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Construction companies are under constant pressure to improve their efficiency and 

productivity while simultaneously trying to minimize the resources required to complete 

construction projects. The industry is under a digital revolution in which Internet of Things 

(IoT) solutions play an important role in offering several potential benefits. However, the 

extent to which construction companies are currently utilizing IoT varies, and the companies 

are often indecisive and uncertain when considering adopting new IoT solutions.  

 

The objectives of this thesis are to examine to which extent IoT solutions are currently being 

utilized by construction companies, what IoT solutions are utilized, what the main barriers 

and drivers for IoT adoption are as well as how Finnish and Swedish construction companies 

differ in terms of IoT utilization and adoption. To achieve the objectives, the topic is first 

examined in a comprehensive literature review. The results of the literature review are 

compared with the results of a qualitative multiple case study conducted as semi-structured 

interviews with Finnish and Swedish construction companies.  

 

The results of the study reveal that the utilization level of IoT solutions is strongly linked to 

the size of the company. The larger the company, the more and advanced IoT solutions are 

utilized. The main drivers for IoT adoption identified in the literature review were mostly 

related to the drivers revealed by the case companies, whereas majority of the barriers were 

only partly related to the barriers identified in the literature review. The case company 

interviews revealed completely new drivers and barriers for IoT adoption. Finnish and 

Swedish construction companies seem to be mostly similar in terms of IoT utilization, but 

less so in the drivers and barriers that have to with IoT adoption. 
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Rakennusalalla toimiville yrityksille kohdistuu jatkuvaa painetta parantaa tehokkuuttaan ja 

tuottavuuttaan, pyrkien samalla minimoimaan projektien loppuun saattamiseksi tarvittavat 

resurssit. Ala on digitaalisessa murroksessa, jossa esineiden Internet (IoT)-ratkaisuilla on 

tärkeä rooli useiden hyötyjen tarjoamisessa. Yleisesti ottaen, IoT-ratkaisujen 

hyödyntäminen vaihtelee rakennusyrityksissä, minkä lisäksi ne ovat yleensä 

päättämättömiä ja epävarmoja harkitessaan uusien IoT-ratkaisujen hankkimista. 

 

Tämän diplomityön tavoitteina on selvittää, kuinka laajasti sekä mitä IoT-ratkaisuja 

rakennusyritykset hyödyntävät, mitkä ovat IoT:n hankintaan liittyvät pääasialliset esteet ja 

edellytykset sekä miten suomalaiset ja ruotsalaiset rakennusyritykset eroavat IoT:n 

hyödyntämisessä ja hankinnassa. Tavoitteiden saavuttamiseksi aihetta tarkastellaan ensin 

kattavalla kirjallisuuskatsauksella. Kirjallisuuskatsauksen tuloksia verrataan kvalitatiivisen 

case-tutkimuksen tuloksiin, jotka toteutetaan puolistrukturoiduilla haastatteluilla 

suomalaisissa ja ruotsalaisissa rakennusyrityksissä.  

 

Tutkimuksen tulokset osoittavat, että IoT:n hyödyntäminen on vahvasti sidoksissa yrityksen 

kokoon. Mitä suurempi yritys, sitä enemmän ja selvästi edistyksellisempiä IoT-ratkaisuja 

hyödynnetään. Kirjallisuuskatsauksesta havaitut IoT:n hankintaan liittyvät edellytykset 

olivat pääosin yhteydessä case-yritysten edellytyksiin, kun taas case-yritysten esteet olivat 

vain osittain yhteydessä kirjallisuudesta havaittuihin esteisiin. Haastatteluista nousi esiin 

täysin uusia edellytyksiä ja esteitä IoT:n hankinnalle. Suomalaiset ja ruotsalaiset 

rakennusyritykset vaikuttavat IoT:n hyödyntämisen kannalta pääosin samankaltaisilta, 

mutta IoT:n hankintaan liittyvissä edellytyksissä ja esteissä näyttää olevan eroavaisuuksia. 
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1 INTRODUCTION 
 

This introduction aims at guiding the reader to the main topics of the thesis. The chapter starts 

with the background of the thesis and the purpose of the study. Secondly, research objectives 

and limitations accompanied with appropriate research questions are presented. Thirdly, the 

methodology and data are discussed in brief. The chapter ends with presenting the overall 

structure of the thesis. 

 

1.1 Background 

 

In the field of Internet of Things (IoT) new business and market opportunities are opening up, 

and the solutions enabled by IoT are increasingly extending to all everyday areas of life 

(Miorandi et al., 2012; Wortmann & Flüchter, 2015). Every year the number of IoT devices 

connected to the Internet rises and it is estimated that by 2020, the IoT market may grow into a 

market worth 7.1 billion USD by connecting up to 50 billion devices (Muntjir et al., 2017; 

Wortmann & Flüchter, 2015). IoT technologies offer tremendous potential in all sectors of the 

economy by enabling innovative applications, products and services to consumers, companies 

and the public sector (Iivari et al., 2016; Del Giudice, 2016).  

 

Worldwide the construction industry has traditionally been slow to adapt to new technologies 

and never faced a major disruptive transformation, hence the utilization and adoption of 

technologies enabled by digitalization are still in an embryonic stage (Craveiro et al., 2019). 

However, the construction industry has gradually started to transform into a digital and 

innovation-based sector mainly because of increased competition, stricter budgets, tighter 

schedules as well as more available and affordable technologies (Craveiro et al., 2019; 

Headrick, 2017). Under this slow-moving technological change, the IoT has the potential to 

transform the construction industry with the help of new capabilities and solutions that cause 

the industry to adapt and change (Headrick, 2017; Craveiro et al., 2019; Woodhead et al., 2018).  

 

In general, the construction industry is often perceived as a relatively conservative industry 

with resistance towards new technologies (Oesterreich et al., 2016). To date, the industry is 

broadly relying on craft-based methods and characterized by a poor-quality image (Craveiro et 
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al., 2019; Paslawski, 2017). Thus, the transformation from traditional low-tech labor-intensive 

approaches towards modern high-tech capital-intensive approaches is challenging (Woodhead 

et al., 2018). IoT is one of the most prominent areas of improvement but the utilization and 

adoption of the IoT may result in the need for companies to radically shape, revise and reassess 

their current business models in response to new competitive dynamics (Iivari et al., 2016; Del 

Giudice, 2016).  

 

The field of IoT is a comprehensive technological area which presents great opportunities for 

development (Magruk, 2015). However, the utilization and adoption of IoT in the construction 

industry are relatively new paradigms, and thus, many construction companies are indecisive 

in terms of the potential value as well as other positive effects that come with the IoT (Magruk, 

2015; Woodhead et al., 2018). As the IoT is also a rather new paradigm, it carries a high level 

of uncertainty due to various characteristics, structures and behaviors still being somewhat 

unknown (Magruk, 2015). This creates challenges and barriers which must be addressed 

thoroughly when considering IoT in the construction industry (Magruk, 2015; Woodhead et al., 

2018). Even though IoT contains a new set of innovative technologies that provide 

organizations with potential benefits, it has still not spread widely which results in the need to 

address the topic more comprehensively (Carcary et al., 2018).  

 

Consequently, there is a significant research gap in examining how widely construction 

companies are in fact utilizing IoT and what the crucial positive and negative factors are that 

must be considered regarding IoT adoption in the construction industry. It can be assumed that 

many companies in the industry are aware of the IoT but have neither knowledge nor experience 

of how to utilize or adopt IoT solutions. Therefore, this study aims at contributing to the existing 

research by exploring the extent to which IoT solutions are utilized in the construction industry, 

the IoT applications that are used, the main drivers and barriers regarding the adoption of IoT, 

and the similarities and differences of Finnish and Swedish construction companies in terms of 

IoT utilization and adoption. To date, only a few academic studies have previously been 

conducted around the topic, which creates a great opportunity and motivation for this thesis. 
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1.2 Research objectives and limitations 

 

This thesis is carried out on behalf of a Finnish technology company, Fidera Ltd, which offers 

end-to-end IoT solutions for business-to-business customers by enhancing, securing and 

analyzing business processes. Currently, Fidera Ltd employs 10 people with an annual turnover 

of approximately 1 million euros in 2019. At the time of writing this thesis, Fidera Ltd operates 

in five different industries including construction, retail, restaurant, security and healthcare. Its 

solutions consist of providing the customer with both hardware and software.  

 

The hardware includes for example sensors, cameras, actuators, RFID tags, positioning devices 

among others. The hardware is always linked to the appropriate customized software solutions. 

The software includes either individual services or a complete platform through which multiple 

services are offered. Founded in 2013, Fidera Ltd has grown on the Finnish market for six years 

and is now trying to re-shape and improve its IoT solution portfolio in order to better answer 

market needs not only in Finland but also in Sweden. Therefore, one aspect of this thesis is to 

examine the Swedish construction industry in comparison to the Finnish construction industry 

in terms of current IoT utilization, applications, drivers and barriers for IoT adoption as well as 

how the countries differ from each other in terms of IoT utilization and adoption. 

 

Fidera Ltd has noticed that construction companies have cautiously started to make use of IoT 

based solutions at an increasingly wider scale in different construction operations. Construction 

operations refer to the pre-building operations, during construction operations as well as to the 

post-construction operations. The pre-, during and post-construction operations will later be 

addressed while discussing construction projects and processes. The construction projects cover 

the building of residential, building, commercial and institutional, industrial, and infrastructure 

projects. In some cases, specialized construction activities are also linked to construction 

projects. 

 

The IoT solutions of Fidera Ltd consist mostly of tracking, monitoring and controlling solutions 

targeted to all types of construction projects in which the data can be utilized for various 

purposes, such as for analyzing and long-term strategic planning, also on higher levels in the 

organization. Examples of Fidera Ltd’s IoT solutions include access control, environment 
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monitoring, overall security surveillance as well as asset tracking. The key problem that Fidera 

Ltd is currently facing is how it can shape the IoT solutions it currently offers to better answer 

the needs of the Finnish and especially the Swedish construction industry. The results of the 

thesis aim at helping Fidera Ltd to target and improve its solutions to better meet demand, 

improve its pricing model for solutions, optimize sales resources as well as focus its research 

and development activities. The thesis also serves the company’s cooperation partners 

indirectly. In order to tackle the key problem assigned by Fidera Ltd, three main research 

questions were formed. The research questions of this thesis are as follows:  

 

RQ1. To what extent is the IoT utilized and what IoT applications or solutions can be found in 

the construction industry?  

 

RQ2. What are the main drivers and barriers associated with IoT adoption in the construction 

industry? 

 

RQ3. How do Finnish and Swedish construction companies differ in terms of IoT utilization 

and adoption? 

 

The first research question aims at identifying the current utilization stage of IoT solutions in 

the construction industry. In addition, the aim is to examine what IoT applications or solutions 

are currently utilized within the construction industry. The answer to the first research question 

is first sought from existing literature in chapter 3, after which the findings will be compared 

and justified in the empirical part of this thesis. 

 

The purpose of the second research question is to identify what the main drivers and barriers 

regarding the adoption of IoT are. The adoption of IoT contains the process of procuring IoT 

solutions as well as the factors associated with implementing new IoT applications or solutions. 

The barriers take into account the risks, challenges and concerns related to adopting IoT, and 

the drivers consider the benefits, advantages and other positive effects associated with adopting 

IoT. The answers to this research question are first sought from existing literature in chapter 3, 

after which they are compared with and evaluated against the findings from the empirical part 

of this thesis. 
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The third research question is set for evaluating the similarities and differences of IoT 

utilization and adoption in the Finnish and Swedish construction industry. This is done by 

examining information from the perspective of the two previous research questions. The 

answers to this question will be presented in chapter 5. 

 

This thesis is limited to examining only the construction industry. This approach was appointed 

by the representatives of Fidera Ltd. The reason for choosing construction industry as the target 

industry in this thesis was due to the fact that currently the industry offers promising 

opportunities for Fidera Ltd. In the theoretical part, construction industry refers to the global 

construction industry if not referred to otherwise, such as Finnish or Swedish construction 

industry. However, the empirical part of thesis only refers to the construction industry of 

Finland and Sweden.  

 

The timeframe, existing resources and the chosen research methods set limitations for 

conducting this thesis. In terms of the academic literature, there are few academic publications 

about the topic, which limited the use of the material used in the literature review. In terms of 

time, there was six months to conduct this thesis, hence the interview schedule was quite tight. 

In total, nine interviews were held. The number of interviews from Sweden is not equal to those 

from Finland as Swedish representatives were significantly more difficult to reach, despite 

dozens of phone calls and e-mails. Therefore, the findings from the interviews cannot 

identically be compared as there is not as much information from Sweden.  

 

In general, the construction industry is very complex. The industry has its own overall 

characteristics but businesses operating in the industry may greatly differ from each other. 

Furthermore, the interviewed case companies were different in terms of size and core 

businesses which has to be take into consideration when comparing the answers. The case 

company representatives were also from different backgrounds and roles which might limit 

their viewpoints regarding the interview questions.  

 

In terms of definitions, the IoT platform in this thesis is linked to the academic definition of 

IoT platform. Therefore, the study draws insights from IoT platform theory to investigate the 
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concept of IoT services for the IoT platform. Additionally, this thesis examines related literature 

and publications about IoT services in order to investigate the specific characteristics affecting 

IoT adoption. A notable limitation is also that Fidera Ltd uses a closed IoT platform. 

 

As the IoT is a considerably broad concept, this study will not go deep into the technology 

related to the IoT but rather outline the concept at a level which is required in terms of general 

understanding of the reader. The term “smart” refers to IoT solutions in general, as “smart” 

associated with technology is in many cases used as a synonym to IoT technology. The term 

“driver” is equivalent to the terms “benefit”, “advantage” and “positive effect” and the term 

“barrier” in this thesis is equivalent to the terms “challenge”, “concern” and “negative effect”.  

 

Lastly, in the empirical part, this study collectively calls IoT systems, services and platforms 

IoT solutions or applications which aim at offering value for the customer. IoT solutions 

provide ready applications for users but there are several underlying elements, such as enabling 

technologies and architecture, that make up an IoT solution or an application. In general, IoT 

solutions are composed of physical devices, such as sensors, actuators and interactive devices, 

a network for connecting devices, data collected from devices and analyzed to create a 

meaningful experience, and lastly, a physical context in which the users interact with the 

complete solution (Ihamäki, 2017). In terms of IoT in the construction industry, the term “smart 

applications in construction” or “smart construction” also refers to IoT solutions associated 

with the construction industry. 

 

1.3 Methodology and data 

 

The methodology of this research is divided into two parts. The first part of the study is carried 

out as a literature review which aims at providing the reader with basic knowledge about the 

main definitions and concepts together with presenting a comprehensive picture of past research 

around the topic. The literature review works as solid theoretical foundation for the second part 

whose findings will be compared, evaluated and justified against the findings of the literature 

review. The literature review also serves partly in answering the research questions.  
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The second part of the study is the empirical part which is conducted as a qualitative multiple 

case study. The primary research method in the empirical part is semi-structured interviews 

with different representatives in Finnish and Swedish construction companies. In total, nine 

interviews are conducted with company representatives in Finland and Sweden. One of the 

interviewed companies was not from the construction industry and therefore it was treated as 

an expert interview in order to achieve a deeper understanding to complement the main 

interviews. The data of the interviews is used to evaluate and validate the findings from the 

literature review as well as to finally address the research questions of the study together with 

the findings from the literature review.  

 

1.4 Structure of the thesis 

 

This thesis is comprised of six chapters as shown in Table 1 below. The main chapters of the 

thesis are introduction, theoretical framework for IoT and the construction industry, utilization 

and adoption of IoT in the construction industry, research process, results and analysis as well 

as discussion and conclusions. Each chapter contributes to the overall aim of this study. Table 

1 below presents the input of each chapter as well as the output of each chapter in order to 

briefly describe the contents of the thesis. 
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Table 1. Input-Chapter-Output of the thesis 

Input Chapter Output 

General information about 
the thesis and research 

framework 
Introduction 

Background, research 
objectives and limitations, 

methodology and data, 
structure of the report 

Examine contemporary 
literature about the IoT and 
the construction industry 

Theoretical framework for 
IoT and construction 

industry 

Comprehensive 
understanding of the 

concepts of the IoT and the 
construction industry 

Examine contemporary 
literature about IoT 

utilization and adoption 

Utilization and adoption of 
IoT in the construction 

industry 

Extensive literature review 
about the utilization and 
adoption of IoT in the 
construction industry 

Define the research process 
including research approach, 

methodology, interview 
design and data collection 

Research process 

A thorough description of 
how the research is 
conducted including 

research approach and 
methodology, data 

collection and interview 
design 

Data from the case company 
interviews and results of the 

literature review 
Results and analysis 

Analysis of how Finnish and 
Swedish construction 

companies utilize and adopt 
IoT and how the countries 

differ from each other 

Results of the literature 
review and analyzed 

interview results 
Discussion and conclusions 

Answers to the research 
questions, recommendations 

for Fidera Ltd and 
discussion about future 

research 
 

The first chapter presents the background, research objectives and limitations, methodology 

and data as well as the structure of the thesis. Chapters 2 and 3 comprise the literature review 

of the thesis. Chapter 2 presents the theoretical framework for the IoT and construction industry. 

Chapter 3 covers the theories associated with the utilization of IoT in the construction industry, 

including found applications. Chapter 3 continues by covering the theories related to the 

adoption of IoT in the construction industry as well as the drivers and barriers for IoT adoption. 

Chapter 4 breaks down the research process of the thesis including research approach and 
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methodology, data collection and design of the interviews. In chapter 5, empirical findings and 

analysis of the interviews are presented and examined against the literature review. Finally, 

chapter 6 concludes the study by providing answers to the research questions as well as 

discussing recommendations for Fidera Ltd and further research. 
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2 THEORETICAL FRAMEWORK FOR IOT AND  
CONSTRUCTION INDUSTRY 

 

This chapter presents the main theories related to the IoT and construction industry. The chapter 

starts with explaining the concept of IoT on a general level. Next, IoT applications are 

presented, followed by enabling technologies, architecture, services and platforms. After this, 

the construction industry is discussed. The definition of construction industry is explained, 

followed by describing the main characteristics associated with the industry. Next, theories 

related to construction projects and processes are explored. Lastly, the Finnish and Swedish 

construction industries are presented in brief. 

 

2.1 The concept of IoT 

 

The term “Internet of Things” dates back to 1999 when it was first defined as a networked 

radio-frequency identification (RFID) infrastructure at the Massachusetts Institute of 

Technology (MIT) Auto-ID Center (Wortmann & Flüchter, 2015; Rong et al., 2015). RFID 

technology is the base technology for the modern IoT as it enables microchips to transmit 

identification information to readers via wireless communication (Xu et al., 2014). By utilizing 

RFID readers, objects with RFID tags can automatically be identified, tracked and monitored 

(Xu et al., 2014). The objects can be monitored in real-time without the need to be in line of 

sight, which allows to map out the real world into the virtual world (Atzori et al., 2010). RFID 

technology has been utilized in a vast field of applications in industries such pharmaceutical 

production, logistics, retail, healthcare and security surveillance among others (Xu et al., 2014).  

 

The IoT as a concept has been developing tremendously fast over time and extended beyond 

RFID technologies with sensors, actuators, GPS devices and mobile devices to name a few (Xu 

et. al., 2014). The fast development has resulted in an increased information exchange between 

devices, which we today commonly refer to as the IoT. However, the foundation of the IoT is 

also widely understood through the terms Internet of Everything (IoE), Web of Things, 

Industrial Internet of Things (IIoT), Embedded Web, Machine to Machine (M2M) and Industry 

4.0 (Nilsson, 2014). For the sake of simplicity, the term IoT will be used in this thesis to cover 

all of these terms. 
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To date there is still neither a standardized definition nor understanding of what the IoT actually 

encompasses (Wortmann & Flüchter, 2015). The main idea of the concept of IoT is that the 

“things” or objects that are present all around us are able to interact and cooperate with each 

other via a network in order to reach common goals (Atzori et al., 2010). According to the 

European Research Cluster (IERC), a common modern definition of the IoT is “a dynamic 

global network infrastructure with self-configuring capabilities based on standard and 

interoperable communication protocols where physical and virtual “things” have identities, 

physical attributes, and virtual personalities and use intelligent interfaces, and are seamlessly 

integrated into the information network” (IERC, 2011).  

 

Another commonly accepted definition for IoT has been proposed by The International 

Telecommunication Union (ITU) as follows: “a global infrastructure for the information 

society, enabling advanced services by interconnecting (physical and virtual) things based on 

existing and evolving interoperable information and communication technologies (ICT)” (ITU, 

2012). Many definitions emphasize the Internet-related perspectives of the IoT, such as network 

technology or Internet protocols, whereas some emphasize the “thing”-related perspectives as 

“things” become connected in the IoT (Wortmann & Flücther, 2015). Third types of definitions 

emphasize the semantic challenges in the IoT, referring to the storing, searching and organizing 

of large amounts of information (Wortmann & Flüchter, 2015). Atzori et al. (2010) highlights 

and classifies the main concepts, technologies and standards of the IoT with appropriate 

associations to the three corresponding visions as shown in Figure 1 below. 
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Figure 1. The three IoT visions (Adapted from Atzori et al., 2010, p. 2789) 

According to Atzori et al. (2010), the IoT paradigm is a result from the convergence of the 

things-oriented visions, Internet-oriented visions and semantic-oriented visions as illustrated in 

Figure 1. The most significant factor for the IoT paradigm is the integration of several 

technologies and communication solutions into one. Identification technologies, tracking 

technologies, wired and wireless sensor and actuation networks, enhanced communication 

protocols as well as distributed intelligence for smart objects are the most crucial technologies 

for enabling promising IoT solutions. In terms of the three IoT visions, the internet-oriented 

visions emphasize RFID as the base technology, whereas the things-oriented visions highlight 

technologies going beyond RFID. The semantic-oriented visions concentrate on exploiting 

technologies for modelling, description and reasoning over data as well as semantic execution 

environments and architectures for IoT. (Atzori et al., 2010) 

 

Patel and Patel (2016) divide the IoT into three different categories as follows: 1) people to 

people, 2) people to machine or things and 3) machine or things to machine or things. They 

continue that the IoT is a network of connected computers, devices and objects, i.e. “things”, 
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of all types and sizes including smart phones, vehicles, home appliances, cameras, toys, medical 

instruments, industrial systems, buildings, animals, people, chairs, food, clothes and water 

among others. The “things” communicate with each other over the Internet sharing information 

based on stipulated protocols in order to achieve, for example, reorganization, positioning, 

tracing, safety, control, personal real time monitoring, online upgrade, process control and 

administration. The objects, devices and machines are readable, recognizable, locatable and 

addressable through information sensing devices and/or controllable via the Internet. (Patel & 

Patel, 2016) 

 

 
Figure 2. The Internet of Things (Adapted from Muntjir et al., 2017, p. 423) 

The ultimate goal of the IoT is to enable “things” to be connected anytime and anyplace by 

anyone, ideally using a path or a network and any device as shown in Figure 2 above. The 

“smartness” of IoT is based on the fact that objects or “things” are able to make themselves 

recognizable and obtain intelligence by enabling or making context-related decisions due to the 

fact that they can communicate information about themselves. They are also able to access 

information that has been collected by other “things” or objects, or they can be individual 

components of larger complex services. IoT is revolutionizing the Internet, and ties the physical 

and virtual worlds together by creating a future in which digital and physical entities can be 

linked by the means of appropriate ICT in order to enable a totally new class of applications 

and services. (Patel & Patel, 2016; Miorandi et al., 2012) 
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2.1.1 Applications 

 

The IoT has spread out to nearly every industry and sector in the world by enabling intelligent 

solutions and thus making these industries and sectors “smart” (Wortmann & Flüchter, 2015). 

In terms of IoT applications, the term “smart” refers to various devices in an application domain 

which are able to automatically collect data, share information among themselves as well as 

initiate and execute services with minimal human intervention (Sarkar et al., 2014). The main 

industries utilizing IoT technology include smart energy, smart industry, smart networks, 

defense and public safety, smart retail, smart transport, smart farming, smart city, smart health 

and smart living as illustrated in Figure 3 below (Fraga-Lamas et al., 2016).  

 

 
Figure 3. Distribution of IoT applications and technologies (Fraga-Lamas et al., 2016, p. 2) 
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The application fields of IoT technologies are as numerous as they are diverse as IoT solutions 

are increasingly spreading virtually to all everyday functions. In the smart industry, the 

applications of smart production, monitoring and security systems are receiving greater 

attention, while smart energy applications focus on smart electricity, gas, mining and oil 

solutions. Smart living includes intelligent thermostats, security systems, home appliances and 

devices, and power systems among others. IoT solutions in the smart transport sector focus for 

example on vehicle fleet tracking, assisted driving and maintenance. (Wortmann & Flüchter, 

2015; Fraga-Lamas et al., 2016) 

 

In smart health, applications such as patient surveillance, chronic disease management as well 

as other monitoring and tracking solutions are used. In the context of smart city, applications 

such as real-time monitoring of parking space availability and intelligent lighting of streets are 

being explored. The applications of smart farming focus on agricultural and environmental 

solutions in the form of soil analysis, livestock monitoring, waste management, and fish 

farming among others. IoT applications in defense and public safety include solutions for 

equipment tracking, emergency services and public infrastructure. Smart retail is associated 

with solutions in stores in the forms of enhanced customer experience, cash registers, machines, 

cameras and signs among others, whereas the applications in smart networks concentrate on 

public enterprises. (Wortmann & Flüchter, 2015; Fraga-Lamas et al., 2016) 

 

Many companies have started to introduce IoT based products and services and there is a 

growing interest towards IoT in various industries (Wortmann & Flüchter, 2015; Xu et al., 

2014). The IoT is revolutionizing how products and services are developed and distributed as 

well as how infrastructures are managed and maintained (Fraga-Lamas et al., 2016). The 

utilization of IoT allows companies to achieve benefits through the IoT, such as improvements 

in operational processes, value creation, cost reduction and risk minimization due to increased 

transparency, traceability, adaptability, scalability and flexibility (Rong et al., 2015). It is 

expected that IoT will have a significant role in affecting our lives by making services and 

content always available. Furthermore, IoT will provide new ways of working and interacting 

as well as new ways of entertainment and overall living (Miorandi et al., 2012).  

 



   
 

16 

The current IoT paradigm has been recognized as a global trend which facilitates current 

businesses to develop new business models and market opportunities, although the business 

model concept around IoT has remained understudied over the last decade (Rong et al., 2015; 

Iivari et al., 2016). Many countries have significantly invested in IoT initiatives and in fact The 

United States National Intelligence Council (NIC) has listed the IoT among the six ingenious 

civil technologies which could potentially impact the US national power (Rong et al., 2015; Xu 

et al., 2014). Practitioners and politicians have also recognized the vast business opportunities 

of IoT and suggest that IoT may grow into a market worth 7.1 trillion USD by 2020 (Wortmann 

& Flücther, 2015). In 2010, the number of devices connected to the Interned exceeded the 

world’s population, hence Cisco estimates that there will be 50 billion devices connected to the 

internet by 2020 (Al-Fuqaha et al., 2015; Rong et al., 2015). 

 

2.1.2 Enabling technologies 

 

In the contemporary literature, there are numerous research papers about different aspects of 

the IoT technology (Al-Fuqaha et al., 2015). Enabling IoT technologies are technologies that 

make the IoT and its applications possible (Xu et al., 2014). Patel and Patel (2016) divide IoT 

enabling technologies into three different categories as follows: 1) technologies that enable 

“things” or objects to collect contextual information, 2) technologies that enable “things” to 

process the contextual information and 3) technologies that improve security and privacy. 

Categories 1 and 2 can be understood as functional building blocks of the IoT required for 

building intelligence into “things”, and thus, as features separating the IoT from the Internet 

(Patel & Patel, 2016). Category 3 is not functional but rather a must-have requirement due to 

the fact that without it the functioning of the IoT would largely be reduced (Patel & Patel, 2016).  

 

Xu et al. (2014) divide key enabling technologies of the IoT into identification and tracking 

technologies, communication technologies, network technologies and service management 

technologies. Čolaković and Hadžialic ́ (2018) further categorize key IoT enabling technologies 

into sensing technologies, identification and recognition technologies, communication 

technologies and networks, hardware, software, cloud platforms, algorithms, positioning 

technologies, data processing solutions, power and energy storage, and security mechanisms 

among others. In general, IoT solutions are composed of functional blocks that facilitate various 
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utilities, such as sensing, identification, actuation, communication and management, to become 

a part of the system (Čolaković & Hadžialic ́, 2018).  

 

The IoT requires a mixture of hardware and software technology, hence it cannot function as a 

single technology or system, but rather integrates several different subsystems and technologies 

into one (Čolaković & Hadžialic ́, 2018). From the technological point of view, the IoT can be 

seen as a global network infrastructure composed of numerous connected “things” that rely on 

sensor, communication, networking and information processing technologies (Xu et al., 2014). 

The baseline of the IoT is that it provides different solutions that are based on the integration 

of ICT technology. This can mean combining hardware and software that is used for storing, 

retrieving and processing data together with electronic systems that are used between 

individuals and groups (Patel & Patel, 2016). As shown in Table 2 below, Čolaković and 

Hadžialic ́ (2018) present IoT enabling technologies as functional blocks that are composed of 

four different domains: application, middleware, networking and object domain.  
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Table 2. Enabling Technologies of IoT (Adapted from Čolaković & Hadžialic, 2018, p. 19) 

 
 

The application domain manages application services that are often provided through the 

middleware domain. The enabling technologies belonging to the application domain serve as 

blocks utilized for monitoring, control, optimization and autonomy. The middleware domain 

serves as an intermediary between the application domain and the IoT objects. The enabling 

technologies of the middleware domain provide functionalities such as aggregating, filtering 

and processing received data from the IoT devices, information discovery, machine learning, 

predictive modelling as well as access control for applications. The third domain enables 

connectivity between objects and between objects and the global infrastructure, i.e. the Internet. 

Furthermore, it includes enabling technologies for hardware, software and protocols. The fourth 

object domain serves as an endpoint domain which includes physical things (real-world entities) 

as well as virtual things (virtual entities). The “things” have numerous capabilities such as 

sensing, actuating and identifying the surrounding environment and objects, storing and 

processing data as well as the capability to connect to other objects and integrate into 

communication networks. The objects themselves include enabling technologies such as 
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embedded software and hardware, i.e. electrical and mechanical components, embedded 

sensors, processors and connectivity antennas among others. (Čolaković & Hadžialic ́, 2018) 

 

2.1.3 Architecture 

 

In the context of IoT, layering is a common structuring technique which helps to combine 

similar functionalities in order to make IoT solutions understandable. Numerous research 

proposals have been introduced for different IoT architectures due to the rapid development of 

IoT. The layered architectural models for IoT are often applicable only to particular 

circumstances or to a specific application domain. Different architecture models are therefore 

usually meant for different types of applications and thus there is no unified architecture created 

specifically for a global IoT infrastructure. In addition, the development of the IoT has resulted 

in new proposals of layered IoT architecture models. (Sarkar et al., 2014; Muntjir et al., 2017) 

 

In order for the IoT to be able to interconnect billions or trillions of objects through the Internet, 

there is an ever-increasing need for flexible layered architecture models (Al-Fuqaha et al., 

2015). Reference architectures help in standardization due to the fact that they can be used 

while planning the implementation of an IoT system (Muntjir et al., 2017). From the various 

IoT architectures, the general and most widely used model is a five-layer architecture consisting 

of business, application, middleware, network and perception layers as presented in Figure 4 

below (Khan et al., 2012). 
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Figure 4. The five-layer IoT architecture (Adapted from Khan et al., 2012, p. 3) 

The perception layer, also known as the device layer, consists of physical objects and sensor 

devices. The function of this layer is to describe the identification and collection of object 

specific information from the sensor devices. Depending on the type of sensor (e.g. RFID, 

barcode, infrared radiation (IR) sensors), the information can be for example temperature, 

orientation, motion, vibration, acceleration, humidity and chemical changes in the air. The 

collected information will then be passed to the network layer in order to safely transmit it to 

the information processing system. The network layer, also known as the transmission layer, 

safely transfers the collected information from the sensors to the information processing system. 

The technology for transferring can be either wireless or wired depending on the sensor devices. 

The network layer acts as a bridge between the perception layer and middleware layer in 

transferring information. (Khan et al., 2012) 

 

The middleware layer is responsible for the service management with a link to the database. 

Service management in this context refers to each device connecting and communicating with 
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only such other devices that implement exactly the same service type. The middleware layer 

receives the collected information from the devices through the network layer and stores it in 

the database. The middleware layer performs information processing and ubiquitous computing 

in order to make automated decisions based on the results. The purpose of the application layer 

is to provide global management of the application with the objects’ information processed in 

the middleware layer. An application here refers to, for example, smart health, smart farming, 

smart home, smart city and intelligent transportation. The business layer is in charge of the 

overall management of the IoT system, including its applications and services. The business 

layer builds the end users models, graphs and flow charts, among others, based on the 

information received from the application layer. This layer can utilize the results for analysis in 

order to determine the future actions and business strategies. (Khan et al., 2012) 

 

2.1.4 Services and platforms 

 

The rapid development of sensors, wireless communication, cloud computing and the like has 

shifted the ICT of today to focus on service environments created by the IoT (Lee & Lee, 2018). 

From the IoT perspective, every “thing” or object can be seen as a potential service provider, 

although they cannot provide a complete application as such. Therefore, IoT applications 

require a holistic combination of several “things” or objects in order make them achieve 

comprehensive functionality (Sarkar et al., 2014).  

 

In the context of IoT, service management can be defined as the implementation and 

management of quality IoT services that meet the needs of applications or users (Xu et al., 

2014). Thus, an IoT service is a collection of data and related behaviors for accomplishing a 

particular function or feature of a device or portions of a device (Xu et al., 2014). However, IoT 

services must be combined with other services in order to form a single integrated service which 

shares sensed data with proper integrated management (Lee & Lee, 2018).  

 

IoT services can be categorized into primary and secondary services. Primary services are 

services that expose the primary functionalities of the IoT and can be seen as the basic service 

component in the system. Secondary services are services that provide auxiliary functionalities 

to the primary service or to other secondary services. In general, services in IoT may have one 
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or more characteristics which define service data structures, permission and descriptors. (Xu et 

al., 2014) 

 

Even though IoT services have distinctive features, many of them still share similar 

characteristics. In healthcare, for instance, IoT services address a variety of needs but still use 

similar sensors and modes of analysis. Although the sensors and modes of analysis are similar, 

they serve a different purpose and thus cannot be integrated with each other. Therefore, IoT 

services have required the development towards IoT platforms, and in fact many current IoT 

services offer their own platform. The main benefit for offering services through IoT platforms 

is that the services can be integrated in order to establish the exchange and management of data 

from heterogenous sources. (Lee & Lee, 2018) 

 

In general, a platform is a relatively broad concept, hence its definition depends on the context. 

In computing, a platform is determined as “a group of technologies that are used as a base 

upon which other applications, processes or technologies are developed” (Wortmann & 

Flüchter, 2015). From the business perspective, a platform is seen as a design for products, 

services and infrastructure to facilitate users’ interactions (Löfberg & Åkesson, 2018). In 

relation to the IoT, platforms are essentially software products that offer comprehensive sets of 

application-independent functionalities which can be utilized to build IoT applications 

(Wortmann & Flüchter, 2015).  

 

From business perspective, the nature of individual IoT platforms can vary significantly as 

different providers of those platforms concentrate on different aspects of the IoT technology 

and therefore offer very diverse sets of functionalities. Thus, there are no standardized IoT 

platforms, but many existing platforms are targeted to addressing specific needs and areas of 

applications. The first type of IoT platforms focuses on IoT-specific functions that complement 

existing non-IoT platforms. The second type of IoT platforms concentrates on the “things” by 

offering functions to develop and operate embedded applications. Lastly, the third type of IoT 

platforms aims at being an “all-in-one” platform by offering as comprehensive functionalities 

as possible and going beyond core IoT technologies. (Wortmann & Flüchter, 2015) 
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2.2 Construction industry 

 

Construction industry is one of the oldest and largest engineering industries in the world (Louis 

& Dunston, 2018). The construction industry refers to the contractors building for clients which 

covers on-site assembly as well as repair work of buildings and infrastructure, including site 

preparation, construction of buildings and infrastructure, building installation and building 

completion. In some definitions, construction industry also includes supply chain for 

construction related products, i.e. mining and construction materials, as well as the 

manufacturing of construction products. In addition, the construction industry may refer to 

professional services such as management, architecture, engineering design and surveying as 

well as land and facilities management. (Pearce, 2003) 

 

Bennett (2003) divides construction industry into two main categories: general building 

construction and engineered construction as shown in Figure 5 below. General building 

construction can further be sub-segmented into residential, institutional, commercial and 

industrial building. Residential building aims to produce buildings for human habitation, such 

as flats, apartments and high-rise buildings. Commercial construction produces for example 

stores, shopping centers, office buildings and warehouses. Institutional building focuses on 

producing for example sport stadiums, hospitals, schools and government buildings. Industrial 

building aims at producing buildings with high technical complexity which results in facilities 

for the manufacturing and processing of products. Examples of industrial buildings include 

steel mills, petroleum refineries and industrial factories. (Bennett, 2003. p. 1-2) 
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Figure 5. Construction industry segments (Bennett, 2003, p. 1-2) 

According to Bennett (2003), engineered construction can be characterized as infrastructure 

construction since the outcomes of engineered construction are often owned by the public sector 

and funded by taxes, bonds or rates. Engineered construction often emphasizes functionality 

over aesthetics, and such buildings require an extensive amount of materials. Engineered 

construction work can further be divided into two common categories: highway construction 

and heavy construction. Highway construction commonly includes excavation, embankment 

construction, bridge installation, drainage structures as well as associated lighting and signal 

installation. Heavy construction refers to dams, pipelines, tunnels, marine structures, sewage 

and water plans, railroads, airports, pumping stations, storm drains among others. (Bennett, 

2003, p. 2) 

 

In general, the construction industry requires a significant amount of raw materials produced 

around the globe as it consumes for instance 50 per cent of the globally produced steel. In 

addition, the industry is responsible for 30 per cent of the global greenhouse gas emissions. 

Nevertheless, the construction industry provides the foundations which societies depend on. 

The populations living in urban areas are increasing which impacts the need for affordable 

houses, public transportation and utility infrastructure. The perceived image of the construction 

industry is relatively negative, as the industry is seen as low-tech and relying on craft-based 
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methods coupled with poor performance and quality image. (Craveiro et al., 2019; Paslawski, 

2017) 

 

The construction industry consists mainly of small and medium-sized (SME) companies with 

limited capabilities of investing in new technologies. Lack of innovation and technological 

progress equals low amount of money invested into research and development annually. The 

amount invested into research and development in the industry in 2015 was less than 1 per cent 

of its net sales, making construction industry one of the most low-intensity industries in this 

regard. This is relatively alarming, as the construction industry is one of the largest contributors 

to employment and economy on a global basis. (Oesterreich et al., 2016)  

 

The construction industry is in need of new approaches for improvement due to the fact that the 

companies operating in the industry are typically affected by cost and time overruns. Other 

common negative characteristics of the industry include: 

• The industry being a project-based industry dominated by unique products 

• The industry’s assembly operations occurring in unstructured and dynamically 

evolving outdoor environments, often spreading across large areas  

• The industry has several stakeholders, which makes it a complex environment to 

operate in.  

These characteristics lead to discontinuity between the office and the field, which results in a 

lack of information flow which in turn negatively affects the timeliness and quality of decision-

making. In addition, failure to meet the generally complex quality requirements may increase 

the cost of construction projects by as much as 300-400 per cent. (Louis & Dunston, 2018; 

Paslawski, 2017) 

 

2.2.1 Construction project and process 

 

Construction work is mostly carried out in the form of projects. From the management 

perspective, an owner typically owns the project and hires a main or general contractor to carry 

out the project. The main contractor is responsible for managing the contract administration 

with clients, project financing, material and equipment procuring as well as project progress. 
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In most construction projects, the general contractor utilizes several subcontractors whose 

purpose is to perform some aspects of the general contractor’s work. Subcontractors are 

responsible for the execution of tasks that require specialized expertise in the construction 

project, such as supplying materials, manpower, equipment, tools and designs. The general 

contractor’s success in delivering the project within the time, quality and cost restraints often 

depends on the performance of subcontractors. Construction projects also commonly require 

cooperation from material suppliers, insurance companies, attorneys, bankers and the like. 

(Yoke-Lian et al., 2012; Bennett, 2003, p. 1) 

 

Generally, every construction project is unique as their size, complexity and duration varies, 

and all construction projects follow a general life cycle including phases from start to the 

completion of a project (Bennett, 2003, p. 1). Bennett (2003) has identified 6 phases in the life 

cycle of a successful construction project which are presented in Figure 6 below. The phases 

are 1) pre-project phase, 2) planning and design phase, 3) contractor selection phase, 4) project 

mobilization phase, 5) project operations phase and 6) project closeout and termination phase 

(Bennett, 2003, p. 7).  

 

 
Figure 6. Construction project phases (Adapted from Bennett, 2003, p. 7)  

The pre-project phase includes decision-making by the project owner in the form of deciding a 

project delivery system and type of contract. A project delivery system determines how 

different parties will be related in a particular construction project in terms of responsibilities, 

workload and procedures. The type of contract includes agreeing on the terms between the 

owner and the contractor about costs to do with, for example, materials and professional hiring. 

In addition, cost limits and other parties’ costs will also be defined. Depending on the 

experience and expertise of the owner, consultants or other professionals, such as engineers, 

project managers or architects can be utilized in order to receive advise for the crucial pre 

project decisions. (Bennett, 2003, p. 8) 
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In the planning and design phase the total definition of a particular construction project needs 

to be ready for deployment and contractor selection. This phase includes three important stages. 

In the first stage, the project objectives and financial feasibility are defined, and a project brief 

will be developed. In the second stage, a design professional will be used to draw detailed 

construction drawings of the project components and detailed design of other important 

systems, such as electrical and structural, in keeping with the requirements. The third stage of 

this phase is the outcome of the two previous stages with the goal of preparing design 

documents to be used in contractor selection and installation work at the construction site. These 

documents must include legal requirements, technical specifications about materials and 

installation rules, and important documents to do with selecting the contractor. (Bennett, 2003, 

p. 8-9) 

 

The third phase, that is contractor selection phase, refers to the owner’s decision of selecting a 

proper contractor. This phase starts with screening proper contractors by extending an open 

invitation either to all possible candidates or to a limited number of candidates. In some cases, 

this operation includes a pre-qualification process to limit the number of candidates. Once the 

candidates have been sorted out and the project seems attractive, the contractor must consider 

various factors related to the proposed project. These can be divided into two important 

categories. Firstly, a series of planning steps will be performed in order to evaluate the time 

schedule of each activity as well as equipment and methods necessary to employ those 

activities. Secondly, a cost estimation will be proposed to determine the direct costs of 

materials, labor, plant and subcontractors among others. The last step of this phase is to choose 

the contractor and finalize the construction contract based on the aforementioned information. 

(Bennett, 2003, p. 9) 

 

The fourth phase, project mobilization phase, refers to a number of activities to be completed 

before the actual construction work can begin at the site. The previous cost estimation must be 

translated into a project budget and a system for actual project cost must be set. Various 

licenses, insurances and bonds must be secured. The construction site must be organized in 

terms of temporary employee accommodation and services. In addition, site access, storage 

areas and security must be prepared. The process for obtaining equipment, materials, labor and 
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other resources must be set, organized and initiated. The outcome of this phase is to begin the 

field construction. (Bennett, 2003, p. 9)  

 

The project operations phase encompasses the fieldwork at the actual construction site. The 

responsibilities of the main contractor must be presented, and they involve three main areas: 

monitoring and control, resource management, and communication. The first area requires the 

contractor to make sure that the actual project schedule follows the pre-set schedule. Similarly, 

the costs of the project must be compared against the actual performance and budget. In 

addition, quality management must be ensured to assure that the work adheres to the set 

technical requirements. Lastly, the contractor must ensure that the work is carried out safely 

and that the environmental impact is minimal. Other important activities carried out by the 

contractor in this phase are proper documentation, resource management, and assigning and 

supervising employees. (Bennett, 2003, p. 9-10) 

 

The sixth and last phase, project closeout and termination phase, refers to construction project 

completion. A number of particular activities must be carried out before the contractor can be 

pulled away. These include, for example, various testing and startup tasks, final cleanup and 

different inspections. Furthermore, a specialized set of documentation is required for acquiring 

certificates and approvals which allow the contractor to receive the final payment. A set of other 

paperwork, including all changes to the design during the project, warranties, operating manuals 

as well as the final report must also be prepared. The contractor is also responsible for project 

records in terms of transferring and archiving them in order to conduct evaluation and critique 

of the project. (Bennett, 2003, p. 10) 

 

Arditin and Gunaydin (1999) define construction process as illustrated in Figure 7 below. In 

their vision, the construction process aims at delivering a high-quality product for the final 

external customer. The process includes customers that can either be internal or external. These 

customers in the process are the owner, architect or engineer, constructor and finally the owner 

who receives the end product. According to the vision of the authors, the customer or successor 

receives the input from the predecessor. For example, the architect or engineer is the customer 

and successor of the owner because the architect or engineer must receive appropriate 
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requirements which act as the input in order to deliver a feasible design for the project. (Arditin 

& Gunaydin, 1999) 

 

 
Figure 7. Construction process (Adapted from Arditin & Gunaydin, 1999, p. 240) 

The input from the predecessor is used to complete the required phase as a separate process, 

which again results in an output for the next customer or successor in the process. The idea 

behind such vision is that each phase is affected by the quality of the previous phases. Therefore, 

each phase contributes to the overall quality of performance of the construction process. 

(Arditin & Gunaydin, 1999) 

 

In a way, the construction project phases presented by Bennett (2003) and the construction 

process of Arditin & Gunaydin (1999) are similar. Both views state that construction is carried 

out on a step-by-step basis in which different phases contain tasks, activities and roles with 

appropriate inputs and outputs required for moving on. In general, construction consists of 

linear building blocks that can either be displayed as a project or a process which eventually 

leads to a final end product. 

 

2.2.2 Finnish and Swedish construction industry 

 

The construction industry plays a significant part in any country’s economy (Craveiro et al., 

2019). In 2017, the construction industry in Finland was the third largest industry after 
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agriculture, forestry and fishery, and industrial manufacturing (Tilastokeskus, 2019). The 

construction industry in Sweden was placed as the fifth largest industry of the nation in 2018 

(Holmström, 2018). The construction industries in Finland and Sweden are divided similarly 

into construction of buildings, civil engineering and specialized construction activities 

(Tilastokeskus, 2008; Sveriges Byggindustrier, 2018a).  

 

According to Tilastokeskus (2019), there were in total 41,114 construction companies operating 

in Finland and employing approximately 166,000 employees. In 2019, the number of 

employees in the Finnish construction industry had risen to approximately 200,000 

(Rakennusteollisuus, 2019). In Sweden, the total amount of companies operating in the industry 

was 105,749 in 2018 employing approximately 320,000 people (Sveriges Byggindustrier, 

2018a; Sveriges Byggindustrier, 2018b). In 2018, the amount of new construction projects in 

Finland totaled 45,057, whereas in Sweden the amount was 64,400 (Rakennusteollisuus 2019). 

 

The construction industry in Sweden is largely local and national despite that international 

competition has increased in recent years. This applies to the overall construction chain from 

owners and consulting services to building material manufacturers and construction 

contractors. The construction industry in Finland has had positive effects from the current 

economic upshift, which has resulted in strong growth especially in building construction of 

urban city areas and other growth areas. Finland is also the most positive construction market 

in the Nordic countries in terms of national economic situation. (Sveriges Byggindustrier, 

2018b, Rakennusteollisuus, 2018) 

 

In Sweden, the economic situation is worse compared to Finland. The overall construction 

activities are constantly decreasing, and property prices are falling. In Finland, the economic 

situation is better compared to Sweden, but it is estimated that the growth of the Finnish 

economy will also start to slow down. Furthermore, the growth of the global construction 

industry has been predicted to slow down due to negative news regarding the overall world 

economy, limiting the European construction industry into a growth of 2 per cent in 2019 and 

1.6 per cent in 2020. The estimates for the Finnish and Swedish construction markets point to 

negative growth during 2019 despite the strong confidence of the companies operating in the 

industry. (Sveriges Byggindustrier, 2018b, Rakennusteollisuus, 2018) 
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The near-future estimates of the Finnish economy as well as the negative economic situation in 

Sweden strongly affect the construction industry in Finland. Even though the world economy 

is estimated to grow in the near future, the risks of the construction industry have been noted 

and the market is expected to be challenging for companies operating in the industry. In general, 

difficult times lie ahead for the Finnish and Swedish construction companies as the construction 

industry is estimated to be among the first major industries moving towards economic 

downturn. (Sveriges Byggindustrier, 2018b; Rakennusteollisuus, 2019) 
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3 UTILIZATION AND ADOPTION OF IOT IN THE 

CONSTRUCTION INDUSTRY 
 

This chapter explores the main theories related to the utilization and adoption of IoT in the 

construction industry. The chapter starts with presenting how IoT is utilized in the construction 

industry as well as what and to what extent IoT applications are currently being utilized. Next, 

the main theories related to the adoption of the IoT will be presented. Lastly, the chapter 

comprehensively dives into the main drivers and barriers associated with IoT adoption in the 

construction industry. 

 

3.1 IoT utilization 

 

The construction industry has traditionally neither been among the first industries to embrace 

new technologies nor has it faced major disruptive transformation, hence the utilization of 

digitalization and automated production is still in an embryonic stage. Moreover, the 

construction industry is the least digitalized sector in the world with the worst records in terms 

of productivity, efficiency, reliability and safety. Change-resistance is also high as companies 

in the sector are looking for quick returns on investments. The need for improving the 

productivity of construction is associated with the importance of construction development to 

economic growth as well as with the need of transforming resources into products in the 

industry. The current trends in the sector are focused on minimizing the inefficiencies of 

construction operations as well as on replacing the traditional craft-based methods of designing 

and carrying out construction projects with innovative technologies such as the IoT. (Craveiro 

et al., 2019; Woodhead et al., 2018; Gbadamosi et al., 2019) 

 

Despite the fact that the industry is being affected by negative perceptions, the industry has 

slowly managed to start transforming into a digital and innovation-based industry, mainly due 

to increased competition, stricter budgets, tighter schedules, institutional requirements as well 

as more available and affordable technologies (Craveiro et al., 2019; Headrick, 2017). The 

utilization of IoT offers promising opportunities for the industry with several value-adding 

benefits, such as globalization through virtual teams, competitive advantage, quality 
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enhancement, increased client satisfaction as well as simplified information exchange across 

stakeholders, including contractors, clients, engineers, architects and facility operators 

(Edirisinghe, 2019).  

 

The transformation towards IoT allows data and digital technologies to augment construction 

operations and improve efficiency and decision-making. A shift towards a physical-to-digital 

and digital-to-physical connection is enabled by the use of sensors, controls, augmented reality 

(AR) systems, cognitive and high-performance computing, additive manufacturing, advanced 

materials, autonomous robots, digital design and simulation systems among others. By utilizing 

IoT, construction companies have the potential to enhance various stages of construction 

projects by enabling smart, secure, sustainable and automated working processes and 

environments with numerous smart application possibilities, including construction site 

automation, home automation and safety monitoring among others. In the future, the most 

dangerous and repetitive construction tasks can be carried out by robots that will exchange data 

with each other and eventually have the ability to learn. (Craveiro et al., 2019; Woodhead et 

al., 2018; Kochovski & Stankovski, 2018; Gbadamosi et al., 2019) 

 

The construction industry is turning from an RFID-based focus to an IoT-based focus by 

combining different types of data sources and information (Craveiro et al., 2019). In terms of 

construction operations, Building Information Modelling (BIM) is a potential component of the 

IoT, since it has become an established paradigm in the development of enhanced project 

delivery practices (Cheung et al., 2018; Tang et al., 2019). The linking of IoT with BIM can 

help achieve the transformation from automated production to a higher level of digitalization 

by integrating the virtual and actual building through an information technology system 

(Craveiro et al., 2019). BIM is a revolutionary technology which combines databases and 

geometry into digital 3D models that can be applied in all stages of a construction project, such 

as planning, design, construction, operation and maintenance (Cheung et al., 2018).  

 

The potential of connecting IoT and BIM together offers construction projects benefits, as the 

two technologies compensate for the limitations of each other. BIM models are used to create 

high-fidelity representations of the as-designed building objects, properties and spatial 

organization from the component level data as a selection of virtual assets or objects. IoT 
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technology supports this information by enabling real-time and recordable data from the actual 

operations in construction. The real-time data streams from the IoT sensor networks that are 

connected to the high-fidelity BIM models enable numerous feasible applications for the 

construction industry. (Tang et al., 2019) 

 

3.2 IoT applications 

 

Despite the great potential IoT technologies offer to the construction industry, the applications 

and application fields of the IoT have been relatively unexplored (Lam et al., 2017). However, 

Cheung et al. (2018), Mahmud et al. (2018), Tang et al. (2019) and Kochovski and Stankovski 

(2018) conducted extensive literature reviews and studies of the main IoT applications and 

application fields utilized in the construction industry. In total, Cheung et al. (2018) found five 

application categories related to Wireless Sensor Network (WSN) and Building Information 

Modeling (BIM), Mahmud et al. (2018) found 14 categories of IoT utilization in the Malaysian 

construction industry, Tang et al. (2019) found 16 categories related to BIM and IoT integration 

and Kochovski and Stankovski (2018) found four categories related to smart construction (see 

Table 3).  
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Table 3. Construction industry application categories (Adapted from Cheung et al., 2018; 

Mahmud et al., 2018; Tang et al., 2019; Kochovski & Stankovski, 2018) 

 
 

Many of the proposed categories by Cheung et al. (2018), Mahmud et al. (2018), Tang et al. 

(2019) and Kochovski and Stankovski (2018) are overlapping and contain similar information 

about the applications or application fields. For the sake of simplicity, the categories are merged 

in order to provide a clear presentation of the applications and application fields. The categories 

adapted from Table 3 are as follows:  
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Smart communication and collaboration: Efficient communication, collaboration and 

signalization solutions are crucial for the success of construction projects. Lack of 

communication can cause accidents and delays as well as lead to unexpected problems in the 

construction process. BIM models can be compared with real-time construction data collected 

from IoT tags, sensors and mobile devices in order to enable real-time communication and 

collaboration among various parties. Video communication is a common communication 

method which can be utilized together with various process-intensive features such as real-time 

video processing to identify safety and security risks, and AR environments as well as prevent 

delays and mistakes on construction sites. Video communication is an effective method to 

reduce time and costs as well as to enable site-to-site, site-to-office and site-to-project teams’ 

communication. For on-site communication purposes, smart pens can be used to scan any 

printed text which is then transmitted to a device, such as a computer, a tablet or a smartphone 

via Bluetooth connection. Smart pens are also capable of translating languages and 

transforming text into sound. (Cheung et al., 2018; Mahmud et al., 2018; Tang et al., 2019; 

Kochovski & Stankovski, 2018) 

 

Remote operation: Construction operations are exposed to complex environments, hence 

effective monitoring is crucial. The IoT allows for the use of remote monitoring devices and 

unmanned aerial vehicles (UAV), such as drones. Drones have the ability to capture large 

amounts of data from various sensors, cameras, laser scanners and RFID readers. Drones can 

be used for the assembly of masonry or the manufacturing of aerial additive buildings as well 

as for making quality assessments. They are able to receive instructions remotely and thus also 

able to monitor areas alone. Drones are used to monitor for example employee health and safety, 

and construction project progress. UAVs are also used to increase workplace safety and thus 

prevent employee risk realization as hazardous environments and materials can be monitored 

and tracked without human exposure, which enhances employee safety in monitoring tasks. 

(Cheung et al., 2018; Mahmud et al., 2018; Tang et al., 2019; Kochovski & Stankovski, 2018) 

 

Supply replenishment and management: Construction operations require proper supply of 

materials to ensure smooth progress of construction projects. Delayed supply of materials is a 

common problem at construction sites, resulting from a lack of materials and delays in the 

delivery process. RFID tags can be attached to supply units to provide a receiving IoT system 
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at the construction site with information about quantity levels. When the quantity falls below a 

certain level, the system at the site receives the information and can automatically place 

additional orders for materials. Furthermore, the RFID tags placed on the supply units also 

allow for easy access to other information such as temperature, damages, expiration and 

decreasing stocks. Linking WSN and RFID to an information management framework can 

provide information about the logistics to project stakeholders for decision-making purposes. 

As a result of a pilot test of such management system, time wise the efficiency increased by 32 

per cent compared to traditional supply chain management. (Cheung et al., 2018; Mahmud et 

al., 2018; Tang et al., 2019; Kochovski & Stankovski, 2018) 

 

Machinery and equipment maintenance: Predictive maintenance and overall maintenance of 

construction equipment and machinery are important factors to take into account in order to 

avoid unexpected additional costs due to malfunctions or damages. IoT technology enable the 

equipment and machinery to send out information for required maintenance or repair work. The 

equipment and machinery can be remotely monitored to detect for example temperature 

fluctuations and excessive vibrations, that might affect in the need for maintenance. In addition, 

the solutions are able to measure the overall time of machinery and equipment use at 

construction sites. The machinery and equipment are also able to partly or fully automatically 

signal alerts when they are in need of maintenance or repair. (Cheung et al., 2018; Mahmud et 

al., 2018; Tang et al., 2019; Kochovski & Stankovski, 2018) 

 

Power, fuel and energy savings: In construction operations, unmanaged power and fuel 

consumption will result in unnecessary waste which negatively impacts the overall costs of 

construction projects. IoT technology can send real-time information about the amount of 

energy used on site. In addition, lighting conditions can be automatically adjusted to save 

energy after office hours. Machines and machinery can also be controlled in order to turn them 

automatically off if not used in order to achieve savings. General Packet Radio Service (GPRS) 

sensors attached to transportation vehicles can also provide drivers with information about the 

fastest and most efficient routes for fuel saving purposes. (Cheung et al., 2018; Mahmud et al., 

2018; Tang et al., 2019; Kochovski & Stankovski, 2018) 
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Security and safety control: The IoT can provide safety and security solutions for construction 

operations. At construction sites, collisions between building equipment as well as plant and 

pedestrians can be monitored in order to warn about and prevent possible accidents. These 

systems utilize RFID tags as well as warning and monitoring devices. There is also a possibility 

for material theft if the materials are not monitored properly. IoT and RFID tags can be used to 

notify responsible persons of the current location of materials and items. IoT will also enable 

the use of smart locks which operate through WiFi. When installed to the main gate of a 

construction site, access control can be managed from anywhere with any device, for example 

a smartphone. Smart lock systems are also able to recognize images of guests and trigger alarms 

when threats are detected. (Cheung et al., 2018; Mahmud et al., 2018; Tang et al., 2019; 

Kochovski & Stankovski, 2018) 

 

Managing workers: Construction companies must ensure that their employees and contractors 

work properly and securely under workplace compliance conditions, laws and rules, and at the 

best efficiency rate. The IoT allows for attaching sensors to the employee badges in order for 

project managers to monitor the existence of their employees’ skills, qualifications for the work 

as well as time spent completing particular tasks. This information can further be used in task 

allocation, payment systems, human resource management, financing and planning among 

others. (Cheung et al., 2018; Mahmud et al., 2018; Tang et al., 2019; Kochovski & Stankovski, 

2018) 

 

Worker health: Construction workers can be exposed to health and safety risks due to physical 

work and handling machinery and equipment for long times. IoT enables the tracking of human 

activities associated with health and safety risks in the form of risk identification and 

visualization. An IoT technology-based smart watch has been utilized on employees to record 

and collect vital bodily functions such as pulse rates, blood pressure and temperature. In 

addition, the variation in height differences and location information based on Global 

Positioning System (GPS) can be tracked. (Cheung et al., 2018; Mahmud et al., 2018; Tang et 

al., 2019; Kochovski & Stankovski, 2018) 

 

Environmental and building structure monitoring: Construction stakeholders are interested 

in environmental and building conditions during a construction project. Information about for 
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example the changes in humidity and temperature may affect environmental and structural 

conditions. IoT solutions enable environmental and building monitoring in construction and 

detecting for example vibrations, cracks and conditions of building materials and structures 

based on pre-defined sensor information. In addition, the IoT systems are able to detect signs 

of fire, flooding and air quality, and to communicate the information about possible threats to 

further operations. (Cheung et al., 2018; Mahmud et al., 2018; Tang et al., 2019; Kochovski & 

Stankovski, 2018) 

 

Lean construction: IoT and BIM can be used to evaluate progress, restrictions and productivity 

with reliable information flow. The use of IoT devices such as auto-ID systems, sensors, and 

actuators enable real-time information exchange. Coupled with BIM models, communication 

between systems, humans and devices across the supply chain and the construction project can 

be automated, expediting the development of lean construction practices. (Cheung et al., 2018; 

Mahmud et al., 2018; Tang et al., 2019; Kochovski & Stankovski, 2018) 

 

Waste management: At construction sites, IoT enables the implementation of a smart waste 

management system with IR sensors, microcontrollers and WiFi modules. The system is able 

to notify responsible persons when trash cans reach their maximum levels and must be emptied. 

If the trash cans are not emptied within a certain timeframe, the record can be sent to the 

authorities responsible for appropriate actions against the violation. (Cheung et al., 2018; 

Mahmud et al., 2018; Tang et al., 2019; Kochovski & Stankovski, 2018) 

 

Augmented and virtual reality: The utilization of AR and virtual reality (VR) technologies 

coupled with IoT and BIM are increasingly growing among the construction industry. AR 

applications can be used for example to allow employees to receive instructions about what to 

do and information about current productivity as well as to signal alerts about dangers in 

workplace. VR technology can be used to visualize construction sites in real-time. Various 

applications utilizing the combination of VR, AR and sensors can support effective information 

flow and display. They are beneficial in automatic schedule updates, safety inspection, smart 

building design, facility management and construction lifecycle management as well as in smart 

learning environments for educational purposes. (Cheung et al., 2018; Mahmud et al., 2018; 

Tang et al., 2019; Kochovski & Stankovski, 2018) 
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Prefabrication in construction: Advanced sensor technologies and BIM enable automation in 

prefabrication. Prefabrication in construction refers to the act of collecting segments of a 

structure in manufacturing process or at the assembling site and then transporting them to the 

development site where the structure is to be constructed in order to save time and money 

(Baghchesaraei et al., 2015). Integrated IoT and BIM are effective tools for prefabricated 

component manufacturing, logistics, tracking, visualization with BIM models and automatic 

assembly with numerous existing applications. (Cheung et al., 2018; Mahmud et al., 2018; Tang 

et al., 2019; Kochovski & Stankovski, 2018) 

 

Disaster and emergency response: BIM and IoT can be effective tools in disaster and 

emergency response. BIM and IoT have been utilized in detecting the indoor location of trapped 

victims by displaying their location and calculating the fastest evacuation path. This is done 

with real-time building information models and location data from the victims or sensors. Such 

tools are also used for creating mobile instructions or guidance for evacuation as well as for 

triggering large-scale emergency responses. (Cheung et al., 2018; Mahmud et al., 2018; Tang 

et al., 2019; Kochovski & Stankovski, 2018) 

 

3.3 IoT adoption 

 

The construction industry is a relatively conservative industry, hence the change from low-tech 

labor-intensive approaches to high-tech capital-intensive approaches is challenging (Woodhead 

et al., 2018). The entire value chain of the construction industry is highly affected by tight 

cooperation with customers, subcontractors and other stakeholders, which results in 

construction projects being site-based and complex where individual undertakings require a 

high level of special skill and know-how (Oesterreich et al., 2016). 

 

According to Brous et al. (2019), organizations choose to adopt IoT expecting the benefits that 

IoT can deliver, but the benefits may lead to structural changes which are commonly 

unexpected. Therefore, organizations often underestimate the impacts associated with IoT 

adoption and fail to fully understand the organizational conditions and consequences associated 

with the successful adoption of IoT. In addition, the expected benefits often introduce 
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unexpected risks which require mitigation. The mitigation of risks may lead to institutional 

consequences, requirements or benefits. The benefits are only achieved when the institutional 

conditions of IoT adoption have been met and after the institutional consequences of IoT 

adoption have been accepted. (Brous et al., 2019) 

 

Even though the adoption of IoT may bring organizations a variety of benefits, construction 

companies still struggle to adopt them (Craveiro et al., 2019). The construction industry has the 

lowest expected adoption rates in terms of IoT due to limited technological sophistication and 

the highly fragmented nature of the industry (McKinsey Global Institute, 2015). Additionally, 

main contractors and subcontractors are dividing the work, and every construction site is 

different, hence the adoption of IoT is complicated in terms of standardization. Smaller sites 

consisting of fewer employees will also have less need for complex IoT solutions because their 

construction operations can efficiently be managed by the foreman of the site. Therefore, the 

advantages of IoT in large-scale construction projects are of much higher interest. (Urie, 2019) 

 

While it is estimated that the level of adoption of IoT will grow due to competition and pressures 

on organizations to transform, the low level of IoT adoption may partially be explained by the 

fact that IoT is different compared to other technologies. IoT requires the adoption of a selection 

of hardware and software networking technologies among other which are often supplied by 

multiple providers. As a result, the field of IoT is filled with a variety of technologies, protocols 

and devices, all of which have different requirements, characteristics and conditions and 

involve various stakeholders. Furthermore, there is a lack of existing studies about the IoT-

related social, economic, behavioral and managerial issues which affect an organization’s 

ability to make decisions about the adoption of IoT. (Carcary et al., 2018) 

 

The impact of IoT adoption on companies is primarily related to the data generated by the IoT. 

The data collected by the IoT has three main aspects: big, open and linked. The large amounts 

of data generated by the IoT are of better quality than traditionally acquired data. The IoT data 

is higher in granularity and accuracy, greater in heterogeneity and more current as the data is 

either real-time or near real-time. The IoT data is often linked to the term “big data” due to 

having high volume, variety and velocity. In terms of big data, organizations may achieve 
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purposeful benefits such as enabling smart governance, aiding cooperation between parties and 

providing the potential of obtaining a variety of valuable insights. (Brous et al., 2019) 

 

The greater heterogeneity, achieved by the adoption of IoT, means that many different types of 

sensors from multiple sources can be used to enable public safety and compliance to regulations 

and potentially to provide control mechanisms that are more effective than traditional methods. 

The timely information from the networked “things” improves the decision-making of 

organizations and allows for improved analysis of tracking and situational awareness. The 

adoption of IoT should be carried out through identifying tangible cases with which to 

experiment and demonstrate value, and then building proof of concepts that are more 

manageable for companies to undertake and learn from. This alleviates the pressure of initially 

launching full-scale IoT operations and infrastructure and builds confidence in terms of IoT 

adoption. (O’Brien, 2017) 

 

Construction companies are currently using more data for decision making in design phases 

with improved organizational learning, active involvement of customers and artificial 

intelligence. The construction phase has also gone through a large transformation in which 

traditional on-site construction has been evolving towards off-site prefabricated and 

preassembled components. Smart construction is all about simplifying processes with the use 

of for example big data, digital collaboration and remote monitoring. The need for increased 

data gathering and processing has put IoT to the front in driving smart construction to the next 

level. (Gbadamosi et al., 2019) 

 

3.4 Drivers for IoT adoption 

 

The main drivers for IoT adoption in the construction industry are described in Figure 8 below, 

following Oesterreich et al. (2016). The findings from Oesterreich et al. (2016) are 

complemented and supported by the findings of Leonard (2016) in his comprehensive study in 

which several IT professionals from various organizations, including construction companies, 

of 200-1000 employees were examined. Both authors have similar findings in terms of drivers 

associated with the adoption of IoT in the construction industry. 
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Figure 8. Drivers for IoT adoption (Oesterreich et al., 2016; Leonard, 2016) 

Cost savings: Construction companies may achieve cost savings by automating labor-intensive 

processes in construction with for example robotics or automated workflows. This leads to the 

significant reduction of labor costs. In addition, automated tracking of equipment and material 

may reduce material costs in construction operations. (Oesterreich et al., 2016; Leonard, 2016) 

 

Time savings: In general, the adoption of IoT significantly reduces the completion times of 

construction projects in comparison to conventional construction methods. Especially 

prefabrication in construction and additive manufacturing save time in construction projects. 

(Oesterreich et al., 2016; Leonard, 2016) 

 

On-time and on-budget delivery: Traditionally the delivery of construction projects on time 

as well as on budget has been undoubtedly challenging for construction companies. The 

adoption of IoT reduces project delivery times and also keeps projects under predetermined 

budgets. (Oesterreich et al., 2016; Leonard, 2016) 
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Quality improvements: The adoption of IoT technologies has been proven to increase the 

quality of the building due to the fact that errors can be avoided especially in the early stages 

of the building phase. Decision-making will also be improved as managers can make more 

effective and well-informed decisions based on historical data. (Oesterreich et al., 2016; 

Leonard, 2016) 

 

Collaboration and communication improvements: With regard to the numerous participants 

involved in construction projects, IoT solutions can efficiently improve communication and 

collaboration both inside and across company borders. (Oesterreich et al., 2016; Leonard, 2016) 

 

Customer relationship improvements: The adoption of IoT enables construction companies 

to be able to provide project owners with greater insights into the details and design of buildings 

before they are built. In addition, customers can be involved already in the planning phase for 

better customization of the building. (Oesterreich et al., 2016; Leonard, 2016) 

 

Safety enhancement: The construction environment may sometimes be a hazardous 

environment to work in, hence the statistics show that the sector is among the industries with 

highest number of work injuries and accidents. The adoption of IoT helps in improving the 

safety of construction sites and workers. (Oesterreich et al., 2016; Leonard, 2016) 

 

Improvement of the image of the industry: Construction companies adopting IoT solutions 

will have an impact on the image of the industry in the form of attracting talented recruits to 

their workforce and improving traditionally poor employer image of the industry. In addition, 

the adoption of IoT technologies contributes to the digital transformation of the industry. 

(Oesterreich et al., 2016; Leonard, 2016) 

 

Sustainability improvements: The construction industry is characterized by its high carbon 

dioxide emissions due to high energy consumption and high levels of waste during construction 

projects. The adoption of IoT helps to, for example, minimize the amount of construction waste 

and reduce project emissions through strategic project management. (Oesterreich et al., 2016; 

Leonard, 2016) 
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3.5 Barriers for IoT adoption 

 

In their extensive study, Oesterreich et al. (2016) found some barriers for IoT adoption in the 

construction industry, which are described in Figure 9 below. In Figure 9, the results of 

Oesterreich et al. (2016) are complemented with results from a study conducted by Leonard 

(2016). The findings of Urie (2019) and Louis and Dunston (2018) were also utilized in 

determining barriers for IoT adoption.  

 

 

 

Figure 9. Barriers for IoT Adoption (Oesterreich et al., 2016; Leonard, 2016) 
Hesitation to adopt: Construction companies are hesitating to adopt IoT solutions because 

their costs may be high and benefits unclear. Construction companies would need more 

motivation for the adoption, which could for example come from new incentives or government 

mandates, or through funding programs targeted at the industry and IoT research. Construction 

companies considering IoT adoption must evaluate the expected completion time of the 

construction projects against the adoption of IoT. Shorter construction projects require more 
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immediate productivity gains in comparison to longer projects which are able to justify smaller 

productivity gains. The smaller productivity gains of larger construction projects can mean 

increased time and cost savings, hence IoT can be more beneficial in this case. (Oesterreich et 

al., 2016; Urie, 2019; Leonard, 2016) 

 

High implementation costs: The high costs of technical equipment, training and education as 

well as external consultancy are considered as a barrier associated with IoT adoption. In 

addition, unclear benefits and unpredictable savings as well as the lack of consistent fiscal 

benchmarking for evaluating the business improvements and gains are of high concern among 

construction companies. The development of tools and methods for optimizing and estimating 

costs and benefits, as well as arranging industry associations to work together may help to 

reduce costs and increase transparency. The degree or level to which a building is classified as 

smart during and after construction, affects the cost of IoT adoption. A building with limited 

IoT solutions is obviously cheaper compared to a fully smart building with a full range of 

functionality. Even though IoT sensors are not expensive, their coordinated implementation 

requires software specialists and applications which adds to the costs. (Oesterreich et al., 2016; 

Urie, 2019; Leonard, 2016) 

 

Organizational and process changes: The adoption of IoT will touch every level of an 

organization and requires re-engineering and re-evaluating business practices. In terms of 

construction companies, the major barriers to overcome are the handling of the process and the 

organizational changes, and the re-designing or changing of current business models. The 

enormous amount of data collected from numerous interconnected devices may lead to a 

difficult situation in terms of the management of the data in construction operations. 

Applications built upon the IoT infrastructure may in fact reduce decision-making capabilities 

if the management and processing of the data is not providing the sought-after insight. 

(Oesterreich et al., 2016; Louis & Dunston 2018; Leonard, 2016) 

 

Need for enhanced skills: The adoption of IoT requires skills and knowledge to some extent. 

Construction workers commonly have low technical competencies, which leads to the need for 

better integration skills, and extended staff training and development. The next step is to 

develop new competencies, to optimize the project organization and to attract new talents to 
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reinforce the workforce, such as staff with shared technical knowledge and integration 

experience. In addition, construction companies should encourage their employees to express 

their ideas and to collaborate in order to spark new innovations. This would result in creating 

new opportunities for multidisciplinary groups for collaboration, and in increased performance. 

(Oesterreich et al., 2016; Leonard, 2016) 

 

Knowledge management: The nature of the construction industry and fragmented 

characteristics of the construction value chain are the reasons for the lack of categorized and 

shared project knowledge as well as limited standards for knowledge management. The barrier 

for construction organizations in terms of IoT adoption is to create and establish standards for 

knowledge management, which can be achieved by capturing and reusing project knowledge 

as well as by utilizing automated data collection methods from past projects. (Oesterreich et al., 

2016; Leonard, 2016) 

 

Acceptance: In general, the construction industry is linked to strong conservatism and 

resistance towards changes and new technologies. In terms of IoT adoption, a major barrier 

regarding construction employees originates from job loss as the employees might be 

substituted by machines, robotics or computers. Therefore, efficient communication and change 

management is expected from construction companies, as acceptance is a critical success factor 

in terms of of IoT adoption. To overcome this barrier, construction companies can utilize 

“opinion leaders” during the implementation process to encourage their feeling of ownership 

and alleviate the pressure for improvements in performance. (Oesterreich et al., 2016; Leonard, 

2016) 

 

Lack of standards and reference architectures: In terms of IoT adoption, the lack of 

standards regarding many related technologies is considered as a barrier. Technologies such as 

RFID, BIM as well as industry specific reference architecture currently lack complete 

international standards. The reference architecture should be developed with a special focus as 

the construction industry has its particular characteristics of environments and structure, which 

include site-based projects and a high number of small and medium sized companies. 

(Oesterreich et al., 2016; Leonard, 2016) 
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Higher requirements for computing environment: Due to the fact that construction projects 

are affected by unpredictable external factors, such as weather, traffic and surroundings, more 

demanding requirements in terms of IoT adoption must be taken into account. The technology 

needs to for example be able to work outdoors and regardless of dust and moisture. In addition, 

devices should be designed to be shockproof as well as to withstand strong vibrations and 

humidity. (Oesterreich et al., 2016; Leonard, 2016) 

 

Data security and protection: The enormous amounts of data collected by the IoT devices, 

the increasing demand for mobility, collaboration and sharing of information via end-devices 

leads to an increased need for and new designs of data security and protection. Construction 

companies should in every way possible protect their data against unauthorized access and all 

kinds of information misuse before adopting IoT. This can be done for example with centralized 

cloud-based user identity, device management, access management and other data protection 

tools. Smart functionalities in buildings also raise data privacy concerns. Smart buildings enable 

visitor-arrival notification functionalities which pick up the mobile phone signal of guests when 

they enter the building and notify the host about their arrival. People may resist their movements 

being tracked, and therefore IoT should be used to monitor spaces instead of individual people. 

(Oesterreich et al., 2016; Urie, 2019; Leonard, 2016) 

 

Enhancement of existing communication networks: In terms of IoT adoption, the use of ICT 

demands a high-speed and reliable Internet connection and access at construction sites. Thus, 

slow and unreliable broadband connectivity or the impossibility to access high-bandwidth 

connectivity is among the most important barriers to overcome. Therefore, IoT adoption might 

require enhancing existing communication networks. (Oesterreich et al., 2016; Leonard, 2016) 

 

Regulatory compliance: The adoption of IoT, such as a simple RFID solution, in safety and 

workforce management demands automated capturing and recording of individual and personal 

information. Therefore, ethical and legal barriers exist in terms of monitoring and tracking 

employees and their personal information. Before adopting IoT, the restrictions concerning data 

privacy and protection must be thoroughly examined by involving legal experts already in the 

earliest stages in the adoption process. (Oesterreich et al., 2016; Leonard, 2016) 
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Legal and contractual uncertainty: Another potential barrier originates from the legal and 

contractual uncertainty of using technology, such as BIM. In this case, the questions of the legal 

ownership of BIM and the legal responsibility for problems and errors associated with BIM 

must be examined and answered. Legal frameworks for data privacy and data collection are 

some of the most troublesome issues before IoT can tangibly be adopted. (Oesterreich et al., 

2016; Leonard, 2016) 

 

Post construction issues: While IoT adoption may help to evaluate for example the preferred 

levels of materials in construction, it is not always able to replace the benefits in comparison to 

physical observation. After the completion of a construction project, the implemented 

technologies can negatively affect the occupants by reducing their control over the environment 

and resulting in frustration in terms of user experience. The volume and detail of data collected 

by the IoT entails the risks of managing and processing the data incorrectly, which can result 

in inefficiencies. (Oesterreich et al., 2016; Urie, 2019) 
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4 RESEARCH PROCESS 
 

In this chapter, the primary research methods, the qualitative semi-structured interviews and 

related multiple-case study, are presented. In addition, the chapter explains why the chosen 

methodology is fitting for the empirical part of the study and how the interviews have been 

designed for this particular study. The chapter also aims to link the literature review to the 

qualitative research to complement each other in order to achieve the best possible outcome. 

 

4.1 Research approach and methodology 

 

The chosen research approach for this thesis is a qualitative multiple-case study which utilizes 

semi-structured interviews as the primary data collection method. Qualitative case studies are 

defined as empirical research that primarily uses contextually rich data from pre-defined real-

world settings in order to investigate a specific phenomenon (Barratt et al., 2011). Furthermore, 

the methodology of qualitative case studies offers researchers tools to examine complex 

phenomena within their contexts (Baxter & Jack, 2008). The use of qualitative case studies 

intends to build and extend theories as well as to explore and gain a better understanding of 

emerging or contemporary phenomena or issues in real-world contexts (Baxter & Jack, 2008). 

 

Multiple-case study refers to a study that examines more than one case where the context is 

different from case to case. In this thesis, in each case a company is described with the help of 

an interview with a company representative. Multiple-case study enables the researcher to 

explore differences within and between the cases, and the objective is to determine whether the 

findings across the cases are similar in each case. Multiple case study is used to either predict 

similar reasons in the form of literal replication or predicting contrasting results on the basis for 

predictable reasons in the form of theoretical replication. (Saunders, 2016, p. 187; Baxter & 

Jack, 2008) 

 

4.2 Data collection 
 

The data collection methods in qualitative research can be categorized into structured and 

unstructured interviews, observation and the use of archived materials (Barratt et al., 2011). 
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Qualitative data collection is characterized as non-standardized due to the fact that questions 

and procedures can be modified during the research process (Saunders, 2016, p. 168). The 

nature of this study favors semi-structured interviews because a more convenient way of 

interviewing is needed with such a broad topic. In a semi-structured interview the researcher 

has a list of themes and key questions to be covered, but the use of them can vary between 

individual interviews (Saunders, 2016, p. 391; Eriksson & Kovalainen, 2008, p. 6-7). 

Furthermore, the researcher has the possibility to change the order and wording of the questions 

whenever necessary (Saunders, 2016, p. 391; Eriksson & Kovalainen, 2008, p. 6-7). The major 

benefit of semi-structured interviews is that the material gathered from the interviews is 

systematic and comprehensive, but the tone of the interviews is relatively conversational and 

informal (Eriksson & Kovalainen, 2008, p. 6-7). 

 

4.3 Interview design 

 

The semi-structured interviews were targeted at construction company representatives in 

Finland and Sweden with extensive knowledge about their company’s IoT operations. In total, 

nine interviews were held, of which six provided information about the Finnish construction 

industry and three about the Swedish construction industry. The requirements for selecting the 

case companies were, firstly, that they should operate in the construction industry and, 

secondly, that either their annual turnover should be over 10 million euros or they should 

employ more than 50 people. These requirements were set for this study to limit the variation 

caused by differences in company size in the results.  

 

The companies chosen for the interviews in Finland and Sweden were partially selected 

together with Fidera Ltd as it had an extensive network of connections to a variety of 

construction companies. In addition, some of the companies were selected through the author’s 

own network. Some of the Swedish companies also operate in Finland, which made for an 

interesting basis for examining how such companies vary in the two countries.  

 

The selected case companies were Congrid, YIT, Lujatalo, Skanska, Fira, Lehto, and NCC. All 

of the companies are construction companies except for Congrid which is an IT company. 

However, the representative of Congrid had extensive knowledge about the IoT and worked 
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closely with the Finnish and Swedish construction industries, so the interview was included in 

the thesis and treated as an expert interview. The goal for conducting an expert interview was 

to gain insights from a slightly different perspective in order to complement the findings of the 

construction company interviews. The company representatives from NCC and Congrid 

provided answers from the perspectives of both Finland and Sweden although they were 

interviewed only once.  

 

After selecting the companies, the interviewees were contacted either with a cover letter by e-

mail or by telephone. The content in approaching the case companies was identical regardless 

of the contact method and it was conveyed either in English or Finnish depending on the 

representative. The aim of the cover letter was to establish the first connection with the 

representative with the main goal of explaining why this thesis and the interviews were 

meaningful. Moreover, the cover letter included the estimated length of the interview and 

described why the representative had been contacted. The cover letter can be found both in 

English and Finnish in Appendices A1 and A2. The interviews were scheduled and held 

between August and October 2019. The interviewees’ positions and their companies as well as 

the schedule are presented in Table 4 below. 
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Table 4. Interviewed companies, representative roles and interview schedule 

Company Position Interview date 

Congrid Oy (about the 
Finnish and Swedish 

construction industries) 
CEO 8.8.2019 

YIT Oyj Head of Data and Analytics 16.8.2019 

Lujatalo Oy Area Manager 27.8.2019 

Skanska Finland 
Development Manager, 

Digital Services (StartUp 
and B-to-B Cooperation) 

2.9.2019 

Skanska Finland 

Development Manager, 
BIM and Digital Services 

(Commercial Project 
Development) 

2.9.2019 

Skanska Sweden Manager, Digital Hub 13.9.2019 

Fira Oy Head of IT 20.9.2019 

Lehto Oy Purchasing Manager 23.9.2019 

NCC Finland & Sweden Specialist, Information and 
Analytics 28.10.2019 

 

In order to comprehensively carry out the interviews, a pre-defined set of questions was 

prepared in the form of an interview guide. The pre-defined set contained 15 main interview 

questions which were based on the research questions of this thesis and on the findings of the 

literature review. The interview questions were also designed according to the design principles 

of qualitative research which emphasize the use of the words “what” and “how” in the actual 

interview questions (Eriksson & Kovalainen, 2008, p. 6). The pre-defined interview guide can 

be found both in English and Finnish in Appendices A3 and A4. 

 

Most of the interviews were conducted face-to-face either at Fidera Ltd’s office in Helsinki or 

at the interviewee’s company facilities. A minority of the interviews were conducted as remote 

interviews because face-to-face interviews were impossible to arrange due to long distances. 

All of the interviews took between 30 to 60 minutes as was expected prior to carrying out the 



   
 

54 

interviews. Each interview was carried out following a pre-designed interview guide, see 

Appendices A3 and A4. The interview guide served as an excellent tool in ensuring proper 

structure and logic during the interviews. The word order and the order of questions were 

modified in some interviews depending on the interviewee’s answers and the order in which 

the main topics were discussed. Each interview was recorded with an audio recording device in 

order to save the imperative data for analyzing purposes. 
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5 RESULTS & ANALYSIS 
 

This section goes through the results of the interviews which form the empirical part of this 

study. The results of the interviews are collectively divided according to the research questions. 

The chapter is divided into the overall interview results, IoT utilization as well as to the drivers 

and barriers of IoT adoption. In addition, other considerable aspects around the research 

questions are covered in the results. Lastly, the key findings regarding the similarities and 

differences in Finland and Sweden will be presented. 

 

The principal themes in the interviews were the utilization and adoption of IoT in Finnish and 

Swedish construction companies. The first main purpose was to find out which existing IoT-

solutions are currently being utilized in construction companies and to what extent. The second 

main purpose was to find the main drivers and barriers for IoT adoption. The third main theme 

was to compare IoT utilization and adoption in Finnish and Swedish construction companies. 

Each company representative gave broad answers to the interview questions from different 

points of view, which formed the basis for comparing the results with the findings from the 

literature review. In order to logically handle the results, this section has been constructed 

according to the interview guide presented in Appendices A3 and A4.  

 

5.1 Background information of interviewees and case companies 

 

Every interviewee had worked with IoT related tasks, projects or positions in the construction 

industry for at least two years. Some of the interviewees had worked with IoT for up to ten 

years. The interviewees’ experience in their current positions varied from six months to 15 

years. Every interviewee could well define the concept of IoT in their own words as well as 

explain how IoT was applied in their company. However, the viewpoint and the scope of the 

IoT varied between companies as every interviewee, except from those from Skanska Finland, 

was working in different IoT-related positions. Even though they answered the questions from 

slightly different angles, the answers of the interviewees still shared similar characteristics in 

terms of IoT and the construction industry. 
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Every case company is operating at least in building construction, and the largest companies 

are also involved in infrastructure construction and specialized construction activities. 

Specialized construction activities include for example the manufacturing of building and 

infrastructure materials and participating in the supply chain by manufacturing concrete, asphalt 

gravel as well as individual building elements and prefabricated modules. Approximately half 

of the case companies are also involved in international business and cooperate with Sweden 

either by having individual employees work at the Swedish branches or by having subsidiaries 

in Sweden and vice versa. 

 

The majority of the companies are publicly listed on Nasdaq Helsinki or Nasdaq Stockholm 

and are owned either by individuals or public parties. Only two of the companies are family 

businesses, although they are still major players in the construction business. Most of the 

companies have also subsidiaries in the construction business. At the time of the study, every 

company had IoT either directly as part of their strategy or indirectly as part of a larger digital 

transformation strategy.  

 

5.2 IoT utilization in the Finnish and Swedish construction industry 

 

The interviewees revealed that every company utilizes IoT solutions to some extent. However, 

the level to which IoT is utilized varies widely and it can clearly be seen that the larger the 

company, the more IoT solutions are currently utilized. The majority of the companies utilized 

IoT in nearly every phase of a construction project but the main emphasis for the utilization 

was in the construction phase and after project completion. The larger companies utilized BIM 

and IoT already in the pre-phase of projects, especially in the planning and design. The during 

phase was the largest field in which various solutions were utilized. The post-phase IoT 

solutions concentrated on smart environments with simple environmental monitoring solutions. 

 

IoT utilization was considered a difficult field, as nearly every company had both positive and 

negative experiences of it. The majority of the representatives pointed out that single IoT 

solutions suffered from discontinuity, as nearly every construction site or project is different. 

In addition, the equipment related to single solutions was in most cases dumped after the pilot 

or official construction project without further utilization, but some companies had the 
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capability of completely or partially using the same equipment also after project completion in 

order to create smart environments. On the other hand, the failures of single IoT solutions 

resulted in “lessons learned” as they revealed how the solutions could be developed further into 

being parts of larger IoT ecosystems. Some company representatives described the utilization 

of IoT as part of a larger “digital toolbox” in which individual solutions are utilized together if 

they can be linked and have been proven to work. 

 

While comparing the interview results about IoT utilization with the IoT application fields 

found in existing literature, the categories mentioned by the interviewees were very similar. 

According to the interviewees, the main application fields associated with IoT utilization from 

the most utilized to the least utilized are as follows: 

1. Environment and building monitoring 

2. Machinery and equipment maintenance  

3. Security and safety control 

4. Remote operation 

5. Managing workers 

6. Supply replenishment and management 

7. Smart communication and collaboration 

8. Augmented and virtual reality (Complex IoT solutions utilized only by the larger 

companies, e.g. drones, VR, AR, automated process solutions and robotics.) 

9. Prefabrication in construction 

10. Power, fuel and energy savings 

11. Waste management 

12. Lean construction 

The main IoT application fields from the literature review were in-line with the application 

fields of the interviewed companies. However, application fields such as worker health and 

disaster and emergency response were not completely mentioned in the interviews. Each of the 

two fields were indirectly mentioned by two case company representatives who revealed that 

IoT solutions in those categories were currently trialed in pilot projects or not considered at all 

due to their minimal value in comparison to better solutions.  
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In Appendix A5, the solutions revealed by the case companies have been combined with 

associated application fields. The solutions were also mainly convergent with the solutions 

found in the literature from associated application fields. However, the solutions utilized by the 

case companies cannot be generalized to cover every case company because the level to which 

the companies were utilizing the solutions varied greatly. Therefore, the individual solutions 

have been chosen to partly answer the first research question that has to do with the IoT 

solutions construction companies utilize. 

 

Surprisingly, other modern IoT applications were also mentioned during the interviews 

especially by interviewees from the largest case companies. Related to the IoT, for example 

robotics and new automation solutions are continuously being evaluated and examined with the 

aim of improving overall efficiency in construction projects. These solutions include for 

example automated painting, cleaning, digging and drilling solutions that enable operations 

without human intervention or supervision. In addition, solutions that are capable of 

automatically calculating mass, density, capacity and length by utilizing cameras and lasers 

were also mentioned to improve efficiency especially in infrastructure construction. The 

integration of IoT and artificial intelligence was also mentioned as an area of interest to some 

of the case companies. Lastly, a few case companies also highlighted the use of a digital twin, 

in which the data gathered with IoT solutions was said to have several important roles in the 

future.  

 

5.3 IoT adoption in the Finnish and Swedish construction industry 
 

In general, the adoption of IoT shared similar characteristics, although the answers varied 

between the interviewed companies. In terms of the IoT adoption process, approximately half 

of the interviewed companies had a clear process for how to adopt IoT and manage the changes 

resulting from the adoption. The other half neither had a clear process nor any process at all for 

adopting IoT.  

 

In terms of decision-making, the adoption of IoT was considered difficult from the perspective 

of organizational conditions and consequences. The current conditions did favor IoT adoption 

especially in the larger companies because they had been using different digitalization-related 
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solutions for some time already. The smaller companies were more concerned about their 

employees being pressurized towards changes, and therefore the conditions for IoT adoption 

were not considered favorable. The potential consequences that might result from IoT adoption 

were not completely considered in advance, as the majority of the companies felt that the risks 

were worth taking and that eventually the organization should still change due to external 

factors related to the general transformation of the industry. 

 

An important factor pointed out by the majority of the case company representatives was data, 

and especially big data, collected from different “things”. Managing with data and enabling 

processes and work tasks to be as automatized as possible were considered large steps forward 

in digitalizing construction operations. However, many of the interviewed company 

representatives brought up that they did not have a clear picture of what to do with all the 

collected data, although they knew that the use of data was beneficial for their companies. 

Furthermore, knowledge about the IoT technology related to data collection was also uncertain 

for some companies. The larger companies had quite a clear picture of where to collect and 

what to do with it, but they lacked efficient processes in handling the data properly. 

Surprisingly, only one mid-sized company had clear processes for the “things” and collected 

data, and the company considered itself relatively flexible in comparison to its rivals.  

 

The majority of the case company representatives also mentioned that keeping up with tight 

competition as well as answering to the needs coming from demanding customers played a 

significant role in the decisions related to IoT adoption. Moreover, nearly every case company 

representative stated that there are various areas that need to be improved continuously in their 

construction operations and processes, which could potentially be improved by adopting IoT 

solutions. The majority of the interviewees also thought that IoT could help in improving the 

communication between both internal and external stakeholders. In addition, quality assurance 

and following a pre-determined budget and schedule could be improved by adopting IoT. Some 

of the interviewees also pointed out that solutions associated with work safety and overall 

security were important aspects to consider when adopting new IoT solutions. All of the 

aforementioned factors will be examined from the perspectives of drivers and barriers in the 

following subchapters. 
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5.4 Drivers for IoT adoption in Finland and Sweden 

 

Every interviewee could clearly distinguish drivers for IoT adoption in their company. There 

were many different reasons why companies had adopted or would adopt IoT, although the 

drivers varied especially in terms of the size and operations of the company. In contrast to the 

existing literature, none of the case company representatives mentioned why IoT should not be 

adopted. In general, the adoption of IoT was considered to offer potential benefits for the 

majority of the interviewed companies. 8 out of 8 drivers were mentioned in the interviews, and 

in comparison to the main drivers found in the existing literature, the most important drivers 

according to the interviewees were: 

1. Operational efficiency improvements 

2. Safety and security enhancement 

3. Quality improvements 

4. Cost and time savings 

5. Collaboration and communication improvements 

6. Customer relationship improvements 

7. Improvements of the image of the industry 

8. Sustainability improvements. 

The majority of the interviewees put operational efficiency to the first place as the most 

beneficial driver related to IoT adoption. Operational efficiency refers to the on-time and on-

budget delivery category found in the literature. According to the interviewees, construction 

projects tend to fall behind pre-set schedules, which causes additional costs and other negative 

effects to every level of the construction organization. IoT was considered to bring great 

solutions for following delivery schedule and a pre-determined budget. The interviewed 

companies that had already adopted such solutions were striving for great results, and nearly 

every company was planning on adopting such solutions. 

 

The next important driver in terms of IoT adoption was safety and security enhancement. 

According to the interviewees, construction industry is among the industries with the highest 

number of work injuries, and the overall safety was, in some organizations, only on an average 

level. The case company representatives highlighted unnecessary injuries that could be avoided 
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by adopting IoT solutions. In terms of security, suspicious activities by external people in the 

construction areas may possibly result in thefts of equipment and materials or vandalism. By 

adopting IoT solutions meant for surveillance purposes, the majority of the case companies 

believed that the overall security could be improved. In general, IoT adoption was seen as a 

possibility to minimize work injuries as well as to significantly improve the general conditions 

of construction organizations related to security.  

 

The third important driver was quality enhancement. According to the interviews, the 

requirements from the owners and other important stakeholders as well as from tight European 

and national legislation were considered to be very strict. Every single task, phase and milestone 

had their own processes for measuring and ensuring quality, and these were considered to be 

very time-consuming. The interviewees were very acquainted with IoT adoption especially in 

relation to quality, as IoT solutions for quality assurance and improvement were used in nearly 

every case company. According to the interviews, the reputation of the companies was at least 

partly dependent on the quality of work delivered by them. Therefore, all good IoT solutions 

offered to address the problems related to quality were considered as advantageous.  

 

The fourth important driver for IoT adoption was cost and time savings. The interviewees stated 

that construction projects tend to be very complex and long lasting, resulting in delays and 

additional costs in nearly every project. One of the interviewees revealed that the average time 

of their construction projects is 13-17 months. In such a long time, various things in the project 

may change. This automatically involves a tremendous number of stakeholders who are all 

contributing to the project in different ways. The adoption of IoT was considered to offer great 

potential in simplifying construction projects and as such saving time and other resources. 

According to the interviewees, this could either mean streamlining processes or increasing 

productivity. In addition, cost and time savings could be achieved by improving operational 

efficiency with IoT solutions. 

 

The other drivers found in the existing literature were also mainly in-line with the interviews. 

Especially “in-house” collaboration and communication were considered to be greatly 

improved by adopting IoT, as there were currently a great amount of manual reporting work 

and documents that could potentially, at least partly, be digitalized or automated with IoT 
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technology. Furthermore, the data gathered from different sources was considered to be 

advantageous when used to display project progress and individual statuses of work tasks to 

stakeholders. A few companies also mentioned that it is a great advantage to involve the 

customer in the project already in the beginning of a project because it can increase transparency 

and trust among the customer, owner, contractor and other stakeholders.  

 

The majority of the interviewees also believed that IoT adoption would positively affect 

customer relationships if the data collected could easily be exploited and visualized. Many of 

the interviewees believed that the reason for this was because simplified interaction enhances 

customer experience. Furthermore, simplified information sharing and access among 

stakeholders was also considered to be equally important in terms of customer experience. One 

interviewee stated, “I can follow conversations between my supervisor and the highest boss 

while at the same time reacting to a comment coming from a guy working in the field through 

the same system.”  

 

Sustainability aspects were mentioned in only two of the interviews, and both of these 

representatives were from large companies. According to the interviewees, the environmental 

legislation regarding construction industry is continuously tightening, but the industry is still 

behind other large industries in terms of energy efficiency, raw material consumption and waste 

management. The other interviewee also pointed that “even though overall construction 

operations and the outcomes of construction projects have become more environmentally 

friendly, there is still plenty of room for improvement. The situation was very different 20 or 30 

years ago and it will also be so in 20 or 30 years from now. I believe that IoT and other 

digitalization-related tools will have a big role in the development.” Sustainability was also 

linked to the overall image of the industry. Both of the interviewees mentioned that the more 

sustainable a construction company appears, the better image it will deliver to both the 

stakeholders and the industry. 

 

Surprisingly, on top of the drivers found in the literature, new drivers appeared in the 

interviews. These are presented in Figure 10 below. 
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Figure 10. New drivers for IoT adoption 

The majority of the interviewed companies mentioned IoT adoption as an enabler for securing 

or improving their company’s competitive advantage. The construction industry is slowly 

moving towards a more digitalized era, which requires companies to make use of initiatives 

which lead to digitalized value-bringing outcomes in various operations. The competition was 

seen as fierce especially by the smaller companies as they stated the larger companies benefit 

from past experience and larger budgets for testing new technologies. On the other hand, some 

of the smaller companies considered themselves more flexible due to the fact that they could 

adopt and implement IoT solutions relatively fast with fewer intermediaries, systems and 

people. Approximately half of the interviewees also contemplated that as a result of adopting 

IoT, new revenue streams and business models could be generated. However, they did not 

specify what these new business models and revenue streams could be like. 

 

A key driver associated with IoT provider selection was considered to be previous experience 

and references of IoT providers. The interviewees argued that potential benefits of particular 

IoT solutions could be demonstrated from previous project implementations. The majority of 

the interviewed companies were not able to make the decision about adopting IoT without 

previous proof of the supplier’s solutions. They continued that an important aspect related to 
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suppliers’ previous experience was that individual IoT solutions could practically be translated 

into value-adding services. A few case companies were also from the point of view that it would 

be easier to cooperate with suppliers with which they had previously had positive experiences. 

This was because they had established trust with the providers and knew how they operated.  

 

A new driver that also appeared in the interviews was the overall flexibility and reliability of 

the supplier in terms of systems, technology, data collection, data access, data security, data 

privacy and data storage. Ensuring maintenance and update responsibility were also considered 

important. According to the interviews, the nationality and location of the supplier did not have 

a great impact on IoT adoption, but the answers had plenty of variation. Some companies 

mentioned that local providers are easier to cooperate with due to flexibility of taking action on 

short notice. Short distances and mutual language were also emphasized in easy cooperation. 

However, some of the larger companies cooperated with international providers due to mutual 

operating platforms. A few companies also emphasized the quality and great know-how of IoT 

in the Nordic countries, which is why they favored Nordic providers.  

 

The companies also appreciated knowledge about the industry and the construction work 

processes when selecting an IoT supplier. The majority of the interviewees pointed out that 

knowledge about the industry and work processes would lead to easier decision-making in 

terms of IoT adoption. Time could be saved when implementing solutions in field projects if 

the suppliers knew what they were doing. They have experience in how to properly install and 

set up the required technology as well as to link it with the associated systems. Moreover, they 

also know what can go wrong and avoid pitfalls. According to the interviews, a great supplier 

would also pursue mutual goals together with the buyer rather than sell a solution and then 

disappear for good. In addition, describing how well the solution will suit the company in terms 

of people, system architecture, legislation as well as ease of use and acceptance before 

implementation was also considered as an advantage in terms of IoT adoption.  

 

The majority of the interviewees did not consider low price of IoT solutions a driver from the 

supplier’s side for adopting IoT. This was due to the fact that most companies wanted instead 

to invest in reliable and easily understandable solutions with proven or justified value creation 

or benefits, no matter the cost. One of the interviewees pointed out that “there are still no 
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solutions available that meet our needs. We would pay almost anything to get it and we are 

closely working with our best IoT partners in order to get there.” For the majority of the case 

companies, the main target for the future was to principally manage their projects and 

operations with the data collected via IoT solutions. 

 

5.5 Barriers for IoT adoption in Finland and Sweden 

 

In general, the majority of the interviewees emphasized that IoT-adoption is difficult due to the 

nature of the industry and uniqueness of individual projects, as was also emphasized in 

contemporary literature. Each case company representative mentioned various barriers to IoT 

adoption, but some of the barriers they expressed were not totally similar to the barriers found 

in existing literature. The barriers mentioned in the interviews for adopting IoT are first 

compared against the barriers found in literature, after which they will be discussed in detail. 

In Table 5 below, the barriers found in the literature are compared to the interviews and marked 

as mentioned, partly mentioned or not mentioned. 

 

Table 5. Barriers found in literature in comparison to their appearance in the interviews 

Barriers found from literature Mentioned Partly mentioned Not mentioned 
Hesitation to adopt  X   
Knowledge management X   
Acceptance X   
Data security and protection X   
High implementation costs  X  
Organizational and process 
changes  X  

Lack of standards and reference 
architecture  X  

Regulatory compliance  X  
Legal and contractual uncertainty  X  
Post construction issues  X  
Need for enhanced skills   X 
Higher requirements for computing 
environment   X 

Enhancement of existing 
communication networks 

  X 
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According to the interviews, only four barriers were completely mentioned. These were 

hesitation to adopt, knowledge management, acceptance and data security, and protection. 

Hesitation to adopt IoT solutions is strongly linked to the aspects of knowledge management. 

The majority of the interviewees were of the opinion that uncertainty and lack of knowledge 

about how to implement IoT solutions and utilize the gathered data in practice were big 

challenges. Some of the interviewees stated that even though IoT-technology would be 

beneficial and ready for their organizations, their organizations were not completely aware of 

how to appropriately utilize the data collected with IoT in order to gain benefits. This is because 

proper knowledge of previous IoT solutions cannot fully be relied on, especially when adopting 

new IoT solutions. Many case company representatives stated that knowledge management is 

an essential factor when similar and new IoT solutions will be adopted. In addition, a few 

companies also revealed that they did not yet have standardized methods or processes for 

gaining and storing knowledge from previous projects. Only one case company had a 

standardized three-layer process for adopting IoT into new construction projects.  

 

The acceptance of IoT technology divided opinions among the case company representatives. 

Approximately half of the companies mentioned that IoT adoption would in most cases 

negatively affect employees’ feelings and attitudes towards their work. Many employees were 

said to feel that they were being watched at all times and that their established manners would 

radically change after IoT adoption. In addition, IoT adoption was also thought to cause biases 

and fear of job loss among the employees. However, some larger companies revealed that issues 

related to the acceptance of IoT adoption could also be taken into account prior to making the 

decision about IoT adoption. They had established “briefing workshops” with their employees 

in order to justify how the productivity and efficiency of the employees could be improved by 

adopting IoT. In addition, the companies stressed that it is crucial to emphasize how IoT would 

ease the work and workload of the employees and that the adoption would be carried out slowly 

without radical changes.  

 

Many of the interviewees highlighted data security and connectivity issues to do with both the 

IoT solutions ad the providers. One of the interviewees pointed out that “many construction 

organizations are dealing with vulnerable, yet extremely important sensitive information 

during construction projects, and therefore it is extremely important that data interfaces, 
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connections and end-devices are secured correctly.” In addition, ensuring proper data 

collection, data access, data security and data storage related to individual IoT solutions was 

equally as important. A few companies also highlighted the significance of ensuring 

connectivity in projects in difficult locations, such as in the middle of the forest or the ocean, 

or deep underground.  

 

The barriers that were partly mentioned in the interviews were high implementation costs, 

organizational and process changes, lack of standards and reference architecture, regulatory 

compliance, legal and contractual uncertainty as well as post construction issues. High 

implementation costs were mostly mentioned by the smaller case companies to be associated 

with the groundwork and compatibility needed for IoT implementation. These were even more 

severe in such case companies that had little experience of previously adopting IoT solutions. 

For example, preparing the organization and its technology, people and systems for IoT were 

considered to result in additional costs. High implementation costs were also highly linked to 

the organizational and process changes for which such companies had also prepared in order to 

fill the proper requirements for IoT implementation. The changes to organizational structures 

and processes could not always fully be prepared in advance as some of them were realized 

after IoT implementation.  

 

Lack of standards and reference architecture was related to regulatory compliance due to 

various required permissions, contracts and other terms and conditions between different 

stakeholders, which were affected by IoT in construction projects. This was indirectly 

mentioned by only two of the case company representatives, who emphasized that such 

“bureaucracy” was causing additional time and costs. However, the other interviewee pointed 

that “without proper permissions between the involved parties, a variety of privacy and security 

problems would occur, potentially resulting in severe consequences for our organization.” 

Both of them also argued that to date, many IoT suppliers are responsible for following required 

architectures and standards for developing IoT technology but problems often occur if the 

solutions are not “plug and play”. In such situations, external IT consultants could be utilized 

for communication between the supplier and the organization. 
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According to the interviews, regulatory compliance was told to be strongly linked both with the 

very strict European Union and national legislation. The uncertainty associated with legislation 

issues between the IoT suppliers and some case companies was considered to be challenging. 

Especially the aspects related to responsibility in terms of laws, regulations and standards of 

data privacy and protection should every time be considered thoroughly between the buyer and 

supplier. Such aspects should be translated into requirements which should always result in a 

contract between the parties. Technology installation, data collection and utilization, security 

and privacy as well as access to company data was in many cases also thought to be handled 

by the supplier. Even though the cooperation was in most cases flawless, some companies had 

negative experiences with unreliable suppliers in terms of fault conditions, despite clear 

contracts and obligation of confidentially between the parties.  

 

Post construction issues were also indirectly mentioned as a barrier for IoT adoption in a couple 

of the interviews. The larger companies had experiences of IoT solutions whose sensors could 

be utilized both during and after a construction project. The reason for utilizing the same sensor 

was that the information could be used for different purposes in the different phases. For 

example, a temperature sensor during the construction phase could provide information about 

facility-specific temperatures, whereas after project termination, the same sensors could work 

for monitoring the temperatures in the ready facilities. According to an interviewee, “Our 

experiences of during and after IoT solutions are negative because they are often more 

expensive and do not offer enough additional value especially after construction. The feedback 

of such solutions varies because the same solutions serve different end-user groups. It is 

practically impossible to determine the right purpose for different user groups years in advance 

before realization.” In addition, one interviewee also pointed out that the sensors used also after 

post construction are often wireless and therefore their functioning fully depends on battery 

life. They can be inside building elements which means that the battery cannot be changed, 

hence the end user applications do not last forever.  

 

The barriers which were not mentioned at all during the interviews were need for enhanced 

skills, higher requirements for computing environment and enhancement of existing 

communication technologies. In turn, on top of the barriers found in literature, new barriers 

were also introduced during the interviews. These are presented in Figure 11 below. 
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Figure 11. New barriers for IoT adoption 

The first new barrier that was mentioned in nearly every interview was scalability issues of the 

current existing IoT solutions, which also negatively affect IoT adoption. According to the 

interviews, each construction project is separate and has its own features and requirements, 

which limits the adoption of IoT solutions. One interviewee of a larger company stated that 

“the difficultness regarding scalability with individual IoT solutions is that each construction 

project has so many different elements and parameters that it is practically impossible to 

replicate same solutions identically across different construction projects.” In addition, the 

interviewees argued that even though the sensors could be used in other projects, their amount 

and settings are always different and require re-configuration. This often results in utilizing a 

similar solution in other projects as a new investment, rather than spending time and money on 

utilizing parts of previous solutions by applying them to new projects. However, some of the 

interviewees believed that completely scalable IoT solutions would be available sometime in 

the near future as predicting the requirements for the variables in construction projects of 

particular type and size becomes more straightforward.  
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According to the interviewees, the adoption of IoT was considered to be uncertain because the 

decision-making and information exchange related to IoT adoption requires a variety of factors 

to be considered and happens between various parties. A few interviewees emphasized that the 

process of decision-making in terms of adoption can be very long and complex because 

appropriate information exchange between different departments, teams and individuals is 

lacking. In addition, some of the interviewed companies did not have specific processes or 

standardized ways for adopting IoT which increases the time spent on the adoption because 

each new IoT solution must be procured individually. In the most radical cases, the companies 

did not even know what solutions to adopt because they had no information about what to solve 

in practice. According to the interviews, the complexity and long decision-making for IoT 

adoption often resulted also in the slow implementation of the adopted IoT solutions possibly 

delaying the construction projects.  

 

According to the interviews, a considerable barrier to IoT adoption was that individual suppliers 

tend to offer various individual solutions with distributed user interfaces and too many features, 

resulting in additional complexity and disorganized solutions. The majority of the companies 

were trying to adopt as easy-to-use and simple solutions as possible which could quickly be 

implemented as part of their own systems and processes. One company representative stated, 

“It is extremely difficult to determine whether individual solutions are smart or efficient, 

because if and when problems with solutions occur, further problems will always arise. All IoT 

systems and tools cannot simply be linked or integrated with our current systems if the outcome 

is expected to be simple. The process of procuring IoT must be carried out in such a way that 

the adopted solutions will be modular in order to join them individually with our systems and 

eventually together in the long run.” 

 

The interviews also revealed that a clear barrier to IoT adoption was the process of selecting 

the most feasible solution from the best IoT provider. According to the interviewees, the 

selection process often requires detailed screening if the supplier is new. In order to find the 

best suppliers, some of the interviewed companies were utilizing university collaboration, 

whereas others were utilizing exhibitions and direct contacting. The larger companies were 

receiving suggestions and offers about new IoT solutions on a weekly basis but the difficulty 

seemed to be choosing the “best of the best”. 
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The feasibility of a particular IoT solution was considered to be very difficult to determine 

based on the reputation and size of the supplier, which is why the larger companies were 

conducting risk analyses of smaller suppliers prior to selecting their solutions for adoption. In 

general, choosing the best provider was also linked to the reliability of solutions and their 

providers. Some companies had challenges with suppliers because the final IoT solutions did 

not meet their requirements. Lack of reliability was therefore considered to be a strong negative 

factor in terms of supplier selection. The interviewees emphasized that the transparency and 

integrity of the suppliers should be determined already in the material received or in the first 

meetings, at the latest, in order to build trust and justify the supplier’s reliability. 

 

As mentioned earlier, the company representatives pointed out that a normal construction 

project can be up to 17 months long during which people, machinery and equipment as well as 

the environment may change. Thus, a crucial barrier in terms of IoT adoption is lack of 

documentation of the results of the adopted IoT solutions. According to the interviews, one 

good solution implemented in a pilot project can in fact be useless without the continuous 

tracking and documentation of the results. One of the interviewees stated that “after project 

completion, many workers and supervisors may not even remember what kind of IoT solution 

was tested or used if the results have not been tracked and managed.” Some interviewees 

highlighted that the best IoT cases are those carried out first as use case pilot projects in which 

the results can be analyzed and documented in detail, as that is the principal purpose of those 

projects. During the pilot projects, especially the benefits of particular solutions are easier to 

identify when compared to actual construction projects. However, the solutions may not always 

result in benefits and in fact the majority of the companies had also negative experiences of 

piloted IoT solutions, which is why the solutions from those projects were not often adopted in 

field projects.  

 

5.6 The comparison of the results 

 

According to the interviews, Finland and Sweden seem to be majorly similar in terms of IoT 

utilization, although a few slight differences could be noticed. The results of the interviews 

indicate that the utilization stage of IoT is strongly linked to the size of the company in both 
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countries. The larger the case company was in terms of the number of employees and annual 

turnover, the more IoT solutions were utilized. In both countries, the larger companies also 

tended to utilize more advanced IoT solutions in comparison to the smaller companies. 

According to the case company representatives of the larger companies, the reasons for this 

were the willingness to experiment with new IoT solutions with larger budgets and the aim to 

appear more modern a construction company in a relatively competitive environment. In 

Finland, the willingness to experiment with new IoT solutions seemed a little higher than in 

Sweden. 

 

In both countries, the main construction industry categories in which IoT was utilized the most 

were building and infrastructure construction. However, In Sweden, companies were trying to 

utilize IoT equally in every construction project regardless of the size and type of the project, 

whereas In Finland, IoT was utilized more in the larger projects because the value from benefits 

was considered to be relatively better in comparison to smaller projects. According to the 

Swedish interviews, the reason why the Swedish construction companies tend to utilize IoT in 

all projects no matter the size and type was because they wanted to offer an equal possibility 

for their employees to try out and possibly succeed with IoT solutions. A Swedish case 

company representative pointed out that their company culture relies on equality because they 

had bad experiences of prioritizing particular employees and their work in particular projects. 

Furthermore, she added that equality sustained the well-being of their employees because the 

employees did not have to compare and compete with each other.  

 

The solutions utilized by the Finnish and Swedish construction companies were similar. The 

most popular phase for IoT utilization was clearly during construction especially in 

infrastructure and building construction projects. Solutions targeted to improving overall 

efficiency were highly utilized in both countries. In addition, solutions that are capable of 

measuring different individual parameters such as temperature and humidity were used in 

building and environmental monitoring. The reason for utilizing such solutions in both 

countries was because of the strict quality requirements for ensuring optimal circumstances for 

particular work stages, such as concrete casting and hardening. Machinery and equipment 

maintenance solutions were also commonly utilized in preventing the interruption of 

operations. IoT solutions aimed at improving safety and security were also highly utilized. Such 
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solutions were mainly targeted to surveillance purposes and preventing injuries. The larger 

companies in both countries were utilizing a variety of other solutions as well. They were often 

more complex solutions including the use of for example VR and AR.  

 

In terms of drivers for IoT adoption, the companies were similarly mostly aiming for time and 

cost savings by improving productivity and efficiency, enhancing safety and security and 

ensuring that the work processes and quality levels fulfil legislative standards. In Sweden, 

collaboration and communication between stakeholders was considered to be surprisingly 

important, whereas in Finland customer relationship improvements were only on average 

priority. In both countries, the competition was considered to be relatively tough, but the 

Swedish representatives highlighted that improving the image of the company with the help of 

IoT would translate into a better image of the industry. This was also mentioned by the Finnish 

interviewees but mainly as a side note. The representatives of both countries mentioned 

sustainability improvements also as an important driver for adopting IoT because waste and the 

consumption of raw material could be reduced. The new drivers appeared nearly equally in both 

Finnish and Swedish interviews without any differences worth mentioning.  

 

A relative difference between the countries seems to be that in Sweden the aim is to make 

processes and work tasks as automatized as possible by adopting IoT, whereas in Finland the 

main target is to use the data gathered from different IoT solutions as a tool in overall 

management. In addition, in Sweden, the adoption of IoT seemed to be an organization-wide 

task, whereas in Finland, the adoption was considered to be controlled by certain parts of the 

organizations. Furthermore, the Swedish work culture tended to be relatively more open 

towards IoT adoption in comparison to Finland. In general, for the most part, when 

contemplating IoT adoption, the Swedish companies favor a “bottom-up” approach, in which 

construction field employees and their supervisors require solutions based on particular needs 

which are forwarded to higher levels in the company hierarchy. The push for specifically IoT 

often comes from other colleagues or employees in the same organization who have tested and 

proven the positive effects and advantages of IoT solutions as part of their work. In Finland, 

most companies favored a “top-down” approach in which decisions about new IoT solutions 

were mainly made by the management level, after which the process was coordinated 

downwards for implementation, finally reaching the field employees and their supervisors. 
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However, a total generalization of the aforementioned aspects cannot be made since certain 

characteristics were mentioned at least once in interviews from both countries. 

 

In terms of barriers for IoT adoption in Finland and Sweden, the results showed more variation. 

The largest challenges were clearly hesitation to adopt, data security and protection, acceptance, 

and knowledge management. In both countries, hesitation to adopt IoT was strongly linked to 

the acceptance by the employees and knowledge management related to previous experience. 

The top-down approach of Finland seems to have an impact on IoT acceptance as a few Finnish 

case company representatives had been in situations where their employees resisted starting to 

use IoT as part of their work. On the other hand, in Sweden, the employee-driven bottom-up 

way was proven to be very effective with mainly positive outcomes in terms of acceptance. 

Knowledge management in general seemed to be quite similar in both countries. The 

representatives emphasized that lack of previous experience, either pilot or field, of IoT projects 

decreased the ability to make decisions about IoT adoption. The Swedish representatives also 

highlighted that losing experienced employees would negatively affect knowledge management 

in terms of IoT adoption.  

 

The barriers related to data were largely similar in both countries whose representatives 

highlighted the concerns associated with data security and protection. The Finnish and Swedish 

construction companies mostly tended to rely on IoT suppliers in terms of data privacy, 

protection and legislation among others. In Finland, construction companies often tended to 

cooperate with suppliers in order to receive guidance for their employees and managers about 

how particular IoT solutions should be used and possibly altered before and during projects. In 

Sweden, rather than only relying on supplier knowledge and cooperation, internal digital 

coaches and leaders were often appointed to carry out some tasks in guiding employees as well 

as installing and setting up IoT. This had been proven to be very effective and convenient for 

the Swedish employees. The employees were said to feel that they were working with a 

colleague rather than with unfamiliar outside persons, resulting in positive experiences.  

 

The barriers that were partially mentioned in the interviews were the lack of standards and 

reference architecture, regulatory compliance, legal and contractual uncertainty as well as post 

construction issues. These barriers seem to affect IoT adoption in a similar way in both Finland 
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and Sweden because the countries are quite identical in terms of standards, regulations and 

legislation. Post construction issues were of high concern in Finland as some interviewees 

highlighted the difficulty of predicting the requirements of end-users in advance and such 

solutions were also often considered expensive. In Sweden, no post construction issues were 

mentioned and in fact, post construction was referred to as smart buildings and environments 

of which the Swedish representatives had only positive experiences. The new barriers that came 

up in the interviews were considered identically important in the countries despite that in 

Finland scalability issues tended to be of higher concern in comparison to Sweden. 
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6 DISCUSSION & CONCLUSIONS 
 

The aim of this chapter is to comprehensively summarize the outcomes of the thesis. First, 

answers to the set research questions are presented in brief. Next, recommendations for Fidera 

Ltd will be discussed based on the results of the study. Lastly, further research topics and themes 

are expressed as a continuum for this thesis. 

 

6.1 Answering the research questions 

 

The first objective of this thesis was to examine the extent to which IoT solutions are currently 

being utilized and what applications can be found in the construction industry. The next 

objective was to identify the main drivers and barriers associated with IoT adoption in the 

construction industry. The third objective was to compare Finnish and Swedish construction 

companies in terms of IoT utilization and adoption. In order to comprehensively reach the set 

objectives, three main research questions were formulated in the beginning of the thesis. Based 

on the findings of the literature review and the results from the qualitative multiple case study, 

answers to the research questions are presented below. 

 

RQ1. To what extent is the IoT utilized and what IoT applications or solutions can be found in 

the construction industry? 

 

In general, IoT solutions are currently being utilized widely in the construction industry and 

IoT seems to either have an individual strategy or be part of a larger digitalization strategy in 

construction companies. A main finding related to the use of IoT was that the number of utilized 

IoT solutions seems to be directly linked to the size of the construction company in terms of 

the number of employees and annual turnover. In other words, the larger the company, the more 

IoT solutions were utilized. Larger companies seem to also make use of more advanced IoT 

solutions in comparison to smaller companies. The extent to which IoT was utilized depended 

also on the type of construction that was carried out. Building construction was clearly the 

largest category in terms of IoT utilization and the second largest category was engineered 

construction or infrastructure construction. IoT solutions were mostly utilized during the 
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construction phase of projects, although IoT was also utilized during pre and post construction 

projects. 

 

The application field of IoT is very diverse in the construction industry. Construction 

companies are utilizing a broad spectrum of IoT solutions depending on their needs and 

previous experience of IoT solutions. The IoT application categories found in the literature 

review are to a large extent linked with the findings from the interviews. 12 out of 14 categories 

found in the literature also appeared in the interviews. The most utilized IoT applications in the 

construction industry are as follows:  

• Environment and building monitoring 

• Machinery and equipment maintenance 

• Security and safety control 

• Remote operation 

• Managing workers 

• Supply replenishment and management 

• Smart communication and collaboration 

• Augmented and virtual reality 

• Prefabrication in construction 

• Power, fuel and energy savings 

• Waste management 

• Lean construction. 

The two categories that were not mentioned at all in the interviews were worker health and 

disaster and emergency response. The qualitative case study also revealed new IoT solutions 

which did not occur in the literature review. None of the mentioned solutions are yet being 

utilized as such in actual construction projects but they are currently under experimentation and 

development in pilot projects. The other mentioned IoT solutions are presented below. 

• Solutions related to automation and robotics for painting, cleaning, digging and drilling 

without human intervention or supervision 

• Laser and camera solutions for calculating mass, density, capacity and length 

• Solutions based on the integration of IoT and artificial intelligence  
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• Solutions related to digital twin and IoT. 

As a conclusion, the utilization of IoT solutions in the construction industry is increasing and 

inevitable for many companies, as the industry undergoing a technological revolution. 

Currently, IoT seems to offer various solutions for construction companies with many potential 

benefits, although especially the smaller construction companies have not exploited all the 

benefits. The current solutions of the providers cannot completely meet every need in the 

industry but new solutions are introduced all the time. 

 

RQ2. What are the main drivers and barriers associated with IoT adoption in the construction 

industry? 

 

In general, the adoption of IoT in the construction industry seems to be difficult for the majority 

of construction companies as there is plenty of uncertainty and several aspects to consider prior 

to adopting IoT. On the other hand, the adoption of IoT is thought to solve a variety of problems 

and offer tremendous advantages if the related challenges can be overcome. Both the literature 

review and the qualitative case study of the thesis revealed several drivers and barriers for IoT 

adoption in the construction industry.  

 

The findings of the literature review were mostly in line with the results from the interviews in 

terms of the identified drivers for IoT adoption in the construction industry. As a result, the 

main drivers for IoT adoption in the construction industry are: 

• Operational efficiency improvements 

• Safety enhancement 

• Quality improvements 

• Cost and time savings 

• Collaboration and communication improvements 

• Customer relationship improvements 

• Improvements of the image of the industry 

• Sustainability improvements. 
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In addition, five new drivers for IoT adoption in the construction industry were also identified 

as a result of the interviews. Such drivers did not appear in the literature review. The new drivers 

are: 

• Securing or improving competitive advantage 

• Previous experience and references of IoT suppliers 

• Flexibility and reliability of IoT suppliers 

• Supplier knowledge about the industry and processes 

• Reliable and easily understandable solutions. 

The main barriers found in the literature review for IoT adoption were not directly linked with 

the barriers brought up in the interviews. The appearance rate of the barriers found in the 

literature were compared to that of the barriers mentioned in the interviews by marking whether 

a particular driver was mentioned, partly mentioned or not mentioned in the interviews. As a 

result, the mentioned and partly mentioned drivers for IoT adoption in the construction industry 

are as follows: 

• Hesitation to adopt 

• Knowledge management 

• Acceptance 

• Data security and protection 

• High implementation costs 

• Organizational and process changes 

• Lack of standards and reference architecture 

• Regulatory compliance 

• Legal and contractual uncertainty 

• Post construction issues. 

The barriers that were not mentioned at all in the interviews were the need for enhanced skills, 

higher requirements for computing environment and the enhancement of existing 

communication networks. However, the interviews also brought out completely new barriers 

for IoT adoption which are as follows: 
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• Scalability issues of existing IoT solutions 

• Lack of information exchange in decision-making 

• Complexity of IoT solutions 

• Issues in selecting the best IoT solution and provider 

• Lack of documentation in terms of the results of adopted IoT solutions. 

As a conclusion, the adoption of IoT contains various aspects for construction companies to 

consider because it includes the procurement process of IoT as well as the implementation into 

different projects and processes. For the larger construction companies, the adoption seems to 

be slightly easier in comparison to smaller companies because they tend to have better processes 

for and overall experience of IoT adoption. Furthermore, they have more knowledge about how 

to handle and take into account the barriers to IoT adoption.  

 

RQ3. How do Finnish and Swedish construction companies differ in terms of IoT utilization 

and adoption? 

 

The Finnish and Swedish construction companies are largely similar in terms of IoT utilization 

although some differences were also found. The extent to which the Finnish and Swedish 

construction companies are utilizing IoT varied between individual companies but the trend 

appeared to be that the larger the company, the more IoT solutions were utilized. The 

applications utilized in Finland and Sweden were also largely similar, but the larger companies 

were utilizing more sophisticated IoT solutions. 

 

In Sweden, IoT solutions were utilized in construction projects of all sizes and types, whereas 

in Finland, the larger construction projects were often the first priority in terms of IoT 

utilization. In Sweden, the main goal for utilizing IoT was to enable processes and work tasks 

to be as automatized as possible. In turn, in Finland, the main goal was to improve overall 

management with the help of data collected with IoT solutions. However, managing with data 

was also thought to be important in Sweden, as was automating processes and work tasks with 

IoT in Finland.  
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The solutions that are currently being utilized by Finnish and Swedish construction companies 

were similar. The phase in which IoT was utilized the most in both countries was clearly during 

construction operations especially in infrastructure and building construction. The most utilized 

solutions belong to the categories of overall building and environment monitoring, machinery 

and equipment maintenance, and security and safety monitoring. Solutions of those categories 

were often simple individual IoT solutions. The larger companies of both countries were 

utilizing a variety of more complex solutions, such as VR and AR. In Finland, the willingness 

to experiment with new IoT solutions tended to be a bit higher in the larger companies compared 

to Sweden.  

 

IoT adoption seems to be slightly different in the countries, although plenty of similarities were 

also found. The main difference regarding IoT adoption was that in Sweden the adoption is 

mostly carried out with a “bottom-up” approach, whereas in Finland a “top-down” approach is 

more common. The initiative for adoption in Sweden comes mainly from the field employees 

and their supervisors, who require new IoT applications based on the needs and positive 

experiences that their colleagues have acquired while working with IoT solutions in other 

projects. In Finland, the initiative for IoT adoption commonly comes from the higher levels in 

the company hierarchy where the decision about adopting IoT will be made and then forwarded 

downwards in the hierarchy eventually reaching the field employees. 

 

In terms of IoT adoption, the main drivers were similarly important in the countries. The drivers 

and barriers found in existing literature were also majorly in-line with the drivers and barriers 

mentioned in the interviews. In both countries, the main drivers for IoT adoption were 

improving efficiency and productivity, decreasing time and costs, enhancing safety and security 

as well as improving quality. However, In Sweden, collaboration and communication between 

stakeholders was considered to be surprisingly important, whereas in Finland improving 

customer relationships was shown to be more important than in Sweden. In addition, in Sweden, 

the positive image of the company, which also positively affects the image of the industry, was 

seen as an important driver, whereas in Finland this was also mentioned but not considered as 

important. Sustainability improvements were among the main drivers in both countries. The 

new drivers that appeared in the interviews were of equally high priority.  
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The barriers for IoT adoption showed more variation in Finland and Sweden. The main barriers 

in both countries were clearly the hesitation to adopt, data security and protection, acceptance, 

and knowledge management. In both countries, the hesitation to adopt was strongly linked to 

the acceptance by the employees and knowledge management of previous experience. In 

Finland, the “top-down” approach to IoT adoption was considered to result in more negative 

experiences among employees, whereas in Sweden the employee-driven bottom-up way was 

proven to be very effective with mainly positive outcomes in terms of acceptance. Knowledge 

management seemed to be relatively similar in both countries as lack of previous experience 

from both pilot and field IoT projects was experienced to decrease the ability to make decisions 

about IoT adoption.  

 

In terms of partly mentioned IoT barriers, lack of standards and reference architecture, 

regulatory compliance, legal and contractual uncertainty as well as post construction issues 

seemed to affect IoT adoption in a similar way both in Finland and Sweden. This is because the 

countries share plenty of similarities in terms of standards, regulations and legislation. Post 

construction issues were of high concern in Finland due to the difficulty of predicting 

requirements in advance and due to expensive solutions, whereas in Sweden, no post 

construction issues were mentioned. Post construction was in fact considered more as a driver 

for IoT adoption in Sweden. In terms of the new drivers found in the interviews, both countries 

are similar, except that scalability issues were of higher concern in Finland than in Sweden. 

 

6.2 Recommendations for Fidera Ltd 
 

In general, the results of this thesis serve as a good basis for Fidera Ltd’s future business 

development activities. The main focus of the company was to improve its solutions to better 

answer the needs of Finnish and Swedish construction companies. Since Fidera Ltd is a provider 

of IoT solutions, the supplier aspects related to the drivers and barriers of IoT adoption 

introduce potential improvement areas for the company. Moreover, the extent to which IoT is 

currently utilized also pinpoints considerable aspects for improvement.  

 

The current extent to which Finnish and Swedish construction companies are utilizing IoT 

entails that Fidera Ltd could concentrate on providing its solutions to the small and medium 
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sized construction companies. In addition, simple IoT solutions targeted especially to the 

infrastructure and building construction seem to be in high demand which is why such types of 

construction projects offer promising opportunities for the development of related IoT 

solutions. 

 

In terms of IoT utilization, the current portfolio of Fidera Ltd should endeavor solutions that 

truly provide the customers with added value and benefits. Construction companies want to be 

convinced of benefits that individual solutions could actually bring them. Related to offering 

value, brief presentations could be made about successful previous or ongoing IoT projects in 

order to use them as reference cases for new customers. This would help in acquiring new 

customers because the benefits and value could be demonstrated more easily. As a side 

recommendation, sustainability aspects of IoT solutions could also be taken into account as the 

industry is moving towards a more environmentally friendly direction both in Finland and 

Sweden. 

 

The main fields of IoT applications found in the literature review offer a variety of considerable 

options for solution development. The interviews pointed out that the three most important 

categories for IoT applications in the construction industry are environment and building 

monitoring, machinery and equipment maintenance and safety and security monitoring. The 

solutions should by all means result in benefits such as operational efficiency improvement, 

safety enhancement, quality improvements as well as cost and time savings. However, the 

drivers for IoT adoption reveal that the company should also emphasize for example the 

simplicity, ease-of-use and reliability of their IoT solutions. The barriers for IoT adoption 

should be seriously taken into account in order to avoid any negative interaction with customers. 

 

Nearly every construction company seems to be looking for an all-encompassing IoT solution 

through which multiple individual IoT applications could be offered. The idea is to provide the 

customer with solutions targeted at different individual users, but the operating system would 

be the same. Individual access, features and characteristics should be easy to configure in order 

to tailor the solution according to the particular needs of the customer. In addition, the 

scalability of IoT solutions was pointed out by construction companies because such solutions 

do not completely exist yet. Therefore, one recommendation for Fidera Ltd is to consider how 
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to create partly or fully scalable IoT solutions that could be used across different construction 

projects and possibly replicated with minimal changes to new projects.  

 

Lastly, factors such as ensuring connectivity, legislation, data privacy and data security are of 

high concern among construction companies, since IoT systems are almost always part of larger 

company-specific information technology systems. It is not only crucial to set up, handle and 

manage the technology, systems and data correctly but to also to document everything properly 

and according to laws, standards and regulations. This would most likely result in increased 

trust and transparency between the company and the customer.  

 

6.3 Future research 

 

In general, this thesis examined the utilization and adoption of IoT in the construction industry. 

The overall results of the thesis are based on the existing literature and qualitative interviews. 

The study aimed at contributing to the current scarce literature by revealing insights around the 

topic from actual construction companies operating in Finland and Sweden. As a result, new 

information was found in relation to the utilization of IoT solutions as well as the drivers and 

barriers for IoT adoption. 

 

This thesis serves as a good base ground for further research. The themes associated with the 

topic of the thesis reveal a variety of new topics to be addressed in future research. A main 

further theme related to this thesis could be to broaden the scope and to examine IoT utilization 

and adoption in other countries than Finland and Sweden because these two countries are 

majorly similar in many respects. However, in terms of Finland and Sweden, this thesis did not 

examine the behavioral and sociological aspects or cultural differences, which creates a great 

opportunity for examining such factors from the perspective of IoT utilization and adoption. 

 

The thesis was limited to studying the topic only in the construction industry and covered all 

types of construction. Differences related to IoT utilization and adoption could also be studied 

among particular types of construction, such as industrial or infrastructure construction. 

Furthermore, subtopics related to this could be to examine what kinds of IoT solutions are 
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targeted to specific types of construction and how IoT adoption would differ between different 

types of construction.  

 

Lastly, this thesis did not consider the role of subcontractors in terms of the utilization and 

adoption of IoT. As subcontractors are often required for carrying out specialized construction 

activities, they may also be involved with the IoT. Subcontractors are not internal employees 

of construction companies which may result in many things being different. Further research 

could be carried out by examining how IoT utilization and adoption affects the selection of 

subcontractors or how subcontractors should, in general, be taken into account.  
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8 APPENDICES 
 
Appendix A1: Cover letter for Interviews in Finnish. 

 

Hei,  

 

Lähestyn sinua kartoittaakseni mahdollisuutta toteuttaa haastattelu diplomityöhöni liittyen. 

Teen diplomityötä suomalaiselle teknologiayritykselle, Fidera Oy:lle, joka tarjoaa moderneita 

IoT-ratkaisuita usealle eri sektorille. Tutkin diplomityössäni IoT-ratkaisuiden hyödyntämistä ja 

hankintaa Suomen ja Ruotsin rakennusalalla. 

 

Haastattelujen pääasiallisena tarkoituksena on selvittää, mitä jo olemassa olevia IoT-ratkaisuita 

rakennusalan yritykset hyödyntävät, mitä edellytyksiä ja esteitä IoT-ratkaisuiden hankinnalle 

on sekä millaisia tarpeita IoT-ratkaisuilla voitaisiin mahdollisesti täyttää. 

 

Olisiko sinulla mahdollisesti aikaa noin 30 minuutin - 1 tunnin mittaiselle haastattelulle 

aiheeseen liittyen? Haastattelut toteutetaan anonyymisti ja niiden tuloksia käsitellään 

luottamuksellisesti akateemisessa tarkoituksessa. Haastattelupanoksellasi on työlleni tärkeä 

merkitys, koska aikaisempia tutkimuksia aiheen tiimoilta on toteutettu erittäin vähän. 

Yhteystietoni löytyvät alta. 
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Appendix A2: Cover letter for Interviews in English. 

 

Dear Sir or Madam, 

I am contacting you about an interview possibility for my master’s thesis. I am finalizing my 

studies in Lappeenranta University of Technology and will soon graduate as M.Sc. (Tech) in 

industrial engineering and management.  

I am currently conducting my master’s thesis for a Finnish technology organization, Fidera 

Ltd., which provides end-to-end Internet of Things (IoT) solutions for several industries. In my 

thesis, I am examining the utilization, and adoption of IoT-solutions in the Finnish and Swedish 

construction industry. 

Would you or a person in your organization with knowledge about IoT-solutions possibly have 

time for a 30-minute to 1-hour interview around the topic? The results of the interview will be 

treated confidentially and used only for academic purposes.  

The contribution of your organization would have a great impact for my thesis as there are only 

a few previous studies published around the topic. I am happy to discuss more about my thesis 

and further details related to the interview. You can find my contact information beneath. 
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Appendix A3: Interview guide in Finnish. 

 

Haastattelukysymykset: 

 

1. Kuinka kauan olet työskennellyt nykyisessä yrityksessäsi ja ylipäätään rakennusalan 

parissa?  

 

2. Millä rakennusalan alasektorilla edustamasi yritys toimii? 

a. Talorakentaminen 

b. Infrastruktuurirakentaminen 

c. Teollinen rakentaminen 

d. Muu  

 

3. Onko yritys julkis- vai yksityisomisteinen? 

 

4. Kuinka hyvin tunnet käsitteen ”Internet of Things” tai suomeksi ”Esineiden Internet”? 

 

5. Onko IoT mainittu tai huomioitu yrityksesi strategiassa? 

 

1. Tutkimuskysymykseen liittyvät (IoT:n hyödyntäminen): 

 

6. Hyödyntääkö yrityksesi tällä hetkellä IoT-ratkaisuita rakennusoperaatioissa? 

a. Jos kyllä, niin mitä IoT-ratkaisuita ja millä sovellusalueilla? 

 

7. Mitkä ovat olleet suurimmat syyt IoT-ratkaisuiden hankinnalle? 

 

8. Mitkä ovat suurimmat saavutetut hyödyt IoT-ratkaisuista? 

 

9. Liittyikö IoT-ratkaisuiden hankintaan haasteita? 

a. Jos kyllä, niin minkälaisia haasteita? 

 

2. Tutkimuskysymykseen liittyvät (IoT:n adoptointi): 
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10. Mitä pääasiallisia edellytyksiä yritykselläsi on IoT-ratkaisuiden hankinnalle? 

a. Mitkä tekijät vaikuttavat ostopäätökseen? 

 

11. Mitä pääasiallisia esteitä yritykselläsi on IoT-ratkaisuiden hankinnalle? 

a. Mitkä tekijät hidastavat tai rajoittavat IoT-ratkaisuiden hankintaa ja 

käyttöönottoa? 

 

12. Mitä potentiaalisia tarpeita IoT-ratkaisut voisivat täyttää nyt tai lähitulevaisuudessa 

yrityksessäsi? 

a. Mitkä ovat lupaavimpia IoT sovellusalueita rakennusalalla nyt ja 

tulevaisuudessa? 

 

13. Mitkä tekijät vaikuttavat toimittajan valintaan? 

a. Hankkiiko yrityksesi IoT-ratkaisuita ensisijaisesti kotimaisilta vai 

kansainvälisiltä tarjoajilta? 

 

Lisäkysymykset, jos tarvetta tarkentaa: 

 

14. Mitä seuraavista hyödyistä yrityksesi tavoittelee eniten IoT-ratkaisuilla? 

a. Kustannus- ja aikasäästöt  

b. Prosessien optimoiminen  

c. Turvallisuus 

d. Kilpailukyvyn varmistaminen  

e. Ennustettavuus 

f. Uusien liiketoimintamallien ja tulolähteiden kehittäminen  

 

15. Mitkä seuraavista tekijöistä vaikuttavat eniten IoT-ratkaisuiden ostopäätökseen? 

a. Ostettavan ratkaisun yksinkertaisuus ja ymmärrettävyys  

b. Käyttöönoton helppous 

c. Tarjoajan maine ja luotettavuus 

d. Hinta 
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e. Kokonaisvaltaiset ja/tai niputetut ratkaisut samalta tarjoajalta 

f. Skaalautuvat ratkaisut  
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Appendix A4: Interview guide in English. 

 

Interview questions: 

 

1. How long have you been working for your company and in overall construction 

business? 

 

2. Can you please specify on which construction sub-sectors your company is operating 

on? 

a. Buildings 

b. Infrastructure 

c. Industrial 

d. Other 

  

3. Is your company publicly or privately owned? 

 

4. How well are you familiar with the concept of Internet of Things? 

 

5. Does your company have IoT as part of your strategy? 

 

RQ1 related (Utilization of IoT): 

 

6. Is your company currently utilizing IoT solutions in construction operations? 

a. If yes, what kind of IoT solutions and on which application areas? 

 

7. What are the main reasons for procuring IoT solutions for your company? 

 

8. What are the largest benefits you are trying to achieve with IoT solutions?? 

 

9. Are there any challenges or concerns related to IoT solutions in the construction 

industry? 

a. If yes, what challenges? 
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RQ2 related (Adoption of IoT): 

 

10. What are the main drivers for adopting IoT solutions to your company? 

a. Which factors affect purchasing decision? 

 

11. What are the main barriers for adopting IoT solutions for your company? 

a. Which factors slow down or limit the procurement and implementation of IoT 

solutions?  

 

12. Which possible needs could IoT solutions potentially answer now and in the near 

future? 

a. What are the most promising IoT application fields in construction industry 

now and in the near future? 

 

13. What are the most important factors for choosing the provider? 

a. Would you rather buy IoT solutions from local suppliers or considering 

international suppliers? 

 

Additional questions if needed 

 

14. Which of the following are you trying to achieve with IoT solutions? 

a. Cost and time savings 

b. Process optimization 

c. Security 

d. Ensuring competitiveness 

e. Predictability 

f. Development of new business models and revenue streams 

 

15. Which of the following affects most to the buying decision? 

a. Simplicity or easy understanding of the IoT solution 

b. “Plug and play” solution 
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c. Provider reputation and reliability 

d. Price 

e. All-inclusive or bundled solutions from the same provider 

f. Scalable solutions 
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Appendix A5: Case company IoT applications and application fields. 

 
Application field Individual applications/solutions 

1. Environment 

and building 

monitoring 

Solutions for measuring for example temperature, vibration, humidity 

and acceleration in building materials, facilities or the environment. The 

data is used to ensure optimal work circumstances and to keep up with 

the requirements for particular materials or surfaces to harden or dry. 

2. Machinery and 

equipment 

maintenance 

Applications for individual machinery and equipment that wear in time 

and use. The solutions are used for analyzing maintenance or repair 

needs according to pre-set parameters and changes in the collected data. 

Some solutions can accurately alert to even the smallest wear and tear 

in individual parts.   

3. Security and 

safety control 

Monitoring and tracking solutions for employees, equipment and 

machinery for locating and counting purposes. Some solutions include 

alert signaling features related to detected thefts and violations in terms 

of the environment, equipment, machinery, employees among others.  

4. Remote 

operation  

Solutions for supervising and monitoring the progress of the overall 

project or an individual task remotely. Solutions often include advanced 

display features “from anywhere to anyone” and associated features for 

quick decision-making operations. Additionally, some reporting 

features can also be included, depending on the responsibilities of a 

particular position and the permissions of end-users. 

5. Managing 

workers 

Applications to supervisors for allocating individual tasks to employees 

who are working in different locations around the construction sites.  

6. Supply 

replenishment 

and management 

Location solutions for the tracking and monitoring of the deliveries of 

material and equipment units. Used especially in the tracking of ordered 

or missing units as well as in locating individual assets at construction 

sites or other relevant facilities. In addition, solutions for material 

quality assurance in the form of detecting for example temperature and 

humidity changes.  
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7. Smart 

communication 

and collaboration 

Applications for employees, supervisors and other project stakeholders 

for ensuring quick and easy channels for communication. These include 

for example interconnected tablets with advanced display features. 

8. Augmented 

and virtual reality 

AR and VR solutions used in employee training and familiarization, for 

design and planning purposes as well as in visualizing work instructions 

with proper devices, such as smart helmets or glasses.  

9. Prefabrication 

in construction 

IoT solutions used for planning construction materials and modules in 

advance. Some applications enable the easy modification and display of 

final or ready-looking assemblies or entities. 

10. Power, fuel 

and energy 

savings 

During construction supply-chain solutions made for tracking ordered 

or missing assets and locating individual assets at construction sites or 

other relevant facilities. In addition, solutions for tracking water and 

energy usage in during and post construction activities.   

11. Waste 

management 

Solutions for tracking waste, detecting waste types and eliminating all 

possible excess waste. New applications were continuously tried out in 

order to manage tightening environmental laws and regulations. 

12. Lean 

construction 

Applications for streamlining individual work processes during 

construction. In addition, lean principles digitally leveraged the form of 

guidance. 

 

 


