does not require too

much from the system. Of course, one can overdo everything. An essential aspect of data

acquiring is to realize if we are gathering the data with high frequency or only recording the

change and how significant changes need to be recorded with what accuracy.
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On the opportunity side, the #2 person thinks that DT has much potential to improve the

ecosystem. If one wants to benefit from the DT, the data harmonization needs to be in shape,

which can be more beneficial than DT will ever be.

He remembers that these same discussions were kept with BIM, as is now with DT. No one

needs to argue about the benefits of BIM anymore, and it is used almost in every significant

construction project to model buildings virtually.

#6 person says there is an opportunity for the customer where one could test the DT in a

manufacturing environment to ensure the machine's suitability for different operating

environments. One could try a new machine or product, for example, in a bigger production

chain, gather information on how it works with other devices, and then modify the machine

based on the results. However, this might raise issues, as one does not want to offer all the

information to other manufacturers. Therefore, the DT needs to be working as a black box,

for example, with blockchain technology.

#7 person thinks that the most significant risks are related to data gathering. And not just any

automated data gathering, but data gathering made by humans. Straight away, when humans

are involved in the data-gathering process, issues start to arise because of humane errors.

He gave an example of a cleaning procedure in the service stations. Everyone has probably

seen these notes on the walls of the toilet, where are signatures from the cleaners. These

confirmations could be done easily in the virtual environment. Problems, however, start to

arise when the same signature procedure should be used in maintenance. In its basics, it is

not a stranger task than cleaning example, except there are more variables and the variables

are not so straightforward.

Another question is that as the changes occur in the buildings often because of maintenance

and hence the building models get old quickly. Therefore, the question is, who maintains the

data, and how? The process of model updating should be therefore as straightforward as

possible.

For these process to work in first place, technology, way of doing, and people are the three

layers that need to be solved to get forward on the DT process. If one only tries to solve the

technology part, the whole system will never work. He also mentioned in the end, that of

course issues such as privacy and user rights will be their own topics.
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5.5 Investments and business resources

Considering the best business potentialities, an essential part of penetrating a new business

area is to develop calculations based on the resources needed. Appendix 1 shows simplified

calculations on how the new business opportunity should be approached. All the numbers

are based on the estimations of the old projects of Sitowise, and therefore those are

ambiguous yet trying to mimic the most realistic situation. All the calculations are not

defined for any specific technological solutions but merely a generic presentation of a

realistic fictional situation. The customer area is considered to be real-estate owners or

companies with an extensive amount of office buildings.

Calculations are based on the assumption that the average building size is 5000 m2 and profit

is 0,2 € per m2. With the base level of 10 properties and 250 € maintenance costs, and the

cash flow per month being 7,500 € in the first year. Based on these assumptions, the rational

level of initial investments is EUR 100 000 in the first year, rising to EUR 120 000 in the

second year, EUR 160 000 in the third year, and EUR 200 000 in the fourth, with a total of

EUR  580 000. This investing strategy is considered to be less risky compared to a one-time

investment.

Based on the first more linear growing scenario, after four years, the net present value (NPV)

calculations gave the return on investment (ROI) of 6% with an investment NPV of EUR 6

103, with a discount rate of 5%. With these calculations, the payback time for the

investments is 3,8 years (Appendix 1).

In the second scenario, the first two years are similar to the first scenario. After that, the

number of properties starts to grow exponentially. After four years, the ROI was 34% with

a discounted rate of 5% and of EUR 286 467. The payback time decreased to 2,5 years

(Appendix 2).

The product was thought to be mainly focused on the energy improvements of the properties

and increasing the quality of the living conditions. With these improvements, the customer

could receive savings from the energy spending, improve the satisfaction of employees and

improve the productivity of an employee.

Calculations are compared with Granlund Manager's case, where they improved the energy

efficiency of 14 universities in Finland. Their target was to save energy by up to 6%, which
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means up to EUR 3,5 million, in energy costs in the period of 2011 – 2016. The target was

achieved before the end of the year 2016 with careful planning and budgeting. (Martiskainen,

2021)

5.6 Competitor analysis

Companies compete on different levels and segments because the construction industry is so

scattered in Finland. The competition can be different on maintenance backlog, improving

energy efficiency, or automating quality assurance.

First, if the competition regarding maintenance backlog is considered, some competing firms

have already developed their own products for control. Table 9 shows what main competitors

there are in the market that act in the reconstruction market. It also offers different tools they

use on the market for controlling maintenance backlog and real estate full-service history

and building management plans.

Table 9 Market size and growth (Adapted from (Swanlake, 2022b))

Consults and specialists Maintenance management
plans

Portfolio management plan

Granlund Granlund manager Conmer
Vahanen Haahtela TVD Rapal - optimaze
Sweco Buildercom BEM Buildercom BEM
Ramboll Optima Skenario labs – real estate
A-insinöörit Tampuuri
Raksystems

In the business of improving energy efficiency, there are a few different competitors and

services in the area. First to be mentioned is Granlund, with their AI-based energy survey

tool. It can quickly calculate a property's energy efficiency potential, in what ways the most

significant savings can be achieved, and how much CO2 emissions can be reduced. The

second competitor is nollaE, a calculation software that can simulate the impact of different

economic and environmental improvements of energy efficiency acts. In addition, NollaE

has the capability to calculate other possibilities for the rearranging of energy flows and tell

what the most optimal one is. The third competitor – Fidelix EcoSmart, is also an AI-based

software system optimizing HVAC systems automatically. It uses weather data, buildings

heat accumulation, air temperature uptake, heat from the electrical device, and condition data

and gives propositions regarding the need for maintenance.
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In the area of overall intelligent service providing, the biggest competitors are listed in table

10. Most of these competitors that can be found from the table, are also providing services

to other improving energy efficiency and maintenance backlog operation solutions also. The

improvement of these competitors should be examined closely, for a possibility of finding

pitfalls and how to enhance own business strategy.

Table 10 Competitors in intelligent property services

Consults and specialists Service providers Property maintenance services
Granlund Nuuka - diagnostics Caverion Smart view
Vahanen 720 – predictive

propertymaintenance
ISS, L&T, Newsec

Sweco Fidelix
Ramboll R8tech – diagnostics
A-insinöörit Buildercom

Schenider – Ecostruxure building
Siemens - navigator

The conclusion of the interview results is summarized in table 11. The table consists of key

themes with the main points of the interviews. The thesis themes were built around six topics

that were building the basis of understanding the topic. Question three is one of the research

questions and the foundation for the whole thesis. Although questions overlap each other,

and therefore answers have a lot of similarities between. The findings, both from the theory

and research sections, had a lot of similarities as well and consequently supported each other.
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Table 11 Conclusion of the results

Topic Conclusion
Promising combinations - Tools for interrogation, prediction and resource efficiency.

- Energy data interpreting in properties
- Simulation models
- Observation data by pictures
- Occupancy and living condition measuring

Development of DT - Servitization business model development
- Harmonization of the data

Hidden potentialities - As-a-service development
- Focusing on the low hanging fruits
- Blockchain and hive intelligence
- Social side of digital twin

Other ways of DT - DT grows organically
- Process planning and engineering
- Focusing too much on the interface instead of the data
- Focusing too much on the technological solutions

DT solution - Both solutions
Risks and opportunities - Risk of unnecessary and poor data gathering

- Better understanding of ecosystems
- Development of processes

The case organization has a lot of potential to develop its own digital twin service, as the

digitality side is one of their expertise, and they already know about DT-related products

and fairly good basic information about the requirements of DT. This is an excellent

advantage due to the construction industry's low level of digitality overall. Considering the

investment strategy, the first two years were pretty static and then assumed to scale faster.

Although the level of digitality level is low in the industry, there are already digital

solutions for various solutions from competitors, with Granlund Manager being one of the

most prominent competitors.

The customers are relatively ready for new digital solutions, although the basic level is

shallow, making the work a bit complex and requiring a lot of work. The customer

segment is cities, large companies, or other real-estate owners with different needs. The

market for the smart building seems to be also growing quite heavily in the future.

The research section's results are analyzed in the next chapter. Then, it includes the

summarization of the whole thesis, a summary of all the gathered information, and finally,

a recommendation based on the collected data.
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6 Conclusions and discussion

In this chapter, the idea is to present conclusion and findings of the empirical part of the

study. The results of the interviews are presented, conclusion of the most prominent results,

research problems, and the need for the future research. The aim of this chapter is to answer

to the research questions.

6.1 Result analysis and conclusion

Considering the interviewee's answers, the variety was wide. They were from different

backgrounds and countries, affecting the responses. The first conclusion was that the topic

is still relatively new, with some existing solutions. However, the DT concept is gathering

much interest from many companies. DT solutions for the construction industry specifically

were especially primitive. This, however makes sense, if looking the (Agarwal Rajat,

Chanrasekaran Shankar, 2016) figure 13 in page 52, about the digitalization of different

industries.

Interesting part was that the DT solutions had significant differences. Most of the benefits

seen already are well recognized by for example Grieves and Vickers, (2016); Salo, Petänen

and Hemilä, 2022), who see that predictive maintenance and the possibility of operating

through simulations for mimicking the physical environment. Other benefits seen already by

DT is in the energy data interpreting in cities, especially allocating the focus on the lowest

hanging fruits. However, as already mentioned, based on these discussions, the usage level

of DT seems to be hanging a lot behind in the building-related industry and vice versa the

manufacturing industry has very well adopted the DT already.

There was consensus that the main development scenario will likely be based on serving

customers better, relating also to the fifth question, where all of the interviewees stated that

DT is at least a service-based solution. One potential explanation for improving services was

rooted in changing business models, where monthly-based services will become more usual.

This shifts the way of only delivering a product to a more cooperative state with the

customer, producing the best and most durable product possible with every customer's
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individualized needs. As the literature behind the changing business model stated, it is

essential to well-thought business plan is very important, or the value of the innovations

might not be addressed properly. (Teece, 2010)

In the city context, the future scenarios in based on interviewees are integration and

harmonization of the data in different sectors and consensus on the minimum needed for DT

in cities. Data harmonization is noticed as being likely the most significant cornerstone of

the development of DT, as it appeared in many answers and also based on the Cambridge

case (Lu et al., 2020). The core problem seems to appear in heterogeneity and large volumes

of data.Hence, the development of DT might force developers to create solutions which solve

many fundamental issues that might be more useful than DT would ever be. However, data

harmonization has been tried to solve already for decades without reaching anything

significant, as person #4 stated in his interview.

Other reasons for poorly developed DT in the construction industry can be based on the

complexity of the processes. Especially only technological solutions seem to be doable, but

when humans are involved, difficulties start to appear. The complexity seems to relate to the

construction industry overall because it consists of pieces that are hard to automate, for

example, changing working environments and the nature of the tasks. Also, humane errors

make an extra twist in the process.

Considering risks and opportunities, it is crucial to think before acting on how this new

technological solution will be used and what information is necessary to gather. In many

cases, people accumulate a lot of unrelated information, which worsens productivity and is

bad resource usage. Also there is a risk on maintaining the models up-to-date, as they get

old really quickly. Therefore, it is vital to have good process engineering plan to ensure the

continuity of the solutions. One interviewee raised a differing view on how important

technological tools have been developed first, and the purpose of use after, as planes and

mobile phone did.

Based on the first research question, what are the hidden needs of digital twin the only

concrete need that the interviewees presented, was social DT. As it clearly has potential for

developing business into it, the reality was more complex. It is really hard to first of all,

consider what information to gather and how, with the most important question, how to make

profit out of it, and proof the monetary benefits caused by the service.
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The construction industry market is clearly developing as some technological tools are

starting to appear on the market, especially solutions for the energy sector and maintenance

debt. It is crucial to follow the existing solutions, for finding the best possible ways of

developing own business model and gaining valuable information from competitors.

Considering the competition, Granlund is apparently investing a lot of resources to energy

improvement and maintenance backlog services, as could be noticed on their case with

universities and also that they are offering solutions, for many different business field

studied. As they improved the energy efficiency by budgeting and long-term planning, there

is still technological side unfilled.

For the second research question, as a conclusion, the most potential product/service still

could be a social DT with a monthly-based business model. This social DT could be

combined with services like energy efficiency improvements and assisting with the

maintenance debt of the buildings. Keeping in mind at the same time what and how the data

should be gathered and ensuring the continuity of the system with proper process

engineering. Also, searching neural networks and AI possibilities for automating and

improving processes and hive technologies for a more comprehensive understanding of the

customers and systems.

The customer area for the case company will most likely be big real-estate owners and

companies with office buildings. Having a decent customer relationship at first, with small

steps increasing the number of buildings. The new business area likely takes years to

strengthen its track in the market. To minimize the risk, the investments should be mild, with

growth each year. The first financial scenario could have been more profitable, and therefore

the return on the investment could be better. But again, the second scenario, with

exponentially growing investments, was already much more profitable and an excellent

investment. The second scenario counted on the situation where the first two years are based

on development, and then the customer relationship increases faster.

6.2 Reliability of the study

Overall, as the definitions of the digital twin is still missing, the topic becomes really wide

and challenging from many angles. As could be noticed from the interviews, the interviewees
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defined their own digital twin, that had huge variety with each other. This leads to a situation,

where the utilization  process is really hard to define accurately.

The interviewees were gathered from different industries not only intentionally but by the

mere pressure of time. A lot of emails were sent to a lot of other people without receiving an

answer. The idea was to interview people from abroad in the hope of adding different angles

to the topic. Still, they, for some reason, did not answer the messages, which then led to, in

a way, most likely too much to the heterogeneity of the interviewees. Naturally, this is not

only a bad thing, but as the primary goal was to find hidden needs from the construction

industry, the case company that could have aligned with its strengths and then develop

business on the chosen path, became really hard as most of the interviewees did not embrace

any knowledge on the construction industry.

Although the questions were presented clearly and sent in advance, the questions were

understood differently, and some of the questions were not understood at all, which forced

me to explain the questions to the interviewees with an example case. Using the example

case often misled the interviewee to lean too much on the topic, answering the example case

answer and not merely the main question. Especially the question about risks and

opportunities in the data ecosystem and other ways of DT caused a lot of confusion, which

led interviewees to understand the question differently and then answer it from many

different angles. Considering the sample size, it was not too big and therefore large

generalization can’t be done, however most of the answers were similar to already existing

knowledge on the subject.

Lastly, as the goal was to find hidden needs of the market for DT, it raised a conflict as the

interviewees did not necessarily want to tell the hidden potentialities because they

themselves were trying to do business out of it.

6.3 Future research

This work provides a reasonable basis for the future development of DT in the case company.

At a company level, more research should be made on the exact same area, on where the

potentialities lie, and developing a proper business plan for the technology. Competitors are

already investing large amounts of money in developing their own solutions for the market.
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It is essential not to fall out from the competition, as the consequences might be fatal in the

long run. Therefore, bold stands need to be taken.

On a large scale, studying DT from different angles is essential to have a more profound

understanding of the technology. There are fundamental issues that need to be solved before

the DT can be implemented widely through humankind, the core being the data

harmonization issues and humans involved in the process. One possible solution is for that

being an AI that could interpreting the data from every source. Most likely, on the way to

developing and solving issues related to the DT, other fundamental problems can be solved,

which can be more beneficial than the DT itself ever would.

For the construction industry specifically, the first steps could be found in the development

of the most accessible only technological-related solutions without forgetting to solve the

core problems. This development, of course, demands digitalization to improve the whole

field.

The social side of DT was a fascinating aspect. Even after discussing it with different parties

from the case company, the consensus was that it could have the possibility for further

research and development. It, however, requires much more research in the future to provide

an excellent basic understanding of the business potentiality, business models, what is the

added value for the customer, and how it should work.



76

7 Summary

The interest in DT has been high through industries, which is also the primary driver of this

thesis. The idea was to introduce DT technology and do research by using interviewees

thoughts about DT through interviews. Questions were formed to explore how they see it

now, in the future, what kind of technology it is in their opinion, what are the hidden needs

for it in the market, and what also was the research question for the thesis. All these questions

were answered in the interviews from different perspectives, depending on the interviewees

backgrounds.

The development of DT is getting forward fast overall. The manufacturing industry has

already implemented DT in their everyday services, but the construction industry is still

struggling to get forward and has big wins around the technology. Reasons for that might be

the low level of digitalization of the industry and the complexity of the processes when

humans get involved. Still, at the same time, the desire for their DT technology is strong,

and companies want their own version of the DT without knowing how to use it and what to

really do with it. At the same time, it is hard to get forward with the technology, as the

references are missing and the recorded benefits are ambiguous. However, companies should

keep DT in sight, as it has been expected to grow to its potential in 5-10 years, and after that,

one should be in the game.

The interviewees thought that there are many and, at the same time, one big problem in the

DT – data harmonization. This issue has been tried to solve already for decades without

achieving any significant breakthroughs. However, the incentives for solving this problem

are massive, and there are many quarters who are trying to find their solutions. Another issue

that the construction industry might need to solve is a business model change from a one-of-

a-kind to a monthly-based model.
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