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Abstract 
The purpose of this thesis is to describe and implement how a specific form of IoT, 
sensors, can be integrated with BIM in order to improve the building performance, when 
the perspective taken is the end-users. It seeks to explore different perceived values of 
BIM and sensor integration for the occupants who directly use the building facilities. The 
thesis also describes the concept, frameworks and cases of how BIM and sensors 
integration can be setup. These are used for an implementation at a case facility. 

Three main methods are used – literature review, comparative case study, and a small-
scale implementation, containing a survey and sensor implementation based on the 
respondents’ satisfaction with the office air quality. 

A basic literature review is used to gather the fundamental concepts used within the 
relevant areas, and to review the empirical research connected to these. The conceptual 
part of the thesis review frameworks for BIM and sensor integration, and points toward a 
more user-centric framework that is later developed in relation to the thesis’ empirical 
results. 

The theoretical framework integrates Information Systems Theories with Knowledge 
Management for a framework of understanding how knowledge about new kinds of 
Information Systems in developing areas function. 

The empirical part of the thesis is structured into two main phases, one descriptive 
comparative case study, and the other an implementation based in the first phase results. 
The first phase is descriptive, where two cases of sensor and BIM implementation 
processes for FM are described. The main case of Tyréns company (Tyréns), and a 
reference case of Mästerhuset is used for understanding how different organizational 
structures may lead to different perceived values and processes of BIM and sensor 
integration for the end-users. 

The second phase is an implementation at the main case, Tyréns’ headquarter building. 
Here the end-user perspective is employed with a survey that is constructed in 
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accordance with some of the fundamental concepts and research reviewed, in order to 
measure the perceived satisfaction with the air quality of the end-users working 
environment. The answers show concerns with air quality in the meeting rooms, and this 
is used as the basis for a small-scale implementation of sensors, where CO2 and 
temperature sensors are set up. 

The results show how different organizational-specific conditions generate different 
perceived values of BIM and sensor integration depending on ownership relation to the 
end-users. The case study also illustrate the different processes of BIM and sensor 
integration may be setup to supplement building performance. This points to a needed 
add-on into frameworks that conceptualizes BIM and sensor integration without the 
inclusion of the end-users’ perspective. Based on this an end-user conceptual framework 
of BIM and sensors is proposed with the supplementary part of a knowledge layer, 
named analytic layer and data source from occupants.  
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2D : two-dimensional 

3D : three-dimensional 

AECO : Architecture – Engineer – Construction – Operation 

AutoCad : Computer-aided design software program 

BIM : Building information modelling/ management 

BMS : Building management system 

CoBie : Construction operations building information exchange 

EMS : Energy management system 

FM : Facility management  

HVAC : Heating, ventilation, air conditioning system 

IFC : Industry foundation classes 

IoT : Internet of thing 

Ppm : Parts per million 

SCADA : Supervisory control and data acquisition 

WSN : Wireless sensor network 
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1. INTRODUCTION 
This introductory chapter provides the brief background and problem formulation of the 
research. Then the objectives, research questions, delimitations and the disposition of 
this thesis are also include. 

1.1. Background and research problem 
Office buildings, basically, an important feature in a developed world, where people 
work and spend a third of their time on average every single day. It brings 
environmental, economic, social, functional, cultural and also legal benefits to both 
individuals and organizations (Mayouf, Boyd, et al., 2014). Therefore, concerning how 
well a building performs is of relevance for the occupant-centric view, and is one of the 
most pressing subjects in Architecture – Engineer – Construction – Operation (AECO) 
industry. 

This study is mainly undertaken at the headquarter office building of a medium-sized 
company, Tyréns AB – a construction consultant, that recently taken a broad interest in 
the integration of sensing devices into their organization and buildings. These changes to 
the company and its systems can be seen through the background of an ongoing 
connectivity of physical objects and the use of these for an array of developing uses – 
what’s today being described as the Internet of things (IoT) in conjunction with using 
Building Information Modelling (BIM). BIM is simplify defined as a digital 
representation of physical and functional characteristic of building’s facilities with the 
interoperability when sharing information throughout stages of a building lifecycle 
(NBIMS, 2016). Working as a BIM consultant in construction filed, Tyréns is going to 
explore more the use of BIM beyond the design and construction phase. Currently, BIM 
has not extensively been used in the facility management and operations phases as of yet. 
And according to some overviews (Becerik-Gerber, et al., 2012) the latency of 
implementation of BIM in these phases are fairly common. 

One of the recent changes in the technological development of society is what is 
commonly referred to as the concept of Internet of Things (IoT), abbreviated as IoT. IoT 
is a banner concept that is used to describe that physical objects now are being connected 
by networks and/or internet, and furthermore how these artifacts are used to collect and 
exchange data. The growing use of IoT can be shown in the emerging interests in so 
called smart buildings, smart homes etc. However, since this is a new area it is still in its 
infancy, and many of the future applications are consequently not known. There’s a 
growing debate on the values and problems that will emerge with IoTs different 
applications (Howard, 2015). One application of IoT is in office buildings, and to install 
sensing devices into office buildings could offer possibilities in many areas according to 
some key actors in this area (Becerik-Gerber, et al., 2012).  
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One possibility of IoT-devices to work within offices could be by running them with 
BIM (Bjälnes, 2016), which can improve the building performance for occupants who 
directly use the building. With BIM applied in post-construction phase, all benefits of 
BIM in construction phase are transferred to be usable in the operation phase, especially 
the visualization and managing building’s facilities function on 3D building models to 
the building users with real-time data from sensors. To integrate sensor data and BIM 
applications could be a possibility for building management, and could be used, for 
example, to run a facility more cost effective, or to improve the use of facilities and the 
working environment for its users (Sabol, 2013; Eastman, et al., 2011). As the 
maintenance and operation phases covers 80% of a buildings life-span (Devetakovic & 
Radojevic, 2007), any improvement to this phase, from either owner or user 
perspectives, could be seen as important. 

Despite the possible future applications of BIM within organizations and their systems, 
some authors are taking a more cautious stance. Against the more idealistic proponents 
of BIM implementation, some scholars mention the need for a careful implementation of 
BIM to the specifics of a certain organization, with its unique challenges. This is because 
such changes are complex, and covers changes in the organization and, knowledge of 
workers, and in the information system used. Implementations need to address unique 
conditions of all these areas in the organization. In line with this, a more incremental and 
local implementation are possibly a fruitful way forward for implementations (Howard, 
2015; Miettinen and Paavola, 2014). As technology does not function in and by itself, it 
would more preferably be used in conjunction with the specific circumstances of the 
organization. The critical issue is how technology, and knowledge of how to use it are 
combined in a purposeful way for the organization with its specific goals, values and 
challenges (McDermott, 1999). 

The ways buildings could be used with sensing devices, and especially how to work this 
into existing systems are far from understood. Only a few successful cases have been 
documented in systematic studies (Becerik-Gerber, et al., 2012; Miettinen & Paavola, 
2014). There is a need to know about ways to face the different challenges that arise with 
BIM implementation and use with different technologies and systems – one being the 
sensing devices of the recent IoT-expansion. 

Miettinen and Paavola (2014) suggest that rather than a standardized, all encompassing, 
way of using BIM in different organizations and buildings – a more local route could be 
beneficiary when implementing BIM and other technologies. Implementations would 
then be tried out under the specific local circumstances. They suggest that continuous on-
site implementations and evaluations are a way forward for successful use of BIM. 

This paves a way forward for the implementation and assessment of sensing devices with 
BIM at the office building of a medium sized company under study in this thesis. This is 
studied in a case study project, in which existing knowledge about BIM and sensor 
technology are implemented in a small scale implementation phase. This phase is 
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evaluated to pinpoint the challenges that emerge in the implementation of sensors with a 
BIM system under the case-specific circumstances.  

The perceived values of the above implementation are also studied at both a global and 
local level. At the more global level, perceived values are drawn from a literature review. 
Local values are gathered through interviews and/or a survey with local actors and 
experts. 

 

1.2. Purpose 
One purpose of this thesis is to review and explore the perceived values and the 
processes of integrating BIM and sensors, and how this could be applied to improve the 
building performance, as seen from the occupants’ perspective. The explorative phase is 
done at a medium sized office building of Tyréns AB. 

The other part of the purpose is to explore and apply ways in which BIM and sensors can 
be worked to communicate. This applied phase is done as a small scale implementation 
at Tyréns office building. The process of application with its opportunities and 
challenges that emerge during this phase are described. 

 

1.3. Research questions 
RQ1:   What are the perceived values for occupants when integrating BIM and sensors in 

the office buildings? 

RQ2: How can frameworks of BIM and sensor integration be conceptualized and 
implemented in order to improve the office building performance for occupants? 

 

1.4. Delimitation 
This thesis scope is limited to the few cases under study. Therefore, no general 
conclusion about BIM and sensor implementation on a larger, more general level, can be 
made. However, some site-specific and comparative conclusions about this application 
can follow from the results generated in this thesis. 

The thesis is also limited to the context of the culturally specific conditions of a Swedish 
company. Also, the special ownership setup at Tyréns is discussed at length in the thesis. 
The companies in this thesis are those that have shown an interest in IoT more broadly, 
and this could also be reflected in the results. The cases selected must by necessity use 
IoT, either from the construction phase and onward, or at least in the operations and 
maintenance phases of the buildings. 

When describing buildings in this thesis, the focus is on the office buildings and its 
occupants. This limits the descriptions made in this thesis, but it also makes it more 
specific. 
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The perspective taken in this thesis is from a usability standpoint. A process view of 
integration in a building’s facility management is taken as central for this study. The 
technical use is a part of the integration process within a company and its information 
systems and organizational structures. 

 

1.5. Disposition 
This thesis is presented in the form of seven chapters, followed by list of references, 
figures, tables and appendixes.  

Chapter 1 gives the reader the introductory part of the master thesis, which contains of 
background, research problem, purposes, research questions and the limitation of this 
study.  

Chapter 2 presents the research methods adopted in this study. First, the comprehensive 
literature review is used to conduct the published studies in the field of BIM and sensor 
applied in the building management area. Second, the case study included a small scaled 
implementation is carried out. 

Chapter 3 aims to describe the integration of two theories, named knowledge 
management and information system theory used in the thesis. It emphasizes the way to 
create and use knowledge of new types of information systems in developing area 
function.  

Chapter 4 provides the introduction to the general background of different technical 
concepts relating to the scale of this study, namely building performance, facility 
management, BIM, IoT and their relationship. This chapter also gives the insight of the 
conceptualized framework of BIM and sensor integration from some researchers and the 
perceived value of BIM and sensor applied in AECO field. 

Chapter 5 presents the empirical investigation divided into two distinctive phases. Phase 
1 is descriptive of the main case project where occupants are the building’s owner and a 
reference case project where occupants are the building’s tenant. This phase gives the 
insight into the integration of BIM and sensors from occupant’s viewpoints when they 
play slightly different roles to the building ownership. Phase 2 describes an 
implementation carried out at the main case project that is considered as an applied case. 
Furthermore, the data captured from that integration is also focused to analyze.  

Chapter 6 discusses the correlation of literatures and the empirical results in order to 
answer the two main research questions. It also provides the contribution of the thesis to 
both theory and practice. 

Chapter 7 presents the conclusion of the thesis and recommendation to both the industry 
and further studies.   
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2. RESEARCH METHODS 
2.1. Literature review 
For this thesis, a basic literature review (Machi & McEvoy, 2012) has been conducted. 
Machi & McEvoy, (2012) describe the literature review as a process for going from a 
broad personal interest to a more specific research problem. In this case, the process was 
going from a personal interest in BIM and IoT within facility management in the 
operation phase of a building, that was developed in interaction with actors at the 
company Tyréns. This is the organization that makes up the main case of this thesis. 
Literature review has therefore been used to develop both personal and industry ideas 
about BIM in relation to the research available and any under-researched areas. 

For critically reviewing the research (Saunders, et al., 2009), searches for BIM, IoT, 
sensors, sensing devices, building performance, occupants perspective and Facility 
management has been made in google scholar and other relevant databases. High-ranked 
journals, for instant Automaton in Construction and MIS Quarterly, have been given 
extended intra-journal searches. Conference papers are common within these fields, and 
the effort to prioritize the journals with high SJR-index is therefore a way of obtaining an 
inter-reviewer reliability to the literature cited. However, conference papers are by no 
means avoided, as they are a natural way of presenting research results within the field 
related to this thesis. 

The high quantity of conference papers relative to ranked journal papers could also be a 
reflection of this being a new field of study, where new ideas and results are tried and 
tested in conferences and workshops as works-in-progress, before publishing through a 
more rigorous review. Still, the papers of conferences referenced in this thesis have to 
the fullest extent possible been checked to contain some review-process before 
publication. 

 

2.2. Case study 
The case study is the descriptive 1st phase of the empirical part of the thesis. Another 
application is added as a 2nd phase where the knowledge from the case and descriptions 
are used for a small-scale implementation. 

Starting from Yins’ (1994, p. 13) now classic definition that a case study is: “an 
empirical inquiry that investigates a contemporary phenomenon within its real life 
context, especially when […] the boundaries between phenomenon and context are not 
clearly evident”. 

The main case of this thesis is Tyréns, that will be described within the context of the 
organization, and its connection to other actors and relevant organizations. The 
boundaries are probably even more fuzzy since when Yin first formulated this definition, 



  Huong Nguyen 
KTH Master’s thesis in Real estate and construction management 

“IoT and BIM integration to improve building performance from occupants’ perspective”  
   

12 
 

as organizations of today are globalized and networked among a distributed array of 
actors. I have tried to capture these complexities in the description of the cases. 

To further expand on the importance of context for this main case under study, a 
reference case of Mästerhuset has been added as this adds understanding about the 
relevance of context and case-specific considerations for making technological and 
organizational change possible. 

The units of analysis (Yin, 1994) is the process of BIM and sensor integration for FM, 
and the perceived values for doing so at the specific case-sites, as formulated by its most 
central actors. 

To produce a rich description of the cases, especially the main case at Tyréns a range of 
data-collection methods have been deployed during this phase. The observational 
method of this phase can most suitably be categorized as a form of participant 
observation (Hammersley & Atkinson, 1995), as I have had an office table at the 
company, participating in meetings, engaging in the company culture etc. 

To triangulate the data, and making the descriptions more accurate other main methods 
of data collection have been interviews with actors at the company and relevant actors 
related to the company and its use of sensors and BIM. Some of these have been done as 
formal interviews. Also, informal interviews have been used with the consent of the 
informants. 

A large quantity of other data sources has been gathered. These include: field notes, 
documentation, pictures, power point-slides, commercial publications, photographs, 
screenshots of intra-system setups, audio-recordings etc. 

 

Implementation 
The main case study at Tyréns and the reference case analysis with Mästerhuset lays the 
groundwork for an implementation phase, called Phase 2, the reason for dividing the 
empirical study into two phases is based on the different characteristics of descriptive 
and applied research. It also follows chronologically, for a description of the information 
system and organization at Tyréns is needed for knowing what and where to install and 
implement the sensors. 

This phase has been labeled as a “small scale implementation”. The reason for this term 
is to point to the rather isolated implementation, and not yet iterative character of this 
method. Also the number of practitioners involved in the implementation are few. This 
can be contrasted to action research projects where larger part of an organizations actors 
can be involved in change projects (Saunders, et al., 2009, pp. 147-148). This phase is 
however inspired by action research. Likewise, the method is not controlled enough to be 
termed a quasi-experiment. 
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The groundwork for the implementation is firstly the description of Tyréns organization 
and information system. To gather insight into the end-users’ perceptions about their 
working environment a survey was sent out to all 380 relevant end-users, that returned 
226 responses. A dissatisfaction with air quality and temperature in the meeting rooms is 
the main reason for an implementation of carbon dioxide and temperature sensors. 

The results from the survey pointed to the suitability of integrating CO2 and temperature 
sensors into one of the meeting rooms. The setup is described in detail in the analysis. 
Data was gathered and synchronized with time-stamped notes from structured 
observations of attendance to the meetings. With this, the correlations between 
attendance and CO2 or temperature can be pointed out. 

 

2.3. Research ethics 
Ethical principles following the rules and guidelines of the Swedish research council 
(CODEX, 2016) has been followed. With this, all informants and respondents have been 
informed and consented to be included with their names in the thesis project. Also, 
whether to explicate the company names has been another question to consider. Since the 
companies have consented to use their names, and the company-specific character of this 
thesis could be of relevance to those in them, the choice to write out the company names 
has been taken. 

Also any documentation and pictures appearing in the thesis have been consented for use 
by responsible actors at respective company. This has the consequence that some 
material could not be included in the final thesis in order to keep a high research ethical 
standard. 
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3. THEORY 
This chapter is going to describe the theoretical framework used within this thesis. There 
are two theories, named knowledge management and information systems theory, that 
are described in this chapter. Combining these traditions creates a framework for 
understanding not only the role of technology within a system, but also the data 
generated and how this is transformed into usable and meaningful knowledge. 

 

3.1. Knowledge management 
Knowledge management builds on the assumption that “the most vital resource of 
today’s enterprise is the collective knowledge residing in the minds of an organization’s 
employees, customers, and vendors” (Becerra-Fernandez & Irma Sabherwal, 2014, p. 4). 
A useful separation within knowledge management is between explicit and tacit 
knowledge. 

• Explicit knowledge is knowledge that can be expressed in linguistic or 
numerical terms, most commonly through books, manuals, documents etc. 
(Becerra-Fernandez & Sabherwal, 2014). 

• Tacit knowledge is knowledge that is gathered by the individual experience 
of long terms engagement with a field. This could be bodily knowledge of 
machinery. But also an expert sensitivity within a field, that is not easily 
explicated (Becerra-Fernandez & Irma Sabherwal, 2014). 

In context of technological understanding, Becerra-Fernandez & Sabherwal (2014) 
describe three types of knowledge relevant for technological understanding as following: 

• Technically specific knowledge. That includes knowledge about the specific 
tools and techniques used. 

• Context-specific knowledge. About the situational relevant circumstances. 

• Context-and-technology-specific knowledge. This is knowledge appropriate 
and applicable both for the specific context at hand and how to use the 
relevant technology within it. 

This is an important taxonomy of knowledge for new implementations of technology in 
systems. Because new ways of using a new technology is steadily being developed. How 
these technologies will be implemented into particular cases is of relevance as well.  

To further highlight the user and organizational perspective of this thesis, a knowledge 
management model including data, information, knowledge and wisdom is used. First, 
knowledge management puts a distinction between data, information and knowledge. 
Knowledge is defined as useful and meaningful types of knowing, and this separates it 
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Figure 1 - The hierarchical DIKW pyramid (from Rowley, 2007, p. 164) & Descriptions from Bierly et al. (2000, p. 598). 

from data or information (Parsanezhad, 2015, p. 720). A popular way is to hierarchically 
visualize these levels as a pyramid, with definitions from Bierly, Kessler & Christensen 
(2000) added in Figure 1. 

 
  
 
 

 

     

 
 

Following the DIKW pyramid, knowledge is the deep understanding of the meaningful 
data in information level. It is enable to reflect the meaning of information, which will be 
used to increase the effectiveness of useful knowledge in following layer, wisdom. 
Second, the concept of wisdom is used to highlight knowledge that is usable and goal 
directed toward a common or individual good (Bierly, et al., 2000). 

The two concepts, knowledge and wisdom, are the most applicable to this thesis end-user 
and organizational view. The use of these two concepts would facilitate the 
transformation of tacit knowledge to explicit knowledge where the knowledge is used to 
achieve the goals by making decision and spreading out to the organization. In other 
words, knowledge is the vital level for the understanding of information transforming in 
order to create values. 

 

3.2. Information system theory 
Information system theory is applied, according to Avison and Fitzgerald (1995, p. 6) for 
“the effective design, delivery, use and impact of information technology in 
organizations and society”. What distinct Information System Theories from other 
theoretical frameworks are the centrality of artifacts, such as information technologies 
for the understanding of the phenomenon studied (Gregor, 2002).  

Swanson (1994) described that the innovation of an information system is an 
organizational achievement in both incorporating new technology, information and most 
often changes to the organization to underpin these changes. Swanson (1994, p. 1080) 
classified types 2 innovations where administrative tasks are supported. Then the author 
described the innovation type 3 as when “information technology and administration is 
fused with the core technology of the business”. 

Rubenstein-Montano et al. (2001) stressed the importance of embedding knowledge 
management with systems theory, to see the knowledge and its uses within the wider 
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systems that also consist of the business, people, management and learning, in short all 
aspects of organizational culture. Alavi and Leidner (2001) pointed to both the benefits 
and challenges of using relevant knowledge in organization, however in some cases the 
technology may supplement knowledge of individuals and groups in the company. They 
also viewed knowledge as distributed among individuals, groups, and the technological 
structures available at a specific company. 

 

3.3. Operationalization 
Knowledge management is about understanding of how knowledge is usable to spread 
and implement in organizations. Information systems theories could be helpful in 
describing how a new technology, here the sensors, BIM, are operated in an 
organization. The combination of these frameworks, could be fruitful, because the 
sensors offers a new, and not fully understood technology. Thus, the installing of the 
technologies, here the sensors themselves are depended upon the emerging knowledge 
about this technology, and how it can and could be used with existing systems such as 
BIM, and how this could possibly support facility management in new ways. As the 
adaption of sensors would gather different kinds of basic data and information with BIM 
technologies, the key point of knowledge management is how this data would be 
transformed into useful and actionable knowledge, or more appropriately – wisdom. 
Insights about how this data can and could be transformed and applied within 
organizations and their information systems with specific artefactual setups – could be 
used in order to facilitate the building performance for end-users. 

Starting from this combination between knowledge management and information 
systems theory, it is possible to further understand how the technological artifacts work 
within a system composed of BIM and sensors. And furthermore, how these data could 
be transformed in a system that would optimize the indoor environment for people when 
using the building. 
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4. FUNDAMENTAL CONCEPTS 
This chapter discuses concepts of building performance, facility management, BIM, 
sensor network and topics that constitute the integration of BIM and sensors regarding 
to perceived value and the conceptualized frameworks of this integration. 

 

4.1. Building performance  
4.1.1. Definition and concept 
In general, performance of a thing is the measurement of an activity within a process or 
the output of a process in order to reach a particular objective (Hronec, 1993). 
Performance of a building is measured by the performance of all attributes and 
functionalities of that building. Due to the long time lifespan and the large amount of 
money for erecting and operating a building, the need to have a high building 
performance arises following from the crucial role of buildings’ existence in 
environmental, economic, societal, functional, cultural, and legal aspects (Cahill, et al., 
2012; Douglas, 1996). And a high performing and useable building is a key business 
factor for most different stakeholders like architect, contractor, facility manager, owner 
and end-user but from different perspectives.  

High building performance definition was formulated in the public law, Energy Policy 
Act of 2005 (EPACT, 2005), in the United States as “a building integrates and optimizes 
all major high-performance building attributes, including energy efficiency, durability, 
life-cycle performance and occupant productivity”. Energy efficiency implies the lower 
energy consumption or the amount of energy that could be saved while durability and 
lifecycle performance represent the long life of the building and how well utilization of 
the building is (Douglas, 1996). Occupant productivity is especially considered more 
essential in the context of commercial or office buildings where people implement their 
tasks within different production processes.  

 

4.1.2. Building performance assessment 
In term of building performance evaluation, Post occupant evaluation (POE) is a process 
model that is used to measure the performance of the building, which focuses on 
occupants’ feedback on the building’s utilization (Preiser & Vischer, 2005). 

Primarily focusing on occupants’ satisfaction of the building performance, POE is 
carried out to evaluate the building after it has been run for a period of time. Cooper 
(2001) emphasized the importance of measuring occupants’ satisfaction due to the fact 
that users’ satisfaction plays as a crucial key performance indicator (KPI) to evaluate the 
performance of the whole building and facilities in particular.  
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Furthermore, with the end-users’ experience of the building, some systematic problems 
of building’s facilities could be revealed which were created in the design or 
construction phase by architects/ engineers when not taking users’ perspective into 
consideration. Therefore, occupant satisfaction is able to improve the operation and 
maintenance of the building more effectively and efficiently (Preiser & Vischer, 2005).   

A current view about POE is also to cover technical performance, financial performance 
and the influence of the building performance on the occupants’ living or working 
conditions apart from their satisfaction (Ozturk, et al., 2012). 

A POE will not be carried out in this thesis. However, the part of that dealing the end-
users’ perceived satisfaction will be focused on. 

 

4.1.3. Building performance from occupant perspectives 
Different attributes’ performance is probably required from different perspectives of 
different stakeholders. In this context, stakeholders are divided in four main groups: 
Building delivery team, building facility management team, building occupant (Mayouf, 
et al., 2014), the fourth main group which will be added for this thesis purpose is the 
building owner. 

• Building delivery team: project manager, architect, contractor, etc.  
• Building facility management team: building service supervisors, Facility 

manager, etc.  
• Building occupant: end-users (Mayouf, et al., 2014). 
• Building owner: owner. In case the owner used the building, they will play as 

the building occupant’s role as well. 

While building delivery team, building facility management team and building owner 
focus on the physical performance of building facilities, building occupant’s need mainly 
focus on the condition of the indoor environment which allow them to implement their 
jobs in the most comfortable way both physically and mentally (Mayouf, et al., 2014).  

Building’s occupants who feel comfortable also tend to perceive that they are healthy 
and productive at work. Three aspects namely health, comfort and productivity are 
emphasized in a way so that they are interrelated in building occupants’ satisfaction. 
Also the respect for occupants’ voices, and feedback on their opinions are of importance 
for their satisfaction with the working environment (Leaman & Bordass, 2001). In other 
words, the occupants’ working productivity are optimal when their perceptions about 
their comfort are taken into measure for their set comfort zone. 

The comfortable condition for the indoor climate to building-users is understood as the 
comfort zone which consists of several indoor environmental categories as acoustics, 
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lighting, temperature, humidity, air quality (i.e. carbon dioxide – CO2), cleaning, 
maintenance etc. (Huizenga, et al., 2006).  

In this context, two factors of indoor climate are focused for more details. They are 
temperature and carbon dioxide (CO2). Temperature (Celsius degree/ ˚C degree) is an 
indicator of heating/ cooling system while CO2 (parts per million/ ppm) is an indicator 
of ventilation system. CO2 is also considered as a direct pollutant of air quality. 

CO2 concentration level (ppm), an indicator of air quality of indoor climate, has been 
pointed out that CO2 brings the negative and direct influence to the cognition and 
decision-making performance of buildings’ occupants in a Harvard-based experimental 
study. Allen et al. (2015) from Harvard school of public health correlated a heightened 
CO2 level in a controlled office space, with decreased cognitive functioning in several 
cognitive domains. As illustrated in Figure 2 – Cognitive function and decision-making 
indicators include basic activity, information usage, and strategic thinking – domains 
relevant to the office worker, the analysis showed that on an average 400 ppm increase 
in CO2 level resulted in 21% drop in cognitive function among three levels of CO2: 
550ppm (a bit higher than the outdoor CO2 level); 945 ppm (common office indoor CO2 
level) and 1400 ppm (a high, but common, office indoor level for 8-hour-weighted 
average CO2 level).  

 

 
Figure 2 - Graphs describing effects of CO2 on basic activity, information use and strategic thinking. Vertical axis: 

average cognitive score. Horizontal axis: CO2 levels (Allen et al. 2015, p. 32). 

 
Another factor is elevated temperature level (˚C degree). A slight raise from 22˚C to 
24˚C degrees has been shown to have a negative effect when persons performed complex 
cognitive tasks, such as reasoning and planning ability, especially when exposed for 
longer durations of elevated temperature (Zhang & de Dear, 2016).  

The CO2 and temperature factors are considered as major parameters that connects the 
physical office environment with the productivity and well-being of the occupant. The 
CO2 and temperature levels are possible to manage in an office building, for example by 
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automated control systems steering ventilation, heating and air conditioning systems 
(HVAC). Following this, the perceived air quality and the perceptions about meeting 
room temperature will be assessed in the later survey in the Phase 2 implementation of 
this thesis, and the CO2 concentration and temperature level will be measured by sensors 
before being analyzed in the implementation stage. 

 
4.2. Facility management (FM) 
4.2.1. Definition and concept 
There are several ways of defining Facility management. In one way, FM is stated as an 
integrated approach to operating, maintaining, improving and adapting the buildings and 
infrastructure of an organization in order to create an environment that supports the 
primary objectives of that organization (Atkin & Brooks, 2000). This definition has also 
been applied for the specifics of office buildings, where perceived satisfaction of its 
users are taken as a prerequisite for supporting the organizations’ business objectives 
(Sindhu & Gidado, 2014). 

In another way, according to the world’s largest professional facility management 
organization, IFMA, facility management is viewed as a profession managing the 
building performance by integrating people, place, process and technology to ensure 
functionalities of the built environment (IFMA, 2016).  

These definitions illustrated the similar principle as the management of interaction 
between all the facilities’ performance of physical environment and humans in order to 
improve individual productivity and organizational effectiveness (Sindhu & Gidado, 
2014). 

 

4.2.2. Soft and hard facility management categories 
Typically, FM is usually divided into two categories services, soft FM service and hard 
FM service (IFMA, 2016; Arayici, et al., 2012). These FM services are divided to 
facilitate the working processes of FM companies who take care of facilities in the 
building. It is also convenient for occupants who use the building’s facilities due to the 
different specialized FM companies for soft service and hard service. The categories 
include maintenance services listed: 

• Soft facility management services: Space management; Reception, Cleaning, 
Security, Waste disposal, Recycling, Ground maintenance, Internal plants, 
etc. 

• Hard facility management services: Mechanical and Engineering; Heating, 
ventilation & air conditioning (HVAC); Plumbing & drainage, Elevator & 
escalator, etc. (IFMA, 2016; Arayici, et al., 2012). 
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In other words, it is possible to say that Hard FM services are the service for facilities 
related to maintenance activities of physical and/or structural building fabric which are 
hard to be moved from the building. The management of hard facilities works to 
guarantees the functionalities of the building run as effectively and efficiently as they are 
designed for, whereas Soft FM services take care of the environmental aspects in the 
building’s operation which fulfills the comfort of occupants when using the building. It 
implies also that soft FM team is the one who interacts more directly with the building’s 
occupants through some services such as reception, office services compared to the hard 
FM team. 

Due to the boundary between Soft FM and Hard FM mentioned above, these two 
services are usually managed by two different organizations. Therefore, soft FM and 
hard FM activities are needed to cooperate accordingly in operation and maintenance 
phase in order to deliver the sufficient performance of the building for users. 

 

4.3. Building performance & Facility management relationship 
The relationship between building performance and facility management was depicted as 
a linear pattern in the Figure 3 below by Douglas (1996). It implies simply that the 
higher performance of facilities, the better performance of the whole building.  

Throughout a lifecycle, due to some external factors as weather condition and internal 
factors as inadequate maintenance, the performance of any building decrease by time. 
However, if the facilities perform as well as they are desired, that will support efficiently 
to slow down the reduction of the building performance. Therefore, the building 
performance is able to expand over the longer period of time than itself natural 
diminishing with the better building facilities’ performance. 

 
Figure 3 - Relationship between building performance and facility management (Douglas, 1996, p. 26). 

O’Doneell (2013) also pointed out that inaccurate of building performance evaluation in 
the early design stage is one of the root causes which contributes to the insufficient 
performance of the building in operation phase. It emphasizes the important to consider 
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carefully facilities management assessment into the very early stage of a building project 
development in order to deliver a high building performance later.  

 

4.4. BIM 

4.4.1. Definition and concept 
The acronym BIM has been used in several ways according to different contexts of use. 
It can stand for building information model, stressing the data object. More commonly it 
is has come to stand for building information modeling, to highlight the active 
involvement of humans in the process (Eastman et al., 2011). Recently, industry actors 
and researchers have begun to describe BIM as building information management to 
further extend the argument about how BIM is reshaping organizations and their 
practices, and to underline that BIM is used throughout the lifecycle of a building and its 
phases (Becerik-Gerber & Kensek, 2010). The broader principle of building information 
modelling/ management is adopted for this thesis. 

 

4.4.2. BIM maturity levels 
BIM Alliance Sweden is a non-profit organization first created by merging of three 
unions, named the former organization OpenBIM, buildingSMART Sweden and Facility 
management information, in order to develop common strategies processes, methods and 
tools for BIM-implementation, management and development. Since the initiative started 
over 170 companies have joined this alliance (BIM-alliance, 2016).  

One of the developments that has grown out of the alliance is the appropriation of Bew 
& Richards (2008) four levels of BIM-maturation (Figure 4) to Swedish conditions. 
According to the BIM-alliance (BIM-alliance, 2014, p.4) level 0 is when CAD drawings 
are printed to be used as a main analog document of buildings. 95% of users’ drawings 
are not coordinated, and approximately 25% have to be reworked. The level 1 is when 
computer files are mainly used, either as 2D or 3D models, however, at level 1 these 
models cannot handle object information and cannot operate with other systems. 
Management of files is isolated and not integrated into a facility management system. 

At level 2 the system uses information in object-based models, and it has some 
interoperability. Building related information and attributes can be used by the facility 
companies. 

The level 3 covers a future scenario where standardized information models are used 
throughout the buildings life-cycle, and support systems in the organizations practices. 
Information are supplied in open databases and are connected through web-applications. 
Bew & Richards (2008) estimate a possible 2% increase in profit through less risk and 
improved collaborative processes. 
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Figure 4 - BIM maturational levels (from Bew & Richards, 2008). 

The estimation of the BIM-alliance in 2014 was that most of the management in Sweden 
was at level 0 or 1 (BIM-alliance, 2014). 

One of the companies working within the BIM-alliance to develop the common 
strategies is Tyréns (Malm, 2016). In the case study it will be described how Tyréns in 
many ways are trying to reach the level 3 of BIM-maturity, as their pilot project with 
sensors addresses integration at this level. Tyréns has its own BIM-department and can 
be placed in the context of BIM-development in Swedish organizations as being at the 
forefront, actively working towards their own and a common development of BIM in 
Sweden. 

 

4.4.3. BIM application with FM 
There are the several possibilities in incorporating BIM with FM-practices outlined by 
Eastman et al. (2011, p. 151): 

“Owners can realize significant benefits on projects by using BIM 
processes and tools to streamline the delivery of higher quality and better 
performing buildings. BIM facilitates collaboration between project 
participants, reducing errors and field changes and leading to a more 
efficient and reliable delivery process that reduces project time and cost.” 

Looking at a facility lifecycle illustrated in Figure 5 below, the operation phase covers 
the majority part of the costs and life-cycle of a facility 20 plus years while the design 
and construction phases just cover only 1-5 years. It is clear to see the benefits of 
adopting BIM into FM which significantly increases the value of facility documentation 
compared to the traditional way without BIM. Becerik-Gerber, et al., (2012) pointed out 
that in spite of the additional cost for owner when leveraging BIM in the first stages 
(design, construction), the final model has the potential to reduce owner’s operation and 
maintenance costs. 
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Figure 5- Value change of facility when adopting BIM with FM (Eastman et al. 2011, p. 153). 

Owners are as such increasingly adopting the role as change agents with respect to 
facilities. The positive changes that BIM implementation may include are vast, according 
to Eastman et al. (2011, chap. 4), based on the handful of reviewed cases in their 
Handbook. The authors foresee an increased performance of buildings through energy 
savings, a reduced financial risk through earlier and more accurate financial assessment, 
a finer-tuned schedule, more reliable cost-estimations through automatization, and an 
optimized facility management and maintenance by updated information of the building 
and its life-cycle added to the BIM-system. 

 

4.4.4. BIM data standards for FM 
With the emergence of BIM to FM, all the collected building information throughout the 
building lifecycle is stored, further on that information can be given the access to all the 
participating members (Kiviniemi, Tarandi, Karlshøj, Bell & Karud, 2008). Based on 
that, building data models supporting product life cycle support is an important activity 
when approaching building information management (Tarandi, 2012). The two most 
popular data models are IFCs and CoBie. These models are described below: 

a. Industry Foundation Class (IFC) 

Starting from the fact that different consultant firms uses variety of software or 
applications for project planning, designing and engineering, there are many 
problems emerging when exchanging information due to lack of interoperability. 

IFC is created and maintained as an international data standard for semantic 
building models by buildingSMART, an international organization promoting 
open data standards for civil infrastructure and buildings, which was approved as 
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ISO 16739 standard (buildingSMART, 2016). IFC contains not only a set of 
object classes with geometrical properties but also the relationship and 
regulations among them. IFC is the most mature and neutral standard which has 
been implemented in a wide range of software applications (Froese, 2003; Wang, 
et al., 2013). With the capability of IFC exporting accurate and full building 
information from BIM models produced during design and construction phases, 
IFC-compliant data initially meet the basic requirement of building modelling use 
in FM (Parsanezhad & Tarandi, 2013).  

b. Construction operation building information exchange (CoBie)  

Based on IFC, the CoBie initiative was developed in 2006 with the aim of 
solving the interoperability problem for regulating FM-specific data provision 
requirement by the U.S. Army Corps of Engineers (Young et al., 2008; Eastman 
et al., 2012). CoBie delivers all the building information required by specific 
project participating members during design, construction and commissioning 
(Eastman, 2011) without the neutral format and geometry-based building models 
as being available in IFC (Tarandi, 2012). 

 

4.5. Internet of Things (IoT) 
4.5.1. Definition and concept 
Simply, Internet of Things is realized when physical objects in our lives are connected 
into information systems which could be used to facilitate people’s daily activities. IoT 
has capabilities which, according to some commentators and researchers, may come to 
have radical implications to the world we live in. One of these capabilities comes with 
the ubiquity of Internet and through the use of sensors to embed objects to systems 
which facilitate the communication between people and networks of devices (Xia, et al., 
2012). Atzori, et al., (2010) defined IoT in an overview survey, as the combination of 
three paradigms (as visualized in Figure 6):  

• Internet-oriented (middleware) 
• Thing-oriented (sensors) 
• Semantic-oriented (knowledge) 
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Figure 6 - Internet of things (Atzori et al., 2010, p.2789) 

 
With a more user-centric and visionary description, IoT is identified as interconnection 
of sensors and actuators providing the ability to collect and analyze data, then represent 
and share information across platforms through a unified framework for supporting the 
creation of further innovative applications (Gubbi, et al., 2013).  

 

4.5.2. Sensor networks  
In this thesis, the artifact studied within the internet of things is sensors contained within 
sensor networks that will be described below. 

Sensors are devices which has the capability to measure various parameters in the 
physical world, for example pressure, temperature, humidity, carbon-dioxide, lux level, 
movement, water, gas, electricity meter readings (Gökçe, et al., 2009). Traditionally, 
sensors relied on wired connection like using USB cables which are not flexible for 
sensor placing positions. With the wireless technology, the emergence of wireless sensor 
network (WSN) has benefited to the users as flexibility and cost-efficiency in 
comparison to wired installation (Malatras, et al., 2008). Underwood & Isikdag (2011) 
see a potential future of WSN when expanding the use of BIM throughout a buildings 
life-cycle. 

The emergence of WSN has facilitated the connection between the physical world and 
the digital by making the large number of tiny sensors connected to each other by 
wireless protocols (Malatras, et al., 2008). Using wireless communication, WSN is 
defined as a web of distributed autonomous sensing devices that sense, measure and 
collect information in the physical environment (Gökçe, et al., 2009).   
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4.5.2.1. WSN Components 
WSN is composed by two type of devices: wireless sensors nodes and gateways (Figure 
8). 

• The core of the sensor network, called sensor node, is typically created by six 
main components: processor, sensors, communications radio, power supply, 
memory and actuators (Yick, et al., 2008). There are several sensor nodes 
connected to the gateway in a sensor network. 

• The gateways have the function to coordinate several sensor nodes, gather the 
information collected by the nodes, temporary store and transmit the information. 
The gateway work as a bridge that connect sensor network to the external system.  

 
Figure 7 - WSN deployment architecture (Malatras et al., 2008, p.502). 

 

4.5.2.2. Comparison of wireless and wired sensors network 
WSN brings several advantages compared to wired sensor networks, that might be 
reasons for the more widespread adoption of WSNs, especially in building management. 
However, when comparing to the traditional way in detail, wired network, WSN still 
embodies some drawbacks (Malatras et al., 2008; Li & Becerik-Gerber, 2010; Kaur & 
Monga, 2014);  

Table 1 - Comparison between Wireless sensor network and Wired sensor network 

Characteristics Wireless sensor network Wired sensor network 

Infrastructure 
requirement 

No need of a fixed infrastructure 
when setting up the network 

Necessary for fixed 
infrastructure in order to 
install network 

Deployed cost More cost - efficient Less cost-efficient, due to 
cost for cabling 
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deployment and 
installation 

Configuration Quite easy with no cables. 
More complicated with 
cables connecting 
requirement to the network 

Mobility 

More flexible in positions to place 
sensors. Therefore, both 
deployments and removals are 
easier. 

Limited. 

Installation time Less time More time 

Speed Lower Higher 

Security 
Weaker, due to the access points 
are easily to be entered and got 
information 

Better 

Energy supply 

Power supply for WSN is limited. 
Due to given size constraints, the 
batteries normally cannot be large. 
It is required to change new battery 
periodically. 

Wired network guarantees 
for sustainable power 
supply for the sensor 
network working. 

  

 
4.6. Perceived values of BIM and sensor integration 
In the literature review no studies of direct effects for the occupant view of BIM and 
sensor integration were found. Therefore, the concept of the perceived values of BIM 
and sensor integration has been gathered based on literature describing the value of BIM 
in FM, and literature of values of sensor networks in building management. These are 
reviewed in the following sections. 

These concepts will be returned to in the discussion part where they are contrasted with 
the empirical results of perceived values from the case studies, in order to find out how 
these concepts can highlight values for occupants when integrating BIM and sensors in 
operating office buildings. 

 

4.6.1. Perceived values of adopting BIM in FM 
The seven main benefits of adopting BIM to FM were described based on two main 
investigative sources: Becerik-Gerber et al. (2012) and Sabol (2013). Becerik-Gerber et 
al. (2012) foregrounded the current implementation of BIM in the operations and 
maintenance phases to set example for further implementation and to draw out data sets 
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for resource planning based on both academia and the industry views. While Sabol 
(2013) explained general knowledge about BIM application and the emerging essential 
role of some new BIM technologies developed for FM.  

a. Locating building components 

  In order to implement problem detection and resolution in maintenance, FM 
personnel is usually needed to locate building components such as equipment, 
materials and finishes. This task is usually repetitive and consumes much time 
and efforts due to looking for them in paper-based drawings and blueprints. This 
conventional way, however, would not work efficiently in emergency cases or 
when new FM personnel are in need of information. With the adoption of BIM, 
FM personnel is able to not only to search, visualize, filter, highlight and use 
other functions in the 3D model to navigate the needed component but also 
display all information in its specifications and maintenance history. This helps to 
reduce the significant amount of cost for maintenance and also leads the FM 
works more productivity (Becerik-Gerber, et al., 2012). 

b. Facilitating real-time data access and display 

  The FM activities contain several different tasks which requires handling the 
huge amount of different building information from multiple databases. It is 
therefore urgent to have an immediate way to access the real-time data. With 
BIM models, the 3D graphical interface can show all the needed unified data of 
any chosen object from the FM system (Becerik-Gerber, Jazizadeh, Li & Calis, 
2012). Furthermore, Sabol (2013) stated that some of the most recently 
developed BIM benefits even have the capability to display the real-time data in 
3D geometry mode by the integration live sensors (lighting level, temperature 
zone coloring, etc.). 

c. Visualization 

  As mentioned above (section a. Locating building components), BIM is able to 
visualize the needed components apart from navigating its locations and track its 
attributes. It is possible when it comes to the space as well. In case of renovations 
this capability could be used for assessing appropriated construction methods 
(Becerik-Gerber, et al., 2012). With the fourth dimension, time, BIM could 
display the potential changes and tracking over time (4D BIM). Therefore, the 
work regarding to scheduling and sequencing could be facilitated efficiently for 
FM personnel’s (Sabol, 2013). 

d. Space management 

  Space management plays as an important role in both physical space utilization 
of the premises and in optimizing the working productivities and satisfaction of 
inhabitants (Steiner, 2005). BIM provides real-life 3D space layout visualization 
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and illustrates the relationship between spaces, which supports better for space 
management, communication of space assignments in post construction phase 
(with commissioning, operation and maintenance) (Sabol, 2013). 

e. Checking maintainability 

  The maintainability of a facility is the ability of optimizing performance while 
keeping the costs to a minimum through the buildings life-span. Possibilities 
emerge when BIM is used to merge data of dimensions and space, and when 
these are connected to the maintenance documents. Accessibility can also be 
increased when parts of the building in need of maintenance, or defect, are 
detected through BIM, an example of this is through virtual inspections. As data 
accumulates in so called historical BIM data it could be used for FM by 
providing a link between design, construction, and FM (Becerik-Gerber, et al., 
2012). 

f. Emergency management/security 

 The data stored in BIM can be used for security and in cases of emergency, for a 
range of causes such as natural disasters, epidemics, fires etc. (Becerik-Gerber, et 
al., 2012). The 3D representations of buildings and analyses of these can be used 
to take effective action in such situations (Sabol, 2013). Even before emergency 
personnel arrives, BIM could be used, for example in the case of locating a fire 
(Becerik-Gerber, et al., 2012). Here sensor integration with BIM could offer 
promising developments. 

g. Energy management 

  In Becerik-Gerber, et al., (2012) survey, their respondents were positive to future 
applications of BIM within management systems to lower energy consumption. 
One such possibility is by linking BIM with sensing devices for future real-time 
monitoring and further possible automatization. BIM could also allow users to 
see historical data, and to use this to create different what-if scenarios that could 
be tested.  

 

4.6.2. Benefits of WSNs application in Building management  
With the adoption of information communication technologies (ICTs), it is getting more 
frequent for emerging sensing technologies like sensors and sensor networks to be 
incorporated into the functionalities of the building, especially in the energy control and 
management fields (Lee, et al., 2013).  

WSNs are currently integrated in some existing building management systems (BMSs), 
which manage, control and adjust the functionalities of building systems and services 
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such as heating, ventilation and air conditioning (HVAC), security, electricity systems, 
lighting, access control, resource monitoring, etc (Malatras, et al., 2008). 

With the advantages of WSNs mentioned in prior 4.5.2.2 part, there are five main 
benefits of applying WSNs in building management described by Li & Becerik-Gerber 
(2010): 

a. Better facilities’ performance measurement: a WSN system could have the 
capabilities to measure performance of building facilities more detailed over time 
compared to the conventional way (using meters: thermometer or power meter) 
by collecting data of how well the facilities perform. 

b. Real-time data access: With this function, data captured from sensor networks is 
able to be accessed anytime by building management personnel. Therefore, it is 
possible to keep track the status of all building facilities. 

c. Providing occupant behaviors on using energy: Sensor data and energy 
consumption are correlated to understand the behavior of users and also the 
occupants’ physical needs that can be adjusted for time, seasons, etc. 

d. Problem diagnosis: Gathering data from sensors and occupants’ behavior in a 
certain area after a period of time enables to reveal some problematic issues of 
facilities, and how it may be negatively affected by occupant behavior and use. 

e. Automated energy control and management: The sensors data is also usable for 
Energy management system (EMS) which can automate and optimize the energy 
management. 

When these sensors are dispersed throughout the building, it could probably be more 
functional to in detail monitor the facilities in accordance with the changes of time, 
outside temperature and other exterior environment variation and physical comfort scale 
of occupants. 

 

4.7. Conceptualized frameworks of BIM and sensors integration 
Currently, for developing smart building, the integration of building information model 
and sensing devices has been researched more thoroughly, but only within the building 
energy management field. The value of these models are apparent from an energy saving 
and efficient energy management standpoint, which benefits the majority of owners and 
Facility Managers. A selection of these models will be presented and illustrated in this 
section, the concepts of these models will later be reworked in light of this thesis’ results, 
in order to incorporate an end-user perspective. 

The data integration from different building data sources including sensor network, BIM 
and other sources was illustrated in a conceptual study of multi-dimensional building 
performance data management by Ahmed, et al., (2009) (Figure 9). This data integration 
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is defined as the data warehouse. Data warehouse was created for not only storing data 
from different data sources of the building, but also integrating and analyzing those data 
to deliver actionable information, reports and data aggregation (Ahmed, et al., 2009). 

 
Figure 8 - Data integration - Data warehouse (Ahmed, et al., 2009, p.2) 

Based on the similar multi-dimensional data integration concept, Gökçe, et al., (2013) 
created an interoperable platform architecture in building energy management system 
that contains of three layers: data layer, information layer and tool layer (Figure 9).  

• Data layer consists of the data from sensor networks and 4D energy system 
design, energy simulation.  

• Information layer provides IFC building standard data model extracted from BIM 
with all stored specifications of building components, systems and sensors. 
Another input in this layer is the middleware, the bridge for connecting sensor 
network with the information management platform. Both data from sensor 
network and BIM are loaded and stored in the information management platform 
for integration all data (data warehouse).  

• The last layer, tool layer, is designed with two main functions for monitoring and 
smart controlling where the data integration is usable (Gökçe & Gökçe, 2013).  

 
Figure 9 -  Interoperable Energy management system Architecture (Gökçe & Gökçe, 2013, p.167). 
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In the same context, according to Wang, et al., (2013), environmental geo-spatial data 
(outdoor climate) and building occupancy information were also considered to adopt as 
two extra sources of data. However, the detail of both geo-spatial and occupancy 
information was just outlined without interpretation or clarification. They saw the 
inclusion of occupants’ behavior as area that further research can develop into 
conceptual frameworks like these. This will be a starting point for this thesis, as it takes 
the occupant-centric view.  

Moreover, in terms of energy management, the interest of the building owner is to 
manage energy consumption. Occupants – the ones who directly use facilities would 
rather prioritize their own user comfort than energy consumption. The operator tends to 
prefer a balance between energy consumption and the occupants’ comfort (Gökçe, et al., 
2009). The operator, however, usually have contractual regulations agreed with the 
owner, that could put the operation in an asymmetric power relation in favor of the 
owner. 

Conceptual frameworks of BIM and sensor integration to improve energy management 
systems in smart buildings, has been described. The frameworks will be rearranged and 
discussed later in the discussion part of this thesis for the purposes of developing these 
models as relevant for office building performance with the occupant-centric 
perspective.  

Other factors of users’ indoor working climate comfort could be added, such as 
perceived satisfaction with air quality and temperature factors that are relevant for the 
case study at Tyréns headquarter building. Those will be focal measurements for this 
thesis implementation.  
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5. FINDINGS AND ANALYSIS 
This chapter presents the empirical results of the studies that are part of this thesis. It is 
separated by two distinctive phases. Phase 1 is descriptive of two cases with different 
roles of building occupants: end-users are tenant in reference case and end-users are 
owner in main case. While Phase 2 is an applied case with the implementation at the 
main case. The analysis will be illustrated right after each phase description. 

 

5.1. Phase 1 - Descriptive 
This phase is going to give two descriptions of facility management for the indoor 
climate in two office buildings in Stockholm where the occupants play slightly different 
roles. Mästerhuset, an office building that the owner runs and rents out the office space 
and services professionally, is used as the reference case. It implies that tenants are the 
end-users who directly use the building’s facilities and services in this case. The main 
case is Tyréns headquarter building. An office building in which the owner is the one 
using their owned building facilities. 

 

5.1.1. Reference case – End-users are tenant 

5.1.1.1. General information  
Table 2 - Mästerhuset building specifications 

Specification Mästerhuset Note 

Owner Pembroke Real Estate www.pembrokere.com 
Facility manager Pembroke & Coor  
Location Mäster Samuelsgatan 21 Stockholm CBD 
Completed year 2015  
Gross floor area (GFA) 40,000 sqm  
Gross leasable area (GLA) 30,500 sqm  
GLA typical floor 3,500 sqm  
Total floors 11 floors  

Type of sensors Wired sensors Light (lux), noise (dB), 
temperature (C degree), 
humidity (%), CO2 (ppm), 
motion (presence) Number of sensors Approximately 2000 

sensors 

Drawing format  2-dimensional 
(AutoCAD file)  

Tool for climate control 
system 

FM system 
(SCADA Citect)  
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Building: Mästerhuset is a modern and sustainable office building which is certificated 
environmentally in accordance with the LEED certificate. The building is rented out with 
a guarantee to meet all the demands of tenants about the comfort zone of the indoor 
climate. This is to bring the requested comfort to the building’s occupant when working 
in the building.  

Owner/ Facility manager: Pembroke Real estate is an international real estate firm who 
both develops and professionally manages a large quantity of offices, residential and 
mix-used buildings in different cities. They have been managing approximately 709.000 
square meters over North America, Europe and Pacific Asia. With Mästerhuset, 
Pembroke is also taking the owner and facility manager role of the building. 

End-users: Tenants are different companies who rent the whole office floors or part of 
floor at Mästerhuset, such as Nordea bank and Delphi law firm.  

There are very clear requirements of indoor climate condition from tenants which are 
regulated in the renting agreements between tenants and owner. According to that, the 
owner/facility manager will monitor the building environment conditions in order to 
deliver the occupants’ indoor agreed levels of comfort. For example, to Nordea bank 
employees, the set point of temperature comfort zone for indoor temperature is 22 
degrees C during working time, with a fluctuation of 0.5 C degree; and the upper 
limitation of CO2 concentration is 1000 parts per million (ppm) (Sundholm, 2016).  

 

5.1.1.2. Wired sensors network 
There are two type of sensors collecting information: outdoor sensors and indoor sensors 
as below: 

• Outdoor- sensors are installed on the roof of the building with the purpose of 
capturing measurements of outdoor environment factors such as sunshine and 
wind flow from different sides of the building. These data are mainly used for 
steering the indoor environment accordingly after the outdoor weather conditions. 
One example might be the activation of blinders when lux from sunshine exceeds 
the contracted conditions. 

• Indoor sensors, as planned at the design phase of the building, are approximately 
2000 wired sensors embedded to the building objects on the ceilings strategically 
arranged. It is arranged so that the sensors systematically cover all space of the 
floor. With the aim of collecting indoor climate data, the factors captured are 
level of indoor lux, temperature, humidity, carbon dioxide and movement. All 
these factors are collected by only one type of sensor which is placed at each vent 
as seen in Figure 11. 
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Figure 10 - Indoor climate sensors embedded to vents on the ceilings Mästerhuset 

 

The wired sensor network in this building is based on the standardized principle, which 
consists of three main parts: sensors, sensor boxes (access points) and gateway (Figure 
11). Sensors boxes are connected to several sensors surrounding it, receiving the data 
and then sending data to the gateway where it is stored and integrated. One sensor covers 
certain area on the ceiling, for instance, every 6sqm of the ceiling for one sensor 
covering at the open office space on the second floor. In the closed room such as meeting 
rooms, it would be differently based on the different sizes of the rooms and the particular 
tenants (Sundholm, 2016). 

 

 
 

 

 

 

 

 

 

 

 

  

Gateway 

Box Box Box 

Sensors 
Box Sensors boxes 

Figure 11 - Wired sensor network at Mästerhuset 
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Other country	

....	

Figure 12 - Facility management organization at Mästerhuset 

5.1.1.3. Two-dimensional building model 
Mästerhuset, even though there had been a BIM model of this project in design and 
construction phase, when it came to the post-construction phase, the two-dimensional 
building model from an AutoCad file was used. From the source of building information, 
the 2D construction drawing was used and exported from the design phase to draw the 
graphics of each floor layout in the facility control system. Therefore, the layout 
interface of a typical office floors in Mästerhuset building is a 2D visualization. 

5.1.1.4. Tool 
As performing both the role of owner and facility manager, the tool used by Pembroke is 
a Supervisory control and data acquisition (SCADA) tool, named CitectSCADA. This 
monitoring system was programed to integrate and visualize the technical system of 
Mästerhuset as HVAC, pumping, electric power by a SCADA supplier named Trebor. In 
this system, the building layout interface in this controlling system provides the 2D 
visualization. 

5.1.1.5. Organization of Facility management  
 

 

 

 

 

 

 

 

                 : Internal relation 
                     : External relation   

 

 

Mästerhuset is one of four properties of Pembroke in Sweden, which is the first major 
project in Stockholm with the development at international standard of service and high 
technical specification. In conjunction with the international property management 
experience, Pembroke, the owner of Mästerhuset, also manage the building by 
themselves. Hard facility management service is managed by the Sweden property 
management team of Pembroke. The soft facility management service is provided by 
Coor Service Management, one of the most prestigious office-service-providers in the 
Nordic countries. Operating as a professional office building for rent to different 
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customers in the building, the hard and soft facility management teams are both always 
available during working hours in the building to handle instantly emergent situations.  

5.1.2. Main case – End-users are owner 
5.1.2.1. General information 

Table 3 - Tyréns building specifications 

Specification Tyréns headquarter Note 

Owner Tyréns Foundation  

Facility manager Einar Mattsson & Tyréns AB  

Location Peter Myndes backe 16 Stockholm CBD 

Completed year 1997  

Gross floor area (GFA) 9,500 sqm  

Gross leasable area (GLA) 7,500 sqm  

GLA typical floor 1,500 sqm  

Total floors 10 floors  

Type of sensors Wireless sensors Light, temperature, 
humidity, motion, electric 
plug. Number of sensors 1000 sensors 

Drawing format 3-dimensional (Revit file)  

Tool Viewer (Maint3D)  

 

Building: Tyréns headquarter building is located at the central business district (CBD) of 
Stockholm. This is a 10-storey building with one basement. There are 6 typical office 
floors (1st – 6th), two basements, one floor for conference rooms and the rooftop floor for 
technical area. There are some other internal meeting rooms in an alternating cubicles’ 
area within the 6-office-floors. In 2015, there was an installation of more than 1000 
sensors into Tyréns building, as a pilot project of applying BIM use and different 
applications in the operation phase. The goal of this project is to understand more parts 
of the building they have been using in their daily activities. The project has involved 
some partners in developing systems and hardware namely Yanzi network (sensors 
developer), SVS Innovations (Facilities management viewer – Maint3D), IBM (Maximo 
assess management), Microsoft (Power BI Analytics tool) (Bjälnes, 2016). 

Owner/Tenant: Legistively, the Tyréns headquarter building is owned by Tyréns 
Property AB (Tyréns Fastigheter) and tenant is Tyréns Consultant AB, which both 
belongs to Tyréns Foundation (Tyréns Stiftelse). However, the fact that Tyréns 
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Foundation only own one property, Tyréns headquarter building, makes it 
understandable that Tyréns Consultant AB in this case is the representative of both roles: 
tenant and owner (Malm, 2016). 

Tyréns Consultant AB (Tyréns) is a foundation-owned construction consulting company 
in the urban and rural development sector, mainly focused on planning and urban 
solutions in order to support the sustainability of the construction development. As one 
of Sweden leading consultants in BIM – Building Information Modelling, Tyréns would 
like to explore further the use of BIM in the post-construction phase of buildings’ 
lifecycle. Based on the well-developed IT infrastructure and IoT adoption, Tyréns 
decided to invest the development project applying on theirs headquarter building to 
demonstrate the benefits from integration of BIM and sensors in operating the building 
(Malm, 2016). 

 

5.1.2.2. Wireless sensors network (WSN) 
As mentioned above, there was a 1000- wireless-sensor-installation carried out within 
the Tyréns building in 2015. There are three different types of wireless sensors used in 
this installation, namely climate sensor (measuring temperature and humidity level), 
motion sensor (measuring the movement), and plugs (measuring and controlling energy 
consumption). 

Sensors were installed to the building by embedding sensors identity names (ID) to the 
building’s particular objects or spaces names (known as GUID – globally unique 
identifier) from IFC data through an install function on the viewer tool, Maint3D 
(Beversdorf, 2016).  

 
Figure 13 - Wireless sensor network at Tyrénss building (Yanzi presentation) 

The WSN contains three components: sensors, access points and a gateway (server) 
(figure 13). The access points have worked as the bridge to transfer the data from several 
sensors within its covered area to the server before loading and storing it to the Yanzi 
cloud through internet. Thanks to the wireless connection, these access points have 
capability to cover quite large space. In this case, on one floor, the access point could 
cover about 400 – 700 sqm depending on the obstacles like walls or other materials. 
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Figure 15 - IFC standard specification with geometric and semantic data 

There are 20 access points and more than 1000 sensors in total embedded at Tyréns 
building. These sensors are also enabled to transfer data to the access point on the floor 
through other closed wireless sensor. This makes the data transferring work more 
efficient.  

 

5.1.2.3. Three-dimensional building model 
With the purpose of developing the utilization of BIM in the post-construction phase in 
their owned headquarter building, as a pilot project, the Revit model (a BIM software 
format) of the building was used. The data standards, IFC and/or Cobie, are exported 
from this Revit model in order to import to the corresponding monitoring tools/ 
applications. The IFC format standard consists of all specifications of each object added 
with of geometric and semantic data (Malm, 2016 & Bjälnes, 2016) (Figure 14, 15). 

 
Figure 14 - Representing IFC data of the building on Maint3D 

 

            
In this 
model, all 
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the additional objects (e.g. furniture such as desks and chairs) were modelled to their real 
positions placing in each room of the building (Figure 15) before being exported to IFC 
or CoBie file. The purpose of this modification is to represent the position of these 
furniture in particular and the work spaces in general, in the actual building. Apart from 
that, modelling desks and chairs helps to know the singular rooms’ volume, relative to 
how many people it is designed for through visualization. In addition to this, it would 
facilitate the linking between sensors ID and building objects GUID. For example, 
motion sensors are embedded under tables in meeting rooms, personal desk or chairs to 
measure the movement and availability of people.  

 

5.1.2.4. Tool 
Maint3D:  

Maint 3D, a viewer application for Facility management and IoT, has been used in this 
pilot project to install and visualize the real time data captured from sensors on a 3-
dimensional model of the building in a BIM format. Connecting directly to the sensors’ 
supplier (Yanzi) cloud, Maint3D is able to represent the real-time data of indoor climate 
factors on its interface by coloring the floors following levels of environmental factors 
(figure 17). When it comes to space and object level, there are simple graph description 
reports to illustrate real-time data (Figure 16). This application is available to use not 
only on computer but also on mobile devices like smartphones and tablets, which is quite 
convenient for everyone without the complicated infrastructure requirement.  

 

Standard format IFC file imported to Maint3D through a server connected to the web-
based platform. Visualization is the crucial function of this tool. It allows to visualize the 
building at different levels - whole building, building split by floors, singular floor, space 

 Figure 16 -  Graph description reports at space/ object 
level – Tyréns headquarter 

Figure 17 - Visualization with coloring at floor level - 
Tyréns building 
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and objects modelled within the building (Figure 18 below). The limited information of 
the objects could be available for accessing through Maint3D.  

 
Object level 

 
Building split by floors 

 
Space level 

 
Floor level 

 
Whole building 

Figure 18 - Building hierarchal representation on Maint3D 

Furthermore, Maint3D has an add function to install sensors to the system directly on its 
interface. The sensors’ identities were entered by scanning sensors’ bar/ QR codes or 
type the sensors’ ID, then linked to chosen space or object. The function for uninstalling 
is also accessible to implement on this platform. According to Beversedoft (2016), the 
product director of Maint3D developer, installing sensors through Maint3D will not 
change the original IFC data of the building model. This implies that sensor in this case 
are not modelled to the building model as an object. The linking between the sensors ID 
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AutoDesk	Revit	

CoBie	exported	from	
Revit	

CoBie	imported		
into	Maximo	

3D	navigation	in	Maximo		
using	NavisWorks	Manage		

 

Figure 19 - BIM imported into Maximo (McKay, 2016) 

and building objects GUID will be used also for mapping sensors’ locations. It is also 
possible to modify sensors to the IFC building data as an IFC object, which requires a 
special tool for Maint3D in order to edit the model. However, Beversedoft (2016) also 
stated that sensors in this case should not be considered as the physical objects to be 
modified to the building model. 

 

Maximo Asset Management (Maximo): 

Maximo is a software product of IBM in operating, maintaining and disposing of 
enterprise assets. Maximo applied in Tyréns case is expected to manage all assets of this 
building with 3D model containing all objects’ information, which supports for 
managing work orders in operation and maintenance activities. To this aim, the CoBie 
data format is exported from the Revit model of Tyréns building before being imported 
to Maximo (McKay, 2016). 

  

Two way, 3D navigation in Maximo  
using NavisWorks Manage  
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5.1.2.5. Organization of Facility management  
In facility management terms, soft facilities of the building are taken care of by a 
department in Tyréns AB while a Facility management company, named Einar 
Mattssons Byggnads AB, is responsible for the hard facilities (Figure 20). 

                   : Internal relation 
                   : External relation   

                    : Collaborated relation 
Figure 20 – Facility management Organization of Tyréns headquarters’ building 

 
a. Soft Facilities  

The Office service Department, a department that belongs to the Regional East office 
(Stockholm) of Tyréns AB, is the one who takes responsibility for the services in Tyréns 
headquarter building. The mission of this department is to coordinate, streamline, 
develop and deliver service that support Tyréns core business. Services in this building is 
divided into two aspects: workplace and building (Brozin, 2016). Their respective 
functions are to: 

Workplace service:  

o Deliver the reception, mailroom and conference services; 

o Adjust the work process that ensure quality and efficiency from the incoming 
file and the final follow up; 
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Building service: 

o Ensure the care and maintenance of the building, in cooperation with the 
landlord (Tyréns Foundation) and external suppliers (Facility manager 
company – Einar Mattsson; Cleaning company, Security company, …) 

o Report faults in the building management 

o Care of the systematic fire protection work 

o Identify risks and anomalies in safety 

According to the mission and responsibilities, Office services has prioritized the five 
following aspects:  

o (1) Alarm;  

o (2) External visitors;  

o (3) Telephone answering;  

o (4) Tyréns employees;  

o (5) Suppliers 

b. Hard Facilities  

In this building, hard facilities are managed by a facility management company, Einar 
Mattsson (Hard facility manager). This company has the task of operating and 
maintaining ventilation, heating and air conditioning system of Tyréns building. Tac 
Vista is the building energy management system which is controlled by the hard facility 
manager. In term of temperature and CO2 indoor climate factors, there are only wired 
sensors as meter for measuring the temperature of intake air and exhaust air of the air 
flow within Tyréns building but CO2. Hard facility manager has been cooperating to 
Soft facility manager of Tyréns (Office service department) in order to fulfill sufficiently 
the managing facilities of Tyréns building. There is a documentation between Soft and 
Hard facility manager of the building to regulate the responsibilities and tasks of each 
side for their cooperation. Whenever Hard facility manager receives the complains about 
the hard facilities in Tyréns building from Soft facility manager, they will send Hard 
facility management personnel to come for taking care of the facilities (Unger, 2016).   

 

5.1.2.6. The value of BIM and sensor integration for Tyréns 
As known as the pilot project, the integration of BIM and IoT (sensors in this context) 
has been implementing at Tyréns headquarter building currently. When interviewing Per 
Bjälnes and Linus Malm at the BIM department, who take responsibilities of running this 
project, it is evident that they have seen several promising areas of future BIM and 
sensor application in the building operation phase. However, there were also many of the 
challenges due to that new field.  
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They explain that at Tyréns the special ownership situation makes a focus on utilization 
of the building possible from an end-user perspective. They also envision buildings that 
are built for functionality, with the end-user in mind. Smart buildings are a way to 
develop these, what he terms “build the function” (Bjälnes, 2016). Actually, Tyréns are 
developing quite fast which requires more spaces for the new recruited employees. It 
leads to the shortage of office space both with personal workplace and public space like 
meeting rooms. Therefore, it is urgent for Tyréns to operate the building more effectively 
and efficiently  

Below are some of the possible values extracted from interviews with some people at 
Tyréns. 

With sensors such as motions, they are used for detecting how many people are currently 
in the room or whether people are available at the personal workplaces. If this 
information could be connected to the room booking system, so that unoccupied rooms 
can be booked (Bjälnes, 2016). This is the best ways to optimize the utilization of office 
space. By gathering information and presenting it on the 3D building model from BIM 
through a viewer, occupants will easily find the free rooms to book instead of going 
around the building and check (Malm, 2016). 

At Tyréns, there are many people from other regions coming to Tyréns headquarter 
building for working, which is needed to arrange the workplaces temporarily for them in 
couples of days. The office service department (Soft facility manager of Tyréns) is the 
one who takes responsibilities to organize the workplaces for these people. With the 
integration of BIM and sensors, the space management and emergency management will 
be facilitated to organize workplaces conveniently for Office service personnel (Brozin, 
2016). 

Some other sensors can measure the indoor climate factors (temperature, lighting, noise, 
etc) of the building which support the individuals to be able to have their preferences at 
their workplaces by visualization at real-time on a viewer application (Malm, 2016).  

Actually, the BMS of Tyréns building has its own sensors. However, it does not work 
efficient as it should be. Therefore, if this integration was able to somehow connect to 
the BMS and BMS’s sensors data, the facilities would be possible to steer automatically 
and effectively for occupants’ preference at the time (Bjälnes, 2016). In other words, this 
will facilitate the BMS work and also the FM activities.   
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5.1.3. Analysis of Phase 1 

5.1.3.1. Mästerhuset – Reference case 
Advantages for occupants: 

• Occupants in this case, tenants, have the possibility to require a particular set 
point for the indoor climate which they feel generally comfortable the most to 
work in the building. These requirements are regulated in the renting contract 
with the owner/facility manager. That means end-users will always stay in the set 
comfort zone as contracted. 

• Occupants do not have to worry about increased energy cost based on their 
indoor climate requirements, this is because the energy consumption fee is fixed, 
and included in the renting contract. 

• There is availability of facility manager/ personnel in the building all the time, so 
occupants will find it convenient to contact them whenever their indoor climate 
factors are not met as their contractual agreement.  

Disadvantages for occupants: 

• The sensors data are not managed by the end-users but the facility manager/ 
owner. Even though the occupants at Mästerhuset are able to require the sensors 
data of their rented area, there is difficult for them to be able to view the data in 
real- time.  

• Due to the fact that sensor data is presented on the interface of the facility 
systems control, which is managed by the facility managers, occupants are only 
able to see the data on a traditional file format (i.e. excel) after exporting it from 
the system. 

• All the facilities are monitored by the facility manager. So there is no remote 
control in singular rooms for end-users to change temperature or air by 
themselves instantly as they want. They have to contact the facility manager in 
order to report, complain or adjust these indoor climate factors.  

• The particular set point for indoor climate factors, which end-users had required, 
might not be comfortable for every single person. This is because each person 
may not have exactly the same physical comfort zone regarding indoor climate. 
For example, someone feels the best in 22 degrees while others prefer colder or 
even warmer. 
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5.1.3.2. Tyréns headquarter building – Main case 
Advantages of occupants: 

• Playing both roles as end-users and owner, Tyréns has possession of all sensors 
data which is used for visualization in real time, reports and analytic activities 
with historic data. 

• Visualization of sensors data in real-time presenting on an 3D building model 
view is another major advantage, which becomes beneficial for individuals. 
Individuals are able to seek a room which meet their personal preferences 
through this visualization. It also supports Tyréns in the building operating 
activities by measuring the consumption of energy and space utilization 
management, etc. 

• There are remote controls in all closed rooms (private rooms, meeting rooms) to 
adjust temperature and air flow so occupants are able to regulate temperature and 
air flow to a level they prefer. This will be more convenient for the individuals or 
small groups who sit in a closed area and need to change the temperature or air 
flow due to their particular condition. 

Disadvantages of occupants: 

• There is no official set point for the comfort zone, based on the occupants’ 
opinions, for the temperature and air quality at Tyréns. 

• At present, the set point for temperature is controlled by the Hard facility 
manager of the building, the external partner. Apart from that, temperature is the 
only factor that is controlled with the set point by wired sensors. These sensors 
are embedded on the ventilation system. There is no measurement of CO2 
concentration level or other factors which might control the incoming fresh air or 
exhaust air flow at the Tyréns building. 

• The remote controls that are available to adjust may lead to waste of energy when 
people forget or adjust inappropriately.  
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5.2. Phase 2 - Implementation at Tyréns building 
Focusing on the main case - Tyréns building, the phase 2 is carried out to describe and to 
analyze the implementation of BIM and sensor integration in a particular office area 
within the building: the meeting floor. In this phase, the whole process of setting up, data 
collection and analytics will be described.  

 

5.2.1. Tyréns users’ perception 

5.2.1.1. General perceptions from Tyréns 2015 questionnaire 
This section is firstly a short view of a survey that was conducted at Tyréns in 2015 
concerning the general satisfaction of the employees with their work place (Tyréns 
2015). 

 
Figure 21 - Graph of the Tyréns survey (Tyréns, 2015) 

The survey showed a seemingly high satisfaction with several of the work place aspects, 
with room temperature being more ambivalent. The less positive responses, on the ability 
to sustain high concentration, could be due to the open design of the opened office 
spaces in the building. Overall, it explains somehow the fact that Tyréns was awarded as 
the sixth greatest workplace in Sweden 2016.  

However, with the aim of looking closer to the indoor climate of a particular public area 
where Tyréns’ people have been spending the certain amount of working time there 
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every day apart from at their personal workplace, a survey about satisfaction with the 
meeting room floor was carried out. 

5.2.1.2. Occupant satisfaction survey about the meeting floor 
This is an overview of the small-scale survey that I carried out at Tyréns to evaluate the 
end-users’ perceptions of the meeting rooms at the 0th floor. This was framed as an 
occupant satisfaction questionnaire containing eight questions. As mentioned in Section 
4.1.2., two values of indoor climate measurement, namely temperature level (Celsius 
degree - ˚C) and CO2 concentration level (parts per million – ppm) representing the air 
quality was chosen as the focal values for this part. Therefore, a questionnaire assessing 
the perceived quality of the air was constructed. Because CO2 levels and temperature 
effect the well-being and cognitive function related to work productivity of occupants 
(Allen et al., 2015; Zhang & Dear, 2016), the perceived air quality is one of the values 
that can be used to connect the physical environment of the office building and the end-
users satisfaction with his/her working environment. 

Some of the questions, those with relevance to the implementation, will be more 
highlighted here. For an overview of all the response data, the reader is supplemented 
with the Appendix A. In total, 226 respondents out of 380 had answered at the date of 
writing, this amounts to a margin of error of around 4.2%. 

The use of meeting rooms at the 0th floor: 

The first question (Q1) of the survey showed that the respondents use the meeting rooms, 
however 69% of the respondents use the rooms for less than one hour per day, and 19% 
for around one hour per day. Even though some respondents don’t use the rooms for 
large part of the days, the perceptions when using the rooms are still of importance. 

The use is also reflected in the second question (Q2) where more than 90% responded 
that they do not leave the door opened when using the meeting rooms. Most comments to 
this question include two main reasons: noisiness and confidentiality of meetings. These 
reasons have reflected exactly the primary function of meeting rooms where a small 
group of people discuss their business in privacy. This result also interprets the demand 
of having an efficient HVAC system which is able to deliver the sufficient indoor 
climate to the occupants during the meeting time when door closed. Interestingly, 
respondents that had opened the door reported the insufficient air quality as the main 
reason during their experience time using the meeting rooms on the 0th floor. 

This was also shown in question 3 (Q3), where 35% responded that they sometimes 
opened the door of the meeting rooms to have fresh air, over 20% did this often, 10% 
quite often and 4% always, in sum about 70% told that they used the door as a 
ventilation for the meeting rooms.  

In terms of the satisfaction with temperature asked in question 4 (Q4), a majority of 
respondents (approximately 70%) were a bit dissatisfied, dissatisfied or very dissatisfied 
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with the temperature of the meeting rooms while there was only 30% of respondents who 
perceived the good temperature. 

 
Figure 22 - Question 4. Satisfaction with the temperature in the meeting rooms on the 0th floor 

In order to have a closer look, question 5 (Q5) was asked to explicate problems with the 
temperature, in a multiple-option question of up to three relevant problems, respondents 
reported problems with temperature, either being too cold (65%) or too warm (27.6%). 
Respondents explained the situation that there is usually too cold at the beginning, then 
turning too warm later. 32.7% of respondents perceived a problem of the heating/cooling 
regulation as being too slow when they try to adjust the temperature by using remote in 
the rooms. Some other problems available to choose were remote control seem 
inaccessible or that too many people were in the room compared to the volume it was 
designed for. The distribution of responses is shown in the graph below (Figure 23):  

 
Figure 23 - Question 5. The relevant problems with the temperature in the meeting rooms on the 0th floor 
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Turning to the satisfaction with air quality, the answer of question 6 (Q6) recorded the 
better satisfaction of respondents with air quality than the temperature in the meeting 
rooms 53% perceived a bit satisfied to very satisfied (Figure 24). There was only 2.7% 
who responded to be very satisfied with the air quality of the meeting rooms, while 
27.9% answered they were satisfied. However, about 30% said to be “a bit satisfied” and 
around 28% to be “a bit dissatisfied” and 13.3% dissatisfied with the air quality. 

 
Figure 24 - Question 6. Satisfaction with air quality in the meeting rooms on the 0th floor 

It is possible to conclude from this that at least a considerable part of the respondent end-
users is not content or far from content with the air quality of meeting rooms. Moreover, 
many respondents left comments about temperature in Q4 and Q5 as “lack of oxygen”, 
which should have been relevant as a main problem with air quality in Q6 and Q7. 

This is clearly apparent in question 7 (Q7) where 60.5% perceived the bad air quality in 
the meeting rooms as “feels stuffy, too little fresh air”. Around 34% experienced the 
ventilation system as not working fast enough, and about 34% was seeing problems 
when there were too many people in a room (Figure 25).
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Figure 25 - Question 7. The relevant problems with the air quality in the meeting rooms on the 0th floor 

 
Figure 26 - Question 8. How temperature and/ or air quality affect to your working productivity. 

The eighth question (Q8) covered the to which extent the respondents considered the 
effects of temperature and air quality to affect their working productivity (Figure 26). 
The result showed that only 5 of the 226 respondents (2,2%) thought that the air quality 
and/or temperature of the meeting rooms did not affect their working productivity at all. 
Even though 59.3% believed that the temperature and/or air quality only partly affected 
their working ability, it is reasonable to conclude that the temperature and/or air quality 
may be of some concerns for a considerable part of the end-users and around 20% 
reported it to be in a considerable or very considerable way. 

 
Summary:  

Briefly, these result can reflect the insufficient temperature and bad air quality in the 
meeting room on the 0th floor of Tyréns headquarter building through 226 respondents’ 
feedback. 

According to the result of this survey, the majority of respondents were not satisfied with 
the temperature of the meeting rooms on the 0th floor, were the most of the comments 
concerned the rooms, that tended to be too cold at the beginning and turning too warm 
later on when there were more people presented. Furthermore, responders also reported 
that the heating/ cooling system responded quite slowly, and when they use the remote 
control to adjust temperature the remote controls did not seem to work.  

In general satisfaction of 226 people who responded this survey, respondents seemed to 
be dissatisfied in different levels with temperature more than with air quality with 70% 
and 48% respectively.  
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Even though, there was more than half of the respondents that were satisfied with the air 
quality, there were also many complains about the lack of oxygen in the meeting rooms 
The point is that these comments were mentioned in the part of temperature problems 
which should have been mentioned as a problem of air quality.  Because lack of oxygen 
is normally considered as the lack of fresh air, a reflection which belongs to air quality 
matter. That could be explained by the assumption that some respondents might 
misunderstand the term of temperature as air quality. Or they might not be able to 
distinguish the physical feeling between insufficient temperature and bad air quality. In 
addition to that, “Too stuffy and lack of fresh air” was stated as the most problematic of 
the concerns with the air quality, as it was chosen by more than 60% of respondents.  

Furthermore, with the demand of 90% respondents recorded about the condition of the 
meeting rooms with door closed to fulfill the confidential and privacy for their meetings, 
it requires the extreme sufficient indoor climate in closed rooms. 80% of respondents 
also stated the significant influence of temperature and air quality in Tyréns building to 
their productivity. 

The result of this survey was used as a basis of the implementation. Due to a 
considerable part of the respondents were not satisfied with the temperature and air 
quality of the meeting rooms, and some other information from informal interviews with 
Tyréns people, temperature and CO2 sensors were implemented to measure the level of 
these factors in a particular meeting room. How the implementation was carried out will 
be described in the next part.  
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5.2.2. Description of implementation 

5.2.2.1. Background of implementation 

Objectives:   

There are two objectives of this implementation carried out in a selected meeting room 
on the 0th floor at Tyréns building with two indoor climate factors: temperature and air 
quality (CO2 level).  

The first goal is to describe the installment process to see the system architecture of 
integration BIM and sensors at Tyréns. 

The second goal is to analyze data collected from the sensor then transforming to 
actionable information in order to be used to improve the indoor climate of the building. 

 

Location:  

The meeting room chosen for the implementation is located on the 0th floor. It is the 
room number 052, which was chosen based on a quick analysis of room booking statistic 
from Tyréns booking system (Appendix B) and later during informal interviews about 
the least preferable meeting room on the 0th floor. Volume of the room was designed for 
12 people participating, medium size, which is suitable for many kinds of meetings. This 
room places in the middle of the 0th floor with no exterior walls. 

According to the quick analysis from statistics of booking system, room 052 was the one 
booked the less among all meeting rooms on the 0th floor in the first 14 weeks of 2016.  

 

HVAC system: 

Two factors, temperature and CO2 level, are considered as indicators of heating/ cooling 
system and ventilation system respectively. So the HVAC system needs looking at 
closer.  

The HVAC schematic of the 0th floor is illustrated in figure 27 below which is taken out 
from Building energy management system of Tyréns building (TAC vista).  
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Figure 27 - Schematic of HVAC system on the 0th floor 

In this schematic, the blue horizontal line        represents the fresh intake air from 
outdoor which is preheated through the pumping system       , the heat exchanger. The 
use of this heat exchanger can make use of the temperature level of the exhaust air, the 
yellow line      , before releasing it to outdoor. The temperature of the intake air after 
preheating, the red line        , continues going through the heating change heat battery  
and the cooling change heat battery   in order to keep the temperature of the fresh air 
at the range from 18 to 20˚C degree. There is one temperature sensor , GT21, that 
keep tracking the fresh air temperature for staying at that range of baseline for achieving 
21˚C - 23˚C degree temperature in the rooms. This fresh air will be conveyed into each 
room by the fan      TF01 through air inlets.  

As observed in the HVAC system of the 0th floor in the Tyréns building, there is no 
meter to measure the level of CO2 concentration for intake air and exhaust air.  

 

Setpoint: 

Setpoint, in this context, is defined as a range of acceptable levels of indoor climate 
factors, where occupants feel comfortable to stay. 

• Temperature: The range of acceptable levels for the indoor temperature in the 
room 052 is 21-23˚C degrees as regulated in the system (TAC vista). The 
baseline is 21˚C degrees. 

• CO2: there is no baseline for the indoor CO2 level regulated in the system (TAC 
vista). So it is needed to assume a range of acceptable level for CO2 
concentration. So the setpoint for indoor CO2 level in room 052 is to stay in the 
range from 450ppm to 1000ppm. The bottom baseline is 450ppm which is little 
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higher than the range outdoor CO2 level in Stockholm (425ppm). This setpoint is 
based on some current studies which had mentioned in section 4.3.1 and the 
suggestion of the sensor supplier Yanzi. 

 

Implemented objects:  

To the aim of measuring the temperature and CO2 levels in room 052 during the time the 
room was occupied, two meetings were sampled as the objects to measure. These two 
meetings were observed within three weeks after the date the sensor had been installed. 
The criteria to select which meetings were sampled by: 

• Time: the meetings were held on 4-5 hours continuously (break and lunch time 
included) to capture a longer period of CO2 and temperature level development. 
The two meetings were on different days but at the same times of the day.  

• Occupancy: the room is filled up by 60%-100% of the room’s volume 
(corresponding to 8 - 12 people). 

• Objects: Two different meetings took place in room 052 are called Meeting A and 
Meeting B with different conditions.  

 Meeting A (door opened): started from 9:00 to 14:00 with 11 occupants. 

 Meeting B (door closed): started from 10:00 to 14:00 with 9 occupants. 

 

Materials: 

This implementation was carried out on the 0th floor of Tyréns headquarter building in 
which there had been already the installation of access points and the gateway. 
Therefore, the sensor could self-configure and register to the network when providing 
energy and doing the installation. 

• Sensor: In order to measuring the two indoor climate factors as mentioned 
temperature and CO2 levels, a sensor named Air sensor is used in this 
implementation. It is a wireless sensor with external power plug.  

• BIM: IFC file exported from Revit model of Tyréns headquarter building after 
modifying additional furniture objects (chairs and tables) with both geometric 
and semantic data is used. 

• Tool: Maint3D is considered as convenient and easy for occupants using on 
smartphone, tablet or computer without complicated requirement for fixed 
infrastructure. For that reason, Maint3D was chosen among other tools in this 
implementation.  



  Huong Nguyen 
KTH Master’s thesis in Real estate and construction management 

“IoT and BIM integration to improve building performance from occupants’ perspective”  
   

58 
 

 

Steps:  

• Installment: Setting up temperature and CO2 sensor was embedded in the chosen 
meeting room to capture data of these two factors in that room corresponding to 
the occupancy at the time. Then installing sensor and importing IFC file to 
Maint3D was done. 

• Collection of data: Temperature and CO2 data captured by the sensor is 
transferred and stored in a sensor supplier cloud. By connecting to the cloud 
through a web-based platform, the data are extracted to spreadsheet format, 
which will be used for analyzing in the next step. Occupancy data will be 
collected by observation. 

• Analyze data: Data collected by the installed sensor in conjunction with the 
occupancy data and temperature / CO2 setpoint are used to analyze. This result of 
analysis will point out whether the CO2 concentration and temperature levels in 
room 052 stay within the appropriate baseline for users’ comfort and 
productivity. Furthermore, based on the result of the study about the connection 
between cognitive function of occupants and the indoor climate pollutants (see 
Section 4.1.3), the analytic can demonstrate how well the indoor climate in the 
room 05 performed and how it has affected to the room occupants. Finally, the 
analytic is also possible to interpret somehow the feedback of Tyréns’ occupants 
to meeting rooms on the 0th floor in the satisfaction with temperature and air 
quality survey (Section 5.2.1).  
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5.2.2.2. Installment 
This section illustrates the system architecture of the air sensor and BIM model of 
Tyréns building with the tool - Maint 3D and localization of sensor in the selected room 
on the 0th floor layout.  

 

System architecture 

Due to using the existing platform at Tyréns with the installed access points and 
gateway, Air sensors will be connected automatically to the access point placing on the 
0th floor after installing through the function in Maint3D. The setting up based on the 
existing platform of building information IFC data file which had been exported from the 
Revit model and imported into the tool – Maint3D. The air sensor will be installed in 
Maint3D by scanning the sensor’s QR code. Then clicking to the chosen space on 
Maint3D’s interface to link sensor’s ID to the GUID name of room 052 modelled in IFC 
file (Figure 28). 

   

 

 

 

 

 

 

 

 

 

Localization 

The selected room, room 052, is located in the middle of the floor and adjacent to room 
053, room 051 and room 86 by interior walls. There is no side of the room 052 
contacting directly to the outdoor by exterior walls or windows. Therefore, the 
temperature and CO2 level of the room 052 will be more unaffected by the outdoor 
condition compared to room 050 or room 048. 

In order to capture the data of temperature and CO2 level accurately, the air sensor need 
placing closely to the air outlet where the exhaust air flow goes out. It should not be 
embedded next to the place where the fresh air comes in, such as air inlet, vent of air 
conditioning, windows and door. 

IFC file exported 
from  Revit 

Air sensor 
with QR code  

Maint3D 

Figure 28 - Installment of sensor, BIM and Maint3D overview diagram 
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In the room 052, there are one cooling vent, one air inlet and two air outlets on the 
ceiling. The air sensor is placed on the interior wall between the room and room 051 at 
two-meter height from the ground. This position is nearby the bigger air outlet’s place 
and far from the air inlet and cooling vent, which is shown in the floor layout below in 
Figure 29. Even though the sensor stays on the line of the door when opening, the 
sensor’s position is still far from the door which would not be affected remarkably from 
the fresh air coming from the hallway.  

 

 
Figure 29 - Air sensor location in relation to inlet’s, outlets’ and vent’s on the 0th floor layout 
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5.2.3. Analysis of Phase 2	

5.2.3.1. CO2 concentration level 
The graphs below depict the CO2 concentration levels in two meetings, Meeting A with 
door opened (Figure 30) and Meeting B with door closed (Figure 31). This data was then 
merged with data from structured observations where occupants in the rooms had been 
counted and observed when entering and leaving and the setpoint of Tyréns indoor CO2 
level which is mentioned in the background of the implementation.  

The blue area shows CO2 levels in ppm, the yellow line presents the number of 
occupants and the green area is the CO2 - setpoint (450ppm – 1000ppm).  

 
Figure 30 - CO2 concentration level at Meeting A (door opened) 

 
Figure 31 - CO2 concentration level at Meeting B (door closed) 
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Generally, it is clear to see that there are the exceeds of CO2 level over the setpoint in 
both meeting A and B in certain amount of time with 1.5 hours and 2.5 hours 
respectively. It implies the insufficient CO2 levels in both meeting A and B. However, 
the amount of time with CO2 over setpoint in Meeting A is shorter than in Meeting B 
due to the condition of door-opened and door-closed during these two meetings. 
Relevantly, the highest level of CO2 concentration over setpoint in Meeting A is 
approximately 1200ppm, which is much 300 ppm lower than the highest CO2 level in 
Meeting B, 1500ppm.  

Compared to occupancy, it can be seen that the CO2 levels collected during the two 
meetings followed the same pattern as the change in number of occupants over time. It 
implies that CO2 concentration levels were affected remarkably by the occupancy in the 
room. 

In the Meeting A, the CO2 level at 9:00 in the morning stood at 727ppm. The reason for 
that is there were some people getting into the room before the official starting time of 
the meeting which raised the level of CO2 from around 450ppm of intake air to 727ppm 
at 9:00.  

At 9:13, the level of CO2 increased to from 727 ppm to 1029 ppm in 13 minutes with 11 
people sitting in the room. A high level considering the room is designed for 12 people, 
and that there are only 11 people in the room. In 39 minutes the CO2 level has reached 
their peak at 1179ppm. At 10.20am there was a tea-break where most of people left the 
room and only 3 people were still in the room. As a result, CO2 levels dropped 
subsequently. In short, the CO2 reached over the maximum baseline where occupants’ 
performance and well-being could be affected in a fairly short time relative to the 
meeting length. 

During the longer lunch-break, level of ppm bottomed out to around 420ppm, a normal 
level for intake of air which was equal to the CO2 outdoor air level. After the break, the 
above pattern continues, although this time only 5-6 people have returned. The peak after 
lunch was at 848ppm, at 15 minutes after returning. It kept at a level of 600-700ppm 
through the afternoon part of the meeting, a level that would not affect thinking and well-
being. 

In the second graph, the meeting B was sampled, this time with the door closed and 9 
attendants. It started out at outdoor-like levels of around 420 ppm. In 30 minutes the ppm 
has risen above 1000 ppm. This time, the CO2 level continues to rise steadily, and in the 
following one hour it has risen above 1500 ppm – a level that keeps until the lunch-break 
at 12.20. Only four people returned, now with the door closed the ppm still rose to above 
1050 ppm, over the baseline. 

Considering these results, it can be shown how the meeting room reaches CO2 levels 
that could negatively affect the working environment of the habitants in the room, even 
when fewer people are attending the meeting than it was assigned for. This is especially 
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relevant when the door is kept closed, as was reported as needed due to confidentiality in 
the survey. With a closed door the meeting room reached levels above 1500 ppm, levels 
affecting cognitive function and well-being (Allen et al. 2015). A setpoint integrated into 
the system, that ventilates fresh air when approaching these higher baseline levels could 
make the room’s user friendly’, both according to levels recommended and in 
accordance with the users’ perceptions from the survey data. 

 
5.2.3.2. Temperature level 
The temperature levels in two same meetings, Meeting A with door opened and Meeting 
B with door closed are represented in Figure 32 and 33 respectively. This data was then 
merged with meeting time, occupancy data and the setpoint of Tyréns indoor 
temperature level. The red line shows temperature levels in Celsius degree (˚C degree), 
the yellow line presents the number of occupants and the green area is the temperature - 
setpoint (21˚C – 23˚C).  

Overall, temperature in both meetings A and B held in room 052 were not affected by 
the number of occupancy. During 4-5 meeting hours, temperature levels increased and 
stayed within the setpoint in only the first 30 minute in Meeting A and 45 minutes in 
meeting B. The rest of the time, temperature stayed constant at a higher level compared 
to the setpoint. 

In the first meeting, a linear and fast increase to 23˚C degrees in half an hour. Then the 
figure exceeded the maximum baseline to reach 24.2˚C degree before dropping 0.2 
degree at tea break time. That increase was barely halted by the short break at 10:20, and 
the temperature continued to increase and reaches its peak of almost 25˚C degrees at 
11:00. There was a lunch break from 11:15 to 12:00. In this period of time, it was seen a 
small reduction of temperature by 0.5˚C, from 24.7˚C to 24.3˚C degrees. However, this 
decreased level was still much higher than the setpoint. The temperature level did not 
seem to be affected by the lunch-break, as it stays at a high temperature throughout the 
meeting hours. 

In the second, closed-door meeting B, the increase is also linear. However, this time it 
was much slower as presupposed by the fewer number of attendants. There was a steady 
increase of temperature level in the first 2.5 hours from 22˚C to 24.5˚C degree. This 
actually took more than two third of meeting time for the temperature rising and reaching 
its peak at 24.5˚C degrees. This phenomenon could be explained by the condition of 
meeting B – door closed. Compared to the meeting A, the closed-door condition in 
meeting B implies that the air conditioning in meeting B could bring the effect much 
higher than in opened-door condition. Truly, closing the door can keep the new cooling 
fresh air coming from cooling vent long in the room, then cool down the temperature in 
the room efficiently. More than that, according to vents layout of the room 052 as seen in 
figure 29 (section 5.2.2.2), the position of cooling vent is placed really close to the 
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entrance door. That means when the door opened, the cooling air from cooling vent can 
leak out easily into the hallway which might affect to the air circulation of the room. 

After a slight decrease during lunch break, the temperature levels increased and 
remained at around 24.3˚C to 24.5˚C degrees until the end of the meeting at 14:00 in 
both meetings.  

 

 
Figure 32 - Temperature level at Meeting A (door opened) 

 

 
Figure 33 - Temperature level at Meeting B (door closed) 
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5.2.3.3. Summary 
Briefly, it can be seen that the changes in temperature are not as drastic as with CO2 
corresponding to the change of occupancy. However, both these factors measured in 
these prolonged meetings are of levels that could cause discomfort and decreasing 
cognitive function and decision making to occupants, according to the studies that were 
showed in Section 4.1.3. 

Immediately when people got in the room, both levels of CO2 and temperature increased 
steadily and reached the limited baselines (1000 ppm for CO2 and 23˚C degree for 
temperature) after around thirty minutes.  

The highest levels of CO2 recorded were 1179 ppm with 11 people in the door-opened 
room (Meeting A) and 1517 ppm with only 9 people in the door-closed room (Meeting 
B). If following Allen et al. (2015) results, the cognitive score of the occupants in 
Meeting A and Meeting B could have dropped around 10% and 21% respectively when 
CO2 concentration reached these levels. The cognitive score in this context covers 
decision making and information usage ability. 

These levels were seen as remaining constantly before declining slightly to the baseline 
after the time the number of occupants had dropped. It means that if there was no 
supplement of the fresh air into the room, this factor would stay at the high levels that 
may even bring the more serious negative influences to occupants.  

The capturing data from the Air sensor also showed the over-baseline level of 
temperature in both meetings with the peak levels at 24.5 and 24.7 ˚C degrees, 1.5 and 
1.7 ˚C degree higher than the baseline. The prolonged meetings within these high 
temperature levels could have also negative effects when doing complex tasks (Zhang & 
de Dear, 2016). 

To integrate the data for these sensors with lower set points of CO2 and temperature, to 
let fresh air into the room in a more respondent manner, could be of value both 
considering the perceived well-being of the attendants, and also considering other 
measures of their functioning. In short, a successful implementation of these sensors, and 
their data to the control and steering systems of the facility could positively affect their 
well-being and working abilities, both from perceived and in other ways measured 
values. Values important for a range of goals, both individual and organizational at large. 
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6. DISCUSSION 
6.1. Perceived value of BIM and sensor integration 
In previous parts, the benefits of BIM application in FM and sensors in building 
management were illustrated clearly based on some separate previous studies. However, 
these studies focus mostly on supporting the facility managers and owner’s perspective. 
In this part, the perceived value of integrating both BIM and sensors will be depicted for 
the occupants, the ones directly using the facilities and functionalities of the building.  

The case study at Tyréns showed a range of perceived values with BIM and sensor 
integration. Main actors working inside the company in related areas discussed the 
specific values of the company and described many possible future applications, namely 
visualization, space utilization management, comfort zone, energy efficiency, the 
location of buildings components, the improvement of BMS systems and air quality. 

Some of the perceived values are overlapping with the understanding reviewed in 
Section 4.6.1 and section 4.6.2, where some current researches are illustrated. The 
overlapping areas of perceived values include Visualizations; Locating building 
components; Real-time access and display; Space management; Emergency 
management; Checking maintainability; and Energy management. However, the results 
also indicate other perceived values that are not covered by this literature. The most 
relevant paper concerning to BIM and sensor integration to improve building indoor 
climate with real time data collection of temperature by sensors is mentioned by Becerik-
Gerber et al. (2012), however the connection to air quality is not explained. According to 
the result of the implementation, the perceived value from this aspect influences directly 
the occupants’ cognitive function and well-being. Therefore, an important perceived 
value is Improve health-comfort-productivity. When occupants perceive the healthy both 
physically and mentally, they are able to stay in the comfort environment and do their 
jobs more effectively and efficiently. 

From the comparison of the two cases two broad categories can be identified based on 
the different roles of the occupant in the cases. These categories can be termed as 
perceived values of individual actors and perceived values of organization. 

Table 4 - Perceived value category 

Perceived value Individuals Organization 

Visualization x x 

Access real-time data and 
display 

x x 

Facilitate health, comfort and 
productivity 

x x 
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Locating building 
components 

x x 

Space management x x 

Emergency management x x 

Checking maintainability  x 

Energy management  x 

 

The values for individual actors include such values as: visualization, real - time data 
access and the ability to stay in the comfort zone. Values of more importance to 
organizations are: visualizations, the improved individuals’ productivities, space 
management, emergency management and energy efficiency.  

The individual values are of importance in both cases. However, concerning the 
perceived values for the organizations, there are different roles of the occupants that are 
reflected in different interests. For example, the need for emergency management and 
energy efficiency is more considered by the occupant at Tyréns, because of their 
ownership of the building facilities. 

On a theoretical level within knowledge management, this can be viewed as a case of an 
emerging collective knowledge where perceptions and ideas about possible applications 
are not yet made into explicit knowledge (Becerra-Fernandez & Sabherwal, 2014).   

 

6.2. Framework of BIM and sensor integration 
In Finding and results chapter, the case study showed the system architecture of 
integration BIM and sensors to improve the indoor climate of Tyréns headquarter 
building case. This case generally followed the conceptualized frameworks with the 
three components of data layer, information layer and tool layer with sensor data as 
described by Gökçe & Gökçe (2013) and the source of data from BIM and sensor.  

However, standing from the point of occupants, there is need for a supplementary layer - 
Analytic layer and a supplementary data source - Occupants’ data source, which is going 
to be demonstrated in this section. Later, a new framework with supplementary layer and 
data source of the integration BIM and sensor to improve building performance for 
occupant perspective will be sketched out to catch the whole picture of this integration. 
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Analytic layer: 

According to DIKW pyramid (Rowley, 2007), knowledge management contains four 
levels for successful knowledge use - data, information, knowledge and wisdom.  At 
first, raw data collected is used to sort into useful and meaningful information. With 
analysis of information, knowledge is created by making the information understandable. 
Whereas knowledge is the meaningful and understood information, wisdom is the final 
level where knowledge can be used toward the greater goal, through actions and 
decision-making that are related to certain goals, values etc. Those can be greater, more 
abstract values of sustainable developments in economic, societal and ecological 
sustainability.  

In the conceptualized framework of previous studies mentioned in section 4.7 (Chapter 
4) the analytical activity is not thoroughly explicated. The integration of data from 
different sources, like data ware house, was the only part mentioned without illustrating 
and emphasizing the analytic functionality of this layer. This could be resulted in by the 
complication of this new integration. Otherwise, as mentioned these are frameworks in 
conference papers that have been researched by people from the industry. It implies that 
the bottom-up approach might have been used to research this subject. The analytic layer 
is probably studied further in near future. 

From a knowledge management view, this is the step where knowledge is created for 
usability. This step is extremely crucial, for it is what prepares for the wisely used 
knowledge of the last level in the DIKW pyramid hierarchy of Rowleys (2007). 
Crucially, the value of whole process is created in this knowledge layer. Due to that, it is 
urgent to supplement the knowledge layer, named analytic layer, to the framework of 
integration BIM and sensor (Figure 34).  

 

 

 

 

 

In this analytic layer/ knowledge layer, there is the aggregate analysis of different 
analyses from singular sources in order to deliver final analysis and synthesis as the 
knowledge of the whole process. Knowledge is clearly created in this layer. It is the core 
value of understanding deeply useful information.  

In other words, analytic layer is a bridge for merging useful information from different 
sources (data layer and information layer) and transforming these into knowledge that is 
meaningful for the organization and individuals for decision-making in the last step by 
using tools (tool layer). 

Data layer Information layer Analytic layer Tool layer 

Data	 Information	 Knowledge	 Wisdom	

Figure 34 - Framework of integration follows the knowledge management model 



  Huong Nguyen 
KTH Master’s thesis in Real estate and construction management 

“IoT and BIM integration to improve building performance from occupants’ perspective”  
   

69 
 

Figure 35 – Supplementary data source from occupants 

The analysis of implementation carried out and illustrated in section 5.2.3 in Chapter 5 
(Finding and analysis) is a small scaled example of this analytic layer. The analysis was 
created by the synthesis of sensor’s data corresponding to the number of people 
occupying the room/ area over time and the setpoint of indoor climate factors for the 
occupants’ preferences.  

 

Data source from occupants: 

In terms of data layer, there are two sources known as sensor data and BIM data in 
Tyréns case and in the conceptualized framework in the study written by Gökçe & 
Gökçe (2013). Another data source mentioned as a source of data repository for the 
building energy management written by Wang, et al., (2013) is building occupancy 
information but there were no clear interpretations about this source.  

Standing from point of occupants’ perspective, occupants’ data is possibly considered as 
crucial as sensors’ and BIMs’. This supplementary data source, however, is necessary to 
define more clearly as described below. 

Data from occupants consists of three different type of information, responding to three 
conditions of what occupants do, feel, and perceive.  

• Do: In context of office building, each occupant has different type of work 
activities with its certain attributed tasks regarding characteristics of the 
occupants’ work. The position of personal workplace where occupants spend the 
majority of their time at work is also important data. 

• Feel: Occupants have their own comfort zone consisting of both physical and 
psychological aspects that may significantly affect user’s satisfaction with the 
building performance. 

• Perceive: After using the building for a period, occupants will have feedback 
about how sufficient and insufficient they perceived the building to perform 
according to their view. Their views might change over time.  
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These data from occupants will be formed to deliver the rationale and essential 
requirement of occupants for the sufficient indoor climate where their health, comfort 
and productivity are improved.  

After that, it is necessary for establishment of a set-point for indoor environmental 
factors (noise, temperature, air quality, light, etc.) in order to fulfill the occupants’ 
requirement. These set-points for indoor environment, hence, will be used as before 
merging to other information from different sources in analytic activities. This set-point 
is especially used for analysis of sensor data to see how well the indoor climate of the 
building is. In addition to that, specific requirements from occupants about indoor 
climate factors could facilitate the evaluation of facility management. This emerging 
knowledge will be used to decision- and action-making through different tools/ 
applications of viewing, monitoring or controlling. 

Based on that, a model is created with an expansion of a supplementary data source from 
occupant and a layer of analytic to existing frameworks (figure 36 below). 

 
 
  

  

Figure 36 - Framework of BIM and sensor integration to improve building performance for occupants' perspective 
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7. CONCLUSION AND RECOMMENDATION 
7.1. Conclusion 
RQ1: What are the perceived values for end-users when integrating BIM and sensors in 
office buildings? 

Perceived values of BIM and sensor integrations has been explored broadly in this thesis. 
The conceptual part of the thesis explored the perceived values detected in the current 
research on this and related topics. The literature reviews also pointed out an area of 
needed research of the occupant view of sensor and BIM integration. 

Empirically the perceived values of such integration was described in two cases, where 
the main case of Tyréns AB showed an emerging interest in this integration and a new 
set of perceived values from the interviewed actors, as well as some values overlapping 
with the non-occupant view of sensor and BIM integration. 

These results point to that ideas about values of BIM and sensor integration of the end-
users are growing, as expected of a new knowledge field. The values are categorized for 
individuals and organization. While individuals perceive mainly in visualization, real-
time access data and the ability to stay in their comfort zone which improve their health-
comfort and productivity, the main values to organizations are from improving 
individuals’ productivities, space management, emergency management, energy 
efficient. 

 

RQ2: How can frameworks of BIM and sensor integration be conceptualized and 
implemented in order to improve the building performance for occupants? 

The basis for BIM, sensors and building performance is conceptually reviewed in the 
first part of the thesis. An occupant, or end-user perspective was taken. This is defined 
by the perceived satisfaction with the buildings environment, and by physical measures 
that correlate with well-being and effective cognitive functioning. Two sensor measures 
of CO2 and temperature are chosen as focus for this thesis. 

Three conceptual frameworks of the BIM and sensor integration process are covered 
from the literature. However, these frameworks did not cover the end-user perspective, 
as user satisfaction was not included in these models. 

The results of the case studies show two different ways of sensor and BIM integration to 
improve the building performance for occupants. However, these processes differ as 
context-specifics such as ownership conditions differ, and legislation concerns regarding 
the end-user requirements. 

When conceptualized, the cases frameworks for BIM and sensor implementation are 
resembling the ones found in literature, and lacking end-user perspectives. 
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The end-user perspective is used for an implementation, where the end-users’ 
satisfaction with temperature and air quality were used for a small-scale implementation. 
The implementation showed ways that BIM and sensors can be integrated. It also created 
data that correlated user satisfaction with the use of meeting rooms. 

From the results of both phases, a new conceptual framework has been developed, where 
the end-user perspective is added, with additional measurements of the users working 
conditions. The framework is also adjusted to align with theories of knowledge 
management, where a new analytical level is added in order to address the possibility of 
using the knowledge created inside the information systems of organization towards the 
“wisdom” level described in knowledge management. This more “wise” use of 
knowledge can be used in conjunction with the broader goals and values of the 
organization, and possibly towards larger sets of economical, societal, and economical 
values as well. 

 

7.2. Recommendations 
For industrial purposes 

One recommendation could be to further incorporate the user perspectives into their 
organization and management. As has been highlighted through this thesis, the occupant 
perspective can enable occupant well-being and productivity, values consistent with 
most organizations. The user-perspective can be added into existing frameworks that are 
used for implementations at companies, to add a dimension that can be neglected in 
technological implementations. The setpoint of building indoor climate factors for 
occupants’ preferences, that they perceive the most comfortable indoor climate when 
inhabitant in the building, is needed to create. This makes the evaluation of the building 
performance for occupants more accurate. Crucially, the huge amount of data sensors 
requires a platform for analyzing data and information, analytic layer, to be built. This is 
where all the values of BIM and sensors integration are created.  

Currently, there is no fixed standard for sensors due to the competition of many different 
standards such as Bluetooth, ZigBee and Internet protocol (IP) with particular pros and 
cons. It implies the sensors standard is dependent on the manufacturers and the standard 
they have used. Therefore, the integration of BIM and sensors would be applied 
differently in specific contexts based on context-and-technology-specific knowledge.  

Moreover, choosing types of sensors, wired or wireless, would depend on the building 
itself and occupants’ perspective. For example, with existing buildings, wireless sensors 
might be more convenient to set up, install due to the flexibility and mobility of wireless 
connection. Therefore, it also could be used in short term for temporary purposes. 
Whereas wired sensors is usually adopted with permanent purposes, which is planned at 
the planning and design stage of the project.  
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Depending on the purposes and contexts, modelling sensors as the objects of BIM model 
needs to be considered carefully. With temporary purpose, it might not be necessary. 
When it comes to permanent purpose, however, modelling sensor as an object of BIM 
model will help to optimize the managing and representing sensors’ information. 

 

For future research 

Ways of automating sensors with the control systems such as BMS and EMS can be an 
area for researchers to explore. This also opens up for the end-user perspective, that is 
under-researched. The interactions of sensor data, control systems and end-users could 
offer interesting developments of how human well-being and information systems can be 
interworked to improve the user satisfaction with their working facilities.  

Another research needs to look further is BIM and sensors integration from the facility 
managers’ perspective. Undoubtedly, facility managers play the important role in 
operating and maintaining the building, who can deliver how well the buildings 
functionalities perform to the occupants. Hence, if there is a balance between occupants 
and facility manager’s perspectives. the building will perform in a sustainable way. 
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Appendix A 
 
Survey – Indoor temperature and air quality in meeting room at Tyréns building. 
 
The aim of this survey is to investigate the temperature and air quality of the meeting 
rooms on the 0th floor of Tyréns building. The result from this survey will allow for an 
objective evaluation of the indoor working environment from the building’s users.  
	
Question	1.	How	many	hours	per	day	on	average	do	you	spend	in	meeting	rooms	on	
the	0th	floor?	

1	hour	
2	hours	
3	hours	
More	than	3	hours	

Other	(please	specify) 	
Question	2.	Do	you	open	the	door	when	you	are	working	in	the	meeting	rooms	on	
the	0th	floor?	

Yes	
No	

Specific	reasons: 	
Question	3.	How	often	do	you	want	to	open	 the	door	 to	get	some	 fresh	air	during	
the	meeting	time?	

Always	
Quite	often	
Sometimes	
Rarely	
Never	

Question	4.	About	temperature,	how	satisfied	are	you	with	the	temperature	of	the	
meeting	rooms	on	the	0th	floor?	

6	-	Very	satisfied	
5	-	Satisfied	
4	-	Partly	satisfied	
3	-	Partly	dissatisfied	
2	-	Dissatisfied	
1	-	Very	dissatisfied	

Question	5.	When	 feel	 not	 very	 satisfied	about	 temperature	of	 the	meeting	 rooms	
on	the	0th	floor,	which	of	following	reasons	is	the	most	relevant	to	you	to	interpret?	
(choose	up	to	3	factors)	
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Often	too	hot	in	the	meeting	rooms	
Often	too	cold	in	the	meeting	room	
Remotes	to	adjust	temperature	is	inaccessible	
Heating/	cooling	system	responds	really	slowly	when	adjust	the	temperature	
Heating	from	sun	through	windows	or	glass	walls	
Heating	from	the	equipment	(projector,	laptops	etc)	
Often	too	many	people	in	the	room	compared	to	the	room's	volume	

Others: 	
Question	 6.	About	 air	 quality,	 how	 satisfied	 are	 you	 with	 the	air	 quality	 of	 the	
meeting	rooms	on	the	0th	floor	

6	-	Very	satisfied	
5	-	Satisfied	
4	-	Partly	satisfied	
3	-	Partly	dissatisfied	
2	-	Dissatisfied	
1	-	Very	dissatisfied	

Question	7.	When	feel	not	very	satisfied	about	air	quality	of	the	meeting	rooms	on	
the	0th	 floor,	which	of	 following	reasons	 is	 the	most	 relevant	to	you	 to	 interpret?	
(choose	up	to	3	factors)	

Too	stuffy,	feel	tired	due	to	lack	of	fresh	air	
Too	high	air	movement	from	the	vents	
Too	low	air	movement	from	the	vents	
Remote	to	adjust	air	flow	is	inaccessible	
Ventilation	system	 does	 not	 response	quickly	enough	 when	 adjusting	

the	airflow	
Often	too	many	people	in	the	room	compared	to	the	rooms'	volume	

Others: 	
Question	 8.	How	does	 temperature/	 air	 quality	 influence	 to	 your	 ability	 to	 get	
the	jobs	done	efficiently?	

5	-	Strongly		 4	-	Partly	strongly		 3	-	Partly	weakly		 2	-	Weakly		 1	-	
no	effect	
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Appendix B 
	
Statistic	 from	 the	 system	 of	 booking	 meeting	 rooms	 on	 the	 0th	 floor	 at	 Tyréns	
headquarter	 building	 about	 the	 total	 hours	 of	 meeting	 room	 which	 had	 been	
booked	by	Tyréns	people	in	the	first	14	weeks	of	2016.	
	

Week	
Total	reserved	hours	of	meeting	rooms		

Room	
44	

Room	
45	

Room	
48	

Room	
50	

		Room	
51	

	Room	
52	

Room	
53	

Room	
54	

Week1	 3	 0	 8	 0	 7	 0	 6.5	 3	
Week2	 30.5	 36.5	 32.5	 27	 30.5	 26.5	 36.5	 27.5	
Week3	 25	 23	 28.5	 31	 22	 27	 23.5	 20	
Week4	 27	 35.5	 29.5	 34.5	 28	 23	 37.5	 31.5	
Week5	 27	 33.5	 33	 26.5	 32	 33	 27.5	 34	
Week6	 31.5	 40.5	 34.5	 36	 36.5	 31.5	 36	 29.5	
Week7	 33	 34.5	 36.5	 28.5	 30	 26.5	 21.5	 23.5	
Week8	 35	 24	 39	 42	 33.5	 31.5	 30	 24.5	
Week9	 29	 34	 20.5	 23.5	 20.5	 16	 23	 24	
Week10	 20.5	 29.5	 34.5	 40.5	 28.5	 27.5	 29	 31	
Week11	 27	 32	 30.5	 29.5	 28.5	 33.5	 33	 25.5	
Week12	 23	 26	 28.5	 24.5	 20.5	 20	 20.5	 19.5	
Week13	 27.5	 18	 21.5	 18	 15	 14.5	 13.5	 14.5	
Week14	 27.5	 29.5	 34	 30.5	 40	 34	 32.5	 35.5	
Total	 366.5	 396.5	 411	 392	 372.5	 343.5	 370.5	 344.5	
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