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Ekstrakt: 
 
This master’s thesis highlights the importance of management and use in relation to energy efficiency in existing 
non-domestic buildings. The purpose of the master’s thesis is to study the energy efficiency of existing non-
domestic buildings through a focus on the gap between expected and actual energy use and management and use. 
The aim is to contribute to close the gap between expected and actual energy use in existing non-domestic buildings, 
while providing knowledge of management and use of such buildings. 
 
The master’s thesis study Realfagbygget (university and college building) and Miljøbygget (office building) in a 
case study to examine how expected energy use is calculated, how energy use is measured and factors that impact 
energy use – especially in terms of management and use of the buildings. The two buildings was selected through a 
systematic selection method. There has been conducted interviews to support the case study. Both the case study and 
the interviews has been conducted in Trondheim. The gap between expected and actual energy use is presented for 
the two buildings with possible causes and solutions. There has been conducted a literature study to collect and form 
a foundation of relevant theory and literature. The literature study and the case study is analysed to answer a thesis 
question which is supported by three research questions. 
 
The master’s thesis shows that there is a gap between expected and actual energy use for the two existing non-
domestic buildings in the case study. This is related to how the expected energy use is calculated, which is based on 
historical figures of actual energy use. Actual energy use is measured with energy monitoring devices which 
communicate the energy data to a building management system and a energy monitoring system. There are several 
impact factors that affect the actual energy use which is both related the facilities management of the buildings, the 
users, their user behavior and user patterns, but also other factors. There is presented several barriers against energy 
efficiency, but also approaches to energy efficiency such as energy management, monitoring, visibility and 
communication across the organizations, among others. The gap, with related causes and solutions is based on this 
and is consistent with the conclusion. Since the impact on actual energy use depend on various factors that are 
associated with varying uncertainties to what extent the factors will affect each specific year, it can be concluded 
that there always will be some degree of uncertainty to the expected and actual energy use, that will result in some 
degree of gap. 
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Abstract

This master’s thesis highlights the impor-
tance of management and use in relation to 
energy efficiency in existing non-domestic 
buildings. The purpose of the master’s thesis 
is to study the energy efficiency of existing 
non-domestic buildings through a focus on 
the gap between expected and actual energy 
use and management and use. The aim is to 
contribute to close the gap between expected 
and actual energy use in existing non-do-
mestic buildings, while providing knowled-
ge of management and use of such buildings.
This can contribute to a more stable energy 
management and energy efficiency in exis-
ting non-domestic buildings.

The master’s thesis is designed as a case stu-
dy of two different non-domestic buildings 
that has been selected through criteria in a 
systematic selection method. The selected 
buildings are Realfagbygget (university and 
college building) and Miljøbygget (office 
building), which is located in Trondheim. 
The case study is supported by 12 interviews 
of managers and users of the buildings. The-
re have also been conducted a literature study 
to gather a foundation of relevant theory and 
literature. The master’s thesis have the fol-
lowing thesis question; How to reduce a gap 
between expected and actual energy use in 
existing non-domestic buildings? This thesis 
question is supported by three research qu-
estions. The first research question is; How 
is expected energy use calculated in existing 
non-domestic buildings? The second rese-
arch question is; What factors affect energy 
use i existing non-domestic buildings? The 

third research question is; How does the 
management and use affect the energy effi-
ciency in existing non-domestic buildings? 
Both the thesis question and research questi-
ons are answered through the analysis of the 
master’s thesis.

The master’s thesis shows that there is a gap 
between expected and actual energy use for 
the two existing non-domestic buildings in 
the case study. This gap varies from year to 
year and is based on how the expected energy 
use is calculated. The calculation methods of 
the two buildings in the case study has both 
similarities and differences. Both methods 
are based on historical data of the actual 
energy use in the two buildings. Actual ener-
gy use is measured with energy monitoring 
devices that communicate energy data to a 
building management system and an energy 
monitoring system. There are several factors 
that affect energy use, which can be related 
to the management and operation, users with 
different user behavior and patterns, as well 
as other factors such as the building itself 
and the outdoor temperature among others. 
There are presented various barriers against 
energy effiiency, as well as multiple appro-
aches towards energy efficiency. Examples 
include energy management, good moni-
toring of buildings, better visibility and 
communication across organizations in the 
building, among others. The gap between 
expected and actual energy use has different 
causes and solutions and it can be concluded 
that there always will be some degree of un-
certainty to the expected and actual energy 
use, that will result in some degree of a gap.
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Sammendrag

Denne masteroppgaven belyser viktigheten 
av forvaltning og bruk i forhold til energi-
effektivisering av eksisterende ikke-beboer 
bygg - ofte kalt kommersielle- eller yrkes-
bygg. Formålet med oppgaven er å under-
søke energieffektiviteten til eksisterende 
ikke-beboer bygg gjennom et fokus på ga-
pet mellom forventet og faktisk energibruk 
og forvaltning og bruk. Med dette ønsker vi 
å bidra til å tette gapet mellom forventet og 
faktisk energibruk for eksisterende ikke-be-
boer bygg og samtidig presentere kunnskap 
om forvaltning og bruk av denne typen 
bygg. Dette kan bidra til en mer stabil ener-
gistyring og energieffektivitet i eksisterende 
ikke-beboer bygg.

Masteroppgaven er formet som en casestu-
die av to ulike ikke-beboer bygg som ble 
valgt gjennom kriterier i en systematisk ut-
valgsmetode. De to valgte byggene er Re-
alfagbygget (universitet- og høgskolebygg) 
og Miljøbygget (kontorbygg) som er loka-
lisert i Trondheim. Casestudien er støttet 
av 12 intervjuer av forvaltere og brukere 
av bygningene. Det også blitt gjennomført 
en literaturstudie for å samle inn å skape 
et fundament av relevant teori og literatur. 
Masteroppgaven har en problemstilling som 
lyder; Hvordan redusere et gap mellom for-
ventet og faktisk energibruk i eksisterende 
ikke-beboer bygg? Denne problemstillingen 
er støttet av tre forskningsspørsmål, der det 
første er; Hvordan er forventet energibruk 
beregnet for eksisterende ikke-beboer bygg? 
Det andre er; Hvilke faktorer påvirker ener-
gibruk i eksisterende ikke-beboer bygg? 

Det tredje er; Hvordan påvirker forvaltning 
og bruk energieffektiviteten i eksisterende 
ikke-beboer bygg? Både problemstilling og 
støttende forskningsspørsmål blir besvart 
gjennom analysen i masteroppgaven.

Masteroppgaven viser at det er et gap mel-
lom forventet og faktisk energibruk for de to 
eksisterende ikke-beboer byggene i casestu-
dien. Dette gapet varierer fra år til år og tar 
utgangspunkt i hvordan forventet energibruk 
blir beregnet. Beregningsmetodene til de to 
bygningene i casestudien har både likhe-
ter og ulikheter. Begge metodene er basert 
på historiske tall av det faktiske energibru-
ket i de to byggene. Faktisk energibruk blir 
målt med energimålere som kommuniserer 
energidata til et SD-anlegg og et energio-
ppfølgingssystem. Det er flere faktorer som 
påvirker energibruket, som kan knyttes til 
forvaltning og drift, brukerne med ulik bru-
keratferd og -mønstre, samt andre faktorer 
som blant annet selve bygget og utendør-
stemperaturen. Det er presentert ulike bar-
rierer mot energieffektivisering, samt flere 
metoder og tiltak for energieffektivisering. 
Eksempler på tiltak er blant annet energy-
styring, god overvåkning av bygg, bedre 
synlighet og kommunikasjon på tvers av or-
ganisasjoner i bygg. Gapet mellom forven-
tet og faktisk energibruk har ulike årsaker 
og løsninger og det kan konkluderes med at 
det alltid vil være en viss grad av usikkerhet 
knyttet til forventet og faktisk energibruk 
som vil resultere i en form for gap.
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Chapter 1
Introduction - an introduction to the master’s thesis
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1.0 Introduction

1.1 Background

Within the Center for Real Estate and Facili-
ties Management at NTNU there is focus on 
a new research project to develop methods 
for improving energy efficiency in non-do-
mestic buildings. The aim of the research 
project is to close the gap between expec-
ted and actual energy use in non-domestic 
buildings and further contribute to impro-
ved energy performance in the building’s 
lifecycle. We have chosen to use the term 
non-domestic buildings. Another similar 
term is non-residental buildings. Non-do-
mestic buildings can be defined in different 
ways - we use the term for buildings that are 
not used for a residental purpose. Buildings 
such as schools, offices and hospitals are 
good examples of non-domestic buildings. 
These buildings belong to different building 
groups and types. 

The Government of Norway has written 
three environmental action plans where the 
last one was applicable in the period of 2009 
to 2012. These environmental action plans 
contains limits, priorities, objectives, requi-
rements and measures for a more sustainable 
housing and construction sector with a re-
duced and environmentally friendly energy 
use and less climate gas emissions (Kom-
munal- og regionaldepartementet 2009). We 
are facing increasingly stringent building re-
quirements to achieve more energy efficient 
buildings. In 2010, a revised building regula-
tion (TEK 10) was implemented, which has 
stricter energy requirements for construction 

(Byggteknisk forskrift (TEK 10) 2010). The 
demand for energy efficient buildings rises. 
As a result, the construction industry face 
challenges to ensure that the expected ener-
gy estimated in the design phase becomes a 
reality in the operating and production phase 
(Menezes, Cripps, Bouchlaghem & Buswell 
2011). According to Menezes et al. (2011) 
there is clear evidence that the buildings are 
not performing as expected and that it ari-
ses a gap between the expected and actual 
energy use. Some of the reasons for this are 
related to the use of unrealistic parameters in 
calculation models for buildings in relation 
to energy use, user behavior and manage-
ment (Menezes et al. 2011). Since  building 
requirements change over time, a different 
way to look at the gap between the expected 
and actual energy use is not to compare with 
the calculations from the design phase, but  
rather with the calculations done through out 
a buildings life cycle - year to year, month 
to month, week to week or even day to day.

Energy is necessary for the operation and 
use of buildings. Building related energy use  
accounts for about 40 percent of total energy 
use on average. Buildings are dependent on 
energy to function optimally and to meet the 
expectations of users. These expectations are 
in regard to temperature, air, lighting, elev-
ators, information and communication te-
chnology solutions and more. It takes more 
and more power to keep the technical sys-
tems and solutions running (Junghans 2012). 
Junghans 2012 writes that innovations are 
needed to increase energy efficiency and im-
prove infrastructure, operation and the usa-
ge of buildings. The goal is to use less and 
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cleaner energy while ensuring the usability 
and functionality of the building (Junghans 
2012). Junghans (2012) emphasizes that in 
order to achieve increased energy efficiency 
for buildings, new technological solutions is 
not the only answer. Improved knowledge of 
management and operation of buildings, as 
well as a focus on users’ understanding and 
behavior is necessary (Junghans 2012).

Increased energy efficiency may be the result 
of a more realistic calculation of the expec-
ted energy use, forward-looking solutions in 
relation to current and future requirements 
for buildings and a greater focus on the pro-
per use and management of buildings to en-
sure best practice. The gap between expected 
and actual energy use may be reduced - not 
only through more realistic calculations - but 
more importantly, through a greater under-
standing of how users will use the building 
and how the building can be managed acco-
rding to best practice. This is what we want 
to investigate in our master’s thesis, with a 
focus on the gap between expected and actu-
al energy use through the life cycle of exis-
ting non-domestic buildings in relation with 
management and use. With this in mind, we 
began to write down any questions we had 
and wanted an answer to. How easy is it to 
predict how a building actually is used? Is 
the building managed optimally? What is 
best practice? How is expected energy use 
calculated through out the life of the buil-
ding? How is it measured? What are the cau-
ses of the gap between expected and actual 
energy use? How can the gap be reduced? 
With the term gap we mean deviation. How 
is management and use related to this? These 

questions are the corner stone of our mas-
ter’s thesis and is reflected through our thesis 
question and associated research questions.

This master’s thesis is our independent con-
tribution to the research project within the 
Center for Real Estate and Facilities Mana-
gement at NTNU - described on the previous 
page. We have studied two existing non-do-
mestic buildings, Realfagbygget (univer-
sity and college building) and Miljøbygget 
(office building), to investigate the various 
factors related to energy efficiency with a fo-
cus on the gap between expected and actual 
energy use, management and use. The mas-
ter’s thesis shall present relevant case stu-
dies and findings in combination with good 
theory and literature in order to highlight the 
factors in management and use that can cau-
se gaps between expected and actual ener-
gy use for existing non-domestic buildings 
- and approaches for how it can be reduced. 
Knowledge and methods that can contribute 
to a reduction of the gap between expected 
and actual energy use can make it easier and 
more stable to manage buildings through a 
life cycle. At the same time, it may highlight 
the importance of both the management and 
use aspects for energy efficiency in existing 
non-domestic building.

1.1.1 Subject area

The subject area of the master’s thesis is real 
estate and facilities management with a focus 
on the discipline of facilities management. 
To clarify, when we write management, we 
refer to facilities management. In section 
2.5.1 it is explained that there are two ways
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of writing the term facilities management. 
We will use this term or ‘management’ in 
this master’s thesis. The topic to be inves-
tigated is energy efficiency through man-
agement and use of existing non-domestic 
buildings with a focus on the gap between 
expected and actual energy use.

1.2 Thesis question

We have chosen a thesis question based on a 
demand for more energy efficient buildings 
and allegations of a gap between expected 
and actual energy use, focusing on the gap 
for existing non-domestic buildings and how 
this relate to management and use of the 
buildings to improve energy efficiency. The 
thesis question is also selected on the basis of 
the research project presented in section 1.1. 
Ertsaas (2013) has written a master’s thesis 
in which she discusses the evaluation of en-
ergy use in passive house student apartments 
by focusing on a comparison between the 
calculated expected energy use in the design 
phase and the actual energy use in the ope-
rational phase. Ertsaas (2013) writes that the 
total energy use on average is about 60 per-
cent above the calculated level. She linked 
this to the users (residents) and their impact 
on energy use. In contrast to buildings with 
purposes of housing and a focus on the gap 
between calculations of expected energy use 
from the design phase and actual energy use, 
we want a different approach and will inves-
tigate two existing non-domestic buildings - 
buildings in an operation and use phase - and 
the gap between expected and actual energy 
use in this phase. On this basis we have for-
mulated the following thesis question:

This thesis question aims to investigate cau-
ses of gaps between expected and actual 
energy use in existing non-domestic buil-
dings.  Is the gap caused by unrealistic expe-
ctations from the calculation of expected 
energy use through the buildings life cycle, 
is the gap a result of improper use and mana-
gement of the building, and how can existing 
non-domestic buildings improve energy ef-
ficiency? A more realistic and accurate cal-
culation of expected energy use and proper 
management and use may help to reduce the 
gap between expected and actual energy use 
through out the life cycle of the building. A 
study of the causes and information associa-
ted with this thesis question may contribute 
to knowledge towards a more stable energy 
management of existing non-domestic buil-
dings through more a realistic and accurate 
calculation of energy use and possibly in-
creased energy efficiency through reduced 
energy use due to greater understanding of 
management and use.

1.2.1 Research questions

We have formulated and selected three rese-
arch questions to support, limit and answer 
the thesis question of our master’s thesis. 
The three research questions focus on diffe-
rent aspects to highlight important factors in 
regard to the presented thesis question. The 

Thesis question:
How to reduce a gap between expe-
cted and actual energy use in exis-
ting non-domestic buildings?
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three research questions are presented below.

The first research question is a basic and im-
portant question to ask because we have to 
know how the calculation of expected ener-
gy usage through the existing non-domestic 
buildings life cycle is preformed. This will 
partly involve examining how the calcula-
tion is performed and on which basis, who 
performs the calculation, when the calcula-
tion is carried out, which parameters or data 
that are used and how the calculation for 
some non-domestic buildings may look like.

The second research question is aimed at 
monitoring and measurement of energy use. 
What factors influence energy use and to 
what extent. By collecting different numbers 
and factors we will be able to see if there 
is an actual gap between expected and actu-
al energy use through out the buildings life 
cycle. If the building has been in operation 
and usage for several years, historical data 
on energy use will be helpfull for a better 
overview.

The third research question aims to investi-
gate, if possible, how the building was ori-
ginally planned managed and used and how 
the building is managed and used today. 
Has there been any changes? Has the buil-
ding improved the energy efficiency in it’s 
lifecycle? Is the building managed and used 
optimally or is there large discrepancies lea-
ding to higher energy use in different areas? 
What areas and circumstances are we talking 
about and what connections can be drawn 
towards the two other research questions? 
What might be the causes and how is it rela-
ted to management and use of the building?

1.2.2 Different subtasks

This master’s thesis is conducted by five dif-
ferent subtasks. The subtasks briefly explains 
the agenda and the order of what to be done. 
Subtasks and research method are described 
further and more detailed in chapter 3.

Subtask 1 - Literature study:

Literature study and review of important 
and relevant literature about building types,  
requirements, standards and laws, calculati-
on models, monitoring and measurement of 
energy use, management and operation (fa-
cilities management), energy efficiency, bar-
riers against energy efficiency and user beh-

Research question 1:
How is expected energy use calcula-
ted for existing non-domestic buil-
dings?

Research question 2:
What factors affect energy use in 
existing non-domestic buildings?

Research question 3:
How does the management and use 
affect the energy efficiency in exis-
ting non-domestic buildings?
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avior in non-domestic buildings.

Subtask 2 - Systematic selection method:

Identify and develop selection criteria for a 
systematic selection method for the selection 
of two representative case studies of existing 
non-domestic buildings.

Subtask 3 - Select buildings for case stu-
dy:

Use the systematic selection method on non- 
domestic buildings in Norway, specifically 
in the city of Trondheim. Discuss the bene-
fits and risks with the selections. The sele-
ction shall consist of two different existing 
non-domestic buildings.

Subtask 4 - Conduct case study:

Conduct case study of the two selected exis-
ting non-domestic buildings. This include 
gathering necessary data, interviewing key 
respondents (facilities managers and users), 
visit the buildings, taking pictures, docu-
menting and so on.

Subtask 5 - Present findings, analyze and 
compare:

Present the results and findings, analyse and 
compare.

1.3 Scope and limitation

This master’s thesis is the basis for evaluati-
on of the course AAR4992 - Master’s thesis 
in Real Estate and Facilities Management 

at the Norwegian University of Science and 
Technology in Trondheim, accounting for 30 
of the 120 number of credits. The master’s 
thesis is to be written in a 20-week period 
from the 10th of january to the 11th of june. 
The master’s thesis is written by two people 
- presented in the preface.

As mentioned, we want to investigate the 
energy efficiency of existing non-domestic 
buildings through a focus on the gap between 
expected and actual energy use and manage-
ment and use. The gap between expected and 
actual energy use is not focused on the gap 
between the calculations done in the design 
phase, but rather the calculations or measu-
res done through out the buildings life cycle, 
from year to year or even more detailed - 
hence ’existing’ non domestic buildings. If, 
it is possible to find the background for and 
the calculations of the expected energy use 
from the design phase this would be a good 
starting point, but we have experienced that 
it is harder to find relevant data on this for 
older buildings, both because requirements 
for the construction and requirements for 
energy has evolved and gotten stricter over 
time. As a result, our focus in rather on the 
gap between the expected and actual ener-
gy use throughout the existing non-domestic 
buildings life cycle and how this is related 
to management and use of the building. The 
thesis question and research questions refle-
ct the limitation of the master’s thesis. 

We have conducted a literature study to find 
relevant literature and theory to support the 
master’s thesis. The result of the literature 
study will limit the master’s thesis in some 
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degree based on the expectations we produ-
ce as a result of it and because the theory 
and literature is a part of the analysis, which 
intends to answer the research questions and 
thesis question and is the basis of the con-
clusion.

In section 3.3.2, we present selection crite-
ria for a systematic selection method which 
defines and limit the master’s thesis furth-
er through criteria for the selection of two 
non-domestic buildings for the case studies 
to be conducted. The gap between expected 
and actual energy use is most likely easiest 
to illustrate for newer buildings because of 
more relevant requirements, implemented 
technology and data readings. We therefore 
feel that it is appropriate to set a criteria in 
regard to the age of the buildings to be selec-
ted. The criteria of age should not be too old 
(maximum 15 years old), but not too new 
either (minimum two years old). The two 
selected existing non-domestic buildings for 
our case study - shall be located in the city 
of Trondheim. This means buildings which 
are built according to Norwegian laws, stan-
dards and requirements. We will look at lar-
ger buildings which has a usable floor space 
(UFA) greater than 3000 m2. These buildings 
must have a working building management 
system (BMS) which have worked in the 
building’s life cycle. If the buildings shall be 
relevant to us there must be a gap between 
expected and actual energy use, whether the 
gap is positive or negative is not that impor-
tant, but it would be interesting to investigate 
buildings that has both. In general we want 
to investigate rather new, medium-sized to 
large buildings which are good on paper 

with the necessary technology implemented 
such as BMS and energy monitoring system 
(EMS). There must also be users connected 
to the building and managers (or operators) 
who manages and operate the building. We 
will not go into great level of detail when 
it comes to construction, technical installati-
ons or different values and parameters in re-
gard to calculations and standards. We have 
taken the liberty to translate some sitations 
and models to english from norwegian do-
cuments and literature, since they only has 
been available to us in norwegian. In this 
master’s thesis it is the management and use 
that are focused on. The results are based 
on qualitative and quantitative data through 
data collection and study of documentation, 
reports, plans and interviews in a case stu-
dy. In our selection for the case study, we 
have tryed to get two different building ty-
pes, with different age to make the compa-
rison more interesting in our thinking. The 
two selected buildings are Realfagbygget 
(over 14 years old), which is a university 
and college building and Miljøbygget (over 
four years old), which is an office building. 
These two existing non-domestic buildings 
not only have a difference in age, but also in 
regard to their requirements. We think this 
is an interesting selection of cases because 
of the different aspects available as a result 
of this. We think it is an important part of 
the investigation to see historical results as 
far back as possible to see if there is a po-
sitive or negative development for the gap 
between expected and actual energy use and 
energy efficiency of the two buildings in our 
selection. Since most buildings and related 
systems and installations are improved over
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the years of the buildings life, previous data 
might be lost because of the updates made. 
We should have in mind that management, 
operation and use usually have a break-in pe-
riod - it takes time to find the optimal setup, 
tuning and procedures for the building. This 
break-ing period might take a year or two 
and even longer. This is also a difference in 
regard to the selected cases, where Realfag-
bygget has had a longer time to optimize and 
develop good management procedures, whi-
le Miljøbygget is a relatively new building 
in comparison.

To summarize, our master’s thesis is limi-
ted in regard to the explained focus through 
the thesis question and research questions, 
through the selected theory and literature and 
through the two existing non-dometic buil-
dings (the selected cases), which is selected 
through a set of criteria in a developed syste-
matic selection method. We have also limi-
ted the master’s thesis in regard to the level 
of details in construction, technical instalati-
ons and calculations. In figure 1 below is a 
simple overview of the master’s thesis, from 
our starting point; the gap between expected 

Figure 1 - Overview of the master’s thesis.
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and actual energy use in relation with ma-
nagement and use for existing non-domestic 
buildings and how we went from there by 
formulating a thesis question and research 
questions, and further through the selected 
and applied research methods and the stru-
cture of the master’s thesis.

1.4 Structure of the master’s 
thesis

The master’s thesis is structured by main 
chapters with different subchapters or se-
ctions. Below is a brief presentation of the 
chapters and a description of the content.

1 - Introduction:

Introduction to the master’s thesis which 
describes the background, subject area and 
discipline, thesis question, research questi-
ons, scope and limitations and the structure 
of this master’s thesis.

2 - Theory and literature:

In chapter 2 we present the selected litera-
ture and theory foundation for the master’s 
thesis. We have focused on presenting rele-
vant literature and theory which is the result 
of a literature study that we have conducted. 
This chapter has a summary at the end to dis-
play a shorter overview of the chapter.

3 - Research method:

In chapter 3, we present an introduction to 
research methods. Further, we present the 
research method used for our master’s thesis 

and study - how we intend to carry out our 
study and specific details in regard to this. 
Finally, we discuss the quality of research 
through two sub-sections about validity and 
reliability. This chapter has a summary at 
the end to display a shorter overview of the 
chapter.

4 - Presentation of cases and findings:

In this chapter, we present the two case stu-
dies and the findings from the case study and 
related interviews that we have conducted in 
this master’s thesis. The cases was selected 
on the basis of a systematic selection method 
and criteria presented in chapter 3. We also 
discuss the benefits and risks in relation to 
the selected cases.

5 - Analysis and comparison:

In this chapter, we analyse the cases, fin-
dings and the theory and literature. We also 
make comparisons between different factors 
and findings in the two cases presented in 
chapter 4. This chapter intends to answer the 
research questions and the thesis question.

6 - Conclusion:

Finally, we will make a short and concise 
conclusion in regard to the research questi-
ons and the thesis question.



Non-domestic building typologies - Master’s thesis in Real Estate and Facilities Management10

This page is intentionally blank



Non-domestic building typologies - Master’s thesis in Real Estate and Facilities Management 11

Chapter 2
Theory and literature - a foundation of the master’s thesis
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2.0 Theory and literature

In this chapter we present the theory and 
literature that the master’s thesis builds on 
- the master’s thesis theoretical foundation. 
This is knowledge and information that is 
collected by others and is called secondary 
data (Jacobsen 2005). The chapter aims to 
present central theory, knowledge, ideas and 
definitions that will form the basis for the 
analysis that we have presented in chapter 5, 
but will also support the rest of the master’s 
thesis. Theory and literature has been select-
ed on the basis of the research questions and 
to support the aspects of the master’s thesis. 
We will begin by presenting theory about 
building types, energy requirements and cal-
culation models. Furthermore, we will pre-
sent theory of monitoring and measurement 
of energy use. Finally, we present theory 
about management towards best practice and 

user behavior in non-domestic buildings. We 
have written a summery at the end of the 
chapter to give a simple overview. We have 
adapted some sections towards the selected 
cases to make the chapter more concise.

2.1 Building types

The total building portfolio in Norway is 
very complex and consists of many build-
ing types of different age (NVE 2014). A 
standard has been developed for creating a 
common norwegian platform with defini-
tions and systems for organizing informa-
tion related to property and buildings (Stan-
dard Norge 2013). The standard is called 
NS 3457-3:2013. Figure 2 below shows 
how the system for classification of build-
ings are structured (Standard Norge 2013).
The relationship between building part and 
rooms are clarified and there is also referred 

Building complex

Building type - Construction type

Rooms (between 
building elements) 

(Function area)

Building or con-
struction part
(Construction 

area)

Product

Zone System
Composed of 
one or more

Composed of 
one or more

Composed of 
one or more

Composed of 
one or more

NS 3457-2 Building complexes
(Byggverkskomplekser)

NS 3457-3 Building types
- Pragmatic
- Functional
- Form
NS 3457-5 Construction types

NS 3451 - Building parts
NS 3420BE
NS 3420
NS 3457-X Component types (TFM)
NS 3457-X Construction parts

NS 3457-X System types

NS 3457-4 
Room Functions

NS3457-X Zone types 
(Functional unit, fire, 
sound ect.)

Figure 2 - Edited system for classification of buildings (Standard Norge 2013, p. 3).
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to related tables and area types. The system 
is a collection of components or building 
parts that together complete a function. The 
zone on the other hand, is a collection of 
rooms, which both can be a logical grouping 
of rooms and a physical part of the building 
(Standard Norge 2013).

To classify a building type, it is important 
to know the building’s function, since the 
classification of buildings is done based on 
this. Buildings shall be classified according 
to what the building are used for by the or-
ganization. It is not the industry that the or-
ganization operates in that define this. Build-
ings containing multiple functions under one 
roof is to be classified by the function that 
uses the greatest usable floor space (UFA). 
Area and volume calculations of buildings 
is carried out according to the standard NS 
3940:2012 (Standard Norge 2013). 

Classification of buildings is performed by 
three levels. The first is by the main function 
on a one-digit level, the second is by build-
ing group on a two-digit level and the third is 
by building type on a three-digit level (Stan-
dard Norge 2013).

Instead of presenting all the different build-
ing functions, groups and types, we decided 
to present those who where relevant in re-
gard to the two selected non-domestic build-
ings for the case study in this master’s thesis.
There are two building main functions that 
are relevant for this master’s thesis; main 
function 3 (office and commercial building) 
and main function 6 (educational, sporting 
and cultural building). The relevant building 

groups and related building types for these 
two building main functions is presented be-
low (Standard Norge 2013). We have trans-
lated this from the norwegian standard NS 
3457-3:2013.

The relevant building groups for building 
main function 3 (office and commercial 
building) is; 31 - office building (Standard 
Norge 2013).

The relevant building types for building 
group 31 (office building) is; 311 - office 
building (Standard Norge 2013).

The relevant building groups for building 
main function 6 (educational, sporting and 
cultural building) is; 62 - university and col-
lege building (Standard Norge 2013).

The relevant building types for building 
group 62 (university and college building) 
is; 621 - building with integrated functions, 
auditorium, reading room etc. (Standard 
Norge 2013).

All building main functions, building groups 
and building types is shown in the norwe-
gian standard NS 3457-3:2013 (Standard 
Norge 2013).

According to NS 3457, a building is defined 
as a “[...] structure that has one of its main 
purposes to provide protection for those who 
stay there or the objects that is stored there, 
and is usually enclosed and intended to be 
permanently in a place” (our translation) 
(Standard Norge 2013, p. 4). A structure is 
defined as “[...] “anything that is built or is a
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result of construction work” (our transla-
tion) (Standard Norge 2013, p. 4) after the 
same standard.

2.2 Energy requirements

During the last 20 years, we have seen strict-
ened energy requirements in technical regu-
lations for new buildings. As a result, there 
is many who envisions a reduction in energy 
use in non-domestic buildings. Despite in-
creasingly stringent energy requirements for
new buildings, there is still some uncertan-
ties in regard to how energy use will develop 
in the future. The uncertanties is particularly 
related to two factors - the relationship be-
tween expected energy use which is based on 
calculations and what the building actually 
use, that are based on measured values, and 
the uncertanty in regard to how the building 
area progesses and develop over time (The-
ma Consulting group 2012). 

Even though the energy limits in the tech-
nical building regulation named Byggtek-
nisk forskrift in norwegian has been reduced 
greatly over the years, the measured and pre-
dicted values do not always correspond with 
each other. There may be several reasons for 
the gap between calculated and measured 
energy use. Several interviews and quantita-
tive comparisons indicate that newer build-
ings have more technical installations and 
systems that require optimal operation to 
function properly. There are also indications 
that building owners do not have the suffi-
cient focus on the operating part in regard 
to management and operation of the build-
ing. New and advanced technical solutions 

increases the likelihood of possible errors, 
which will lead to an increased energy use 
for the building. There is in particular cool-
ing and ventilation which use more energy 
than the estimated values (Thema Consul-
ting group 2012).

How the total energy use will evolve in 
non-domestic buildings is dependent on the 
energy limits in future building regulations 
and to what extent the energy limits are 
complied with in regard to use of buildings, 
and the development of building area. As a 
result, a decline in energy use will depend 
on tightened energy limits and whether we 
are able to fulfill them in practice (Thema 
Consulting group 2012).

2.2.1 Current requirements

When a building is to be constructed you 
must follow the regulations and require-
ments of Byggteknisk forskrift. Byggtekni-
sk forskrift is updated from time to time, 
regulate the quality of buildings and poses 
stricter requirements for buildings’ energy 
demand, which shall ensure that new build-
ings are more energy efficient (NVE 2014).

As stated, there has been developed several 
technical building regulations named Bygg-
teknisk forskrift in norwegian over the years, 
where the last was implemented from 2010, 
often called TEK 10 (Byggteknisk forskrift 
(TEK 10) 2010). Further described, this reg-
ulation is intended to ensure that buildings 
and measures are planned, that the building 
is designed and that the buildings are built 
in regard to visual quality, universal design, 



Non-domestic building typologies - Master’s thesis in Real Estate and Facilities Management 15

and that measures for technical requirements 
are set in relation to safety, health, environ-
ment and last, but not least, energy (Byg-
gteknisk forskrift (TEK 10) 2010).

In terms of energy, TEK 10 § 14-1 (general 
requirements for energy), under the first and 
second sub-sections states that: ”(1) Buil-
dings shall be designed and constructed so 
that low energy and environmentally ener-
gy supply is promoted. Energy requirements 
apply to the buildings’ heated usable floor 
space (UFA). (2) Calculations of buildings’ 
energy demand and heat loss figures shall be 
performed in accordance with Norsk Stan-
dard NS-3031:2007 Calculation of energy 
performance of buildings - Method and data. 
[...]” (our translation) (Byggteknisk forskrift 
(TEK 10) 2010, § 14-1). There is also a para-
graph for energy efficiency under § 14-2, 
which under the first sub-section states that: 
”(1) Buildings shall meet the level specified 
in § 14-3, or having a total net energy de-
mand less than the energy limits specified 
in § 14-4. Minimum requirements in § 14-5 
shall be met either § 14-3 or § 14-4 is used. 
[...]” (our translation) (Byggteknisk forskrift 
(TEK 10) 2010, § 14-2).

In regard to § 14-4 (energy limits) the total 
net energy demand for buildings shall not 
exceed the limits presented below (Bygg-
teknisk forskrift (TEK 10) 2010, § 14-4). In 
multi-purpose buildings, the building shall 
be divided into zones based on building 
groups and the respective energy limits shall 
be met for each zone (Byggteknisk forskrift 
(TEK 10) 2010, § 14-4). The numbers pre-
sented below are total net energy demand 

(kWh/m² heated UFA per year) for the se-
lected non-domestic building types in our 
case study (Byggteknisk forskrift (TEK 10) 
2010, § 14-4): 

Office building:         150
University/college building:        160

So, TEK 10 has two ways to meet the re-
quirements of energy efficiency - the energy 
measures method in regard to § 14-3 and en-
ergy limit method in regard to § 14-4. In the 
energy measures method the building meet 
the energy reguirements by fulfilling a set of 
requirements for individual building parts 
and components. In the energy limit method 
the building meet the energy requirements 
by fulfilling requirements to the total net 
energy demand of the building. Whichever 
method that is chosen, the building has to 
fulfill a set of minimum U-values for build-
ing components and leakage rate in regard 
to § 14-5 (Lavenergiprogrammet 2014). We 
will get back to this in section 2.3.2.

2.2.2 Developments from former te-
chnical building regulations

There has been several developments in re-
gard to energy efficiency the last 60 years. 
The technical building regulations (TEK 49 
and TEK 87) from 1949 to 1987 lead to in-
creased energy demand for several building 
types. The explanation for this was increa-
sed requirements for indoor air quality, par-
ticularly increased amount of ventilation air 
that had to be heated, which resulted in a 
higher energy demand. The technical buil-
ding regulations (TEK 97) from 1997 had a 
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much greater focus on reducing energy 
demand (NVE 2014). One of the biggest 
changes in the technical building regulation 
(TEK 07) from 2007 is the calculation met-
hods and level of net energy demand (Ha-
reide 2009). From 2015, it is expected new 
energy limits, which may be at approximate-
ly, passive house level (NVE 2014). This is 
also announced in a climate report from the 
norwegian ministry of environment (Miljø-
verndepartementet 2012).

Simulations with SIMIEN estimate the fol-
lowing developments of energy limits for to-
tal net specific energy demand per TEK-level 
- based on ideal conditions (Enova 2012a):

Office buildings (Enova 2012a):

- Older (kWh/m2)        276
- TEK 49 (kWh/m2)        271
- TEK 69 (kWh/m2)        287
- TEK 87 (kWh/m2)        250
- TEK 97 (kWh/m2)        204
- TEK 07 (kWh/m2)        167
- TEK 10 (kWh/m2)        136
- Low-energy buildings (kWh/m2)      101

University/college buildings (Enova 2012a):

- Older (kWh/m2)        270
- TEK 49 (kWh/m2)        255
- TEK 69 (kWh/m2)        309
- TEK 87 (kWh/m2)        273
- TEK 97 (kWh/m2)        224
- TEK 07 (kWh/m2)        181
- TEK 10 (kWh/m2)        144
- Low-energy buildings (kWh/m2)      105

For existing buildings, calculated specific 
delivered energy per TEK-level - based on 
more real conditions with additions for mea-
sures like operation and use (among others) 
give the following estimates (Enova 2012a):

Office buildings (Enova 2012a):

- Older (kWh/m2)        311
- TEK 49 (kWh/m2)        304
- TEK 69 (kWh/m2)        308
- TEK 87 (kWh/m2)        295
- TEK 97 (kWh/m2)        218
- TEK 07 (kWh/m2)        157
- TEK 10 (kWh/m2)        114

University/college buildings (Enova 2012a):

- Older (kWh/m2)        304
- TEK 49 (kWh/m2)        286
- TEK 69 (kWh/m2)        330
- TEK 87 (kWh/m2)        320
- TEK 97 (kWh/m2)        239
- TEK 07 (kWh/m2)        169
- TEK 10 (kWh/m2)        119

2.2.3 Low-energy buildings

Passive house buildings are buildings that 
use substantially less energy than the avera-
ge buildings of today do. This is especially 
in regard to the heating factor of buildings. 
The measures that enable a reduced energy 
demand is better density in walls, floors and 
ceilings, extra insolation, better windows, 
the use of solar energy and re-use of heat 
from the ventilation systems (NVE 2014).

The norwegian standard NS 3701:2012 con-



Non-domestic building typologies - Master’s thesis in Real Estate and Facilities Management 17

tains the criteria for passive houses and low 
energy buildings specified for non-domestic 
buildings (Standard Norge 2012).

The norwegian standard NS 3701:2012 has 
a practical use in regard to planning, con-
struction and evaluation of non-domestic 
buildings which has a low energy demand. 
The standard has been written as a result of 
a demand for energy efficient buildings or 
rather buildings with a low energy demand. 
In regard to this it was necessary to develop 
a standard with definitions and requirements 
for this type of buildings (Standard Norge 
2012).

For passive houses the total net energy de-
mand (kWh / m² heated UFA per year) for 
office buildings and University/college 
building is (Boligenøk 2014):

Office building:           95
University/college building:          95

In comparison with TEK 10, this is a redu-
ction of 37 percent for office buildings and a 
reduction of 41 percent for univeristy/colle-
ge buildings (Boligenøk 2014).

Today, there is mostly office buildings that 
is constructed as passive house buildings, 
even though there is passive house buildings 
in all building groups. One factor for this is 
that office buildings - arguably - are easier to 
achieve as a passive house building. An other 
factor is that many organizations are keen to 
convey that they are concerned about the en-
vironment and want to take responsibility by 
using less energy (NVE 2014). NVE (2014) 

states that it is important for some organiza-
tion to get energy label A, which almost co-
rresponds with passive house level. We will 
get back to energy labeling in section 2.3.3.

2.2.4 Future requirements

As we have presented earlier - requirements 
may be an important factor for more energy 
efficient buildings. The norwegian govern-
ment has announced that there will be new 
energy requirements from 2015 which will 
be on a passive house level. In this regard, 
there have been given tasks to depict po-
tential energy regulations and requirements 
(Direktoratet for byggkvalitet 2013). Ram-
bøll has proposed changes to TEK (techni-
cal building requlations) for new buildings 
(Rambøll 2013). In a report to Direktoratet 
for byggkvalitet (this is the norwegian di-
rectorate for construction quality), Rambøll 
suggest two alternatives changes to the te-
chnical regulations and requirements - in 
regard to energy efficiency (Rambøll 2013). 
The first alternative is a proposal to a sim-
plified and more cost effective tightening of 
energy requirements in regard to cost opti-
mization, and is much based on the current 
design of energy requirements. The changes 
are mainly directed to remove the energy 
measures method and that the new energy 
limits for different groups of non-domestic 
buildings should be reduced with around 40 
percent. Suggested improvement areas are 
more efficient ventilation systems and me-
asures to reduce air leaks, aswell as better 
controlling of lighting and ventilation, and 
also more energy efficient windows (Ram-
bøll 2013).
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The second alternative focus on to achieve 
the goal of passive house level where the 
most important changes are that the cal-
culation point changes to delivered energy 
corrected for energy commodity and an im-
plemented upper limit for heat loss figures. 
To change the calculation point may result 
in that good energy supply solutions are cre-
dited in regard to meet the requirements of 
the energy limits. This alternative will invol-
ve a stricter level of requirements since the 
changes will increase the flexibility to the 
calculation point in regard to techincal so-
lutions (Rambøll 2013).

To sum up, Rambøll (2013) find it needed 
to simplify the requirement options to one 
instead of two - just the energy limit met-
hod. With just one method, the regulation is 
easier to follow, and may give an improved 
safety for a reducation in energy use (Ram-
bøll 2013).

2.3 Calculation models

2.3.1 Calculation of energy perfor-
mance

Calculation of energy performance can be 
done according to standard NS 3031:2007 
(Standard Norge 2007b). The standard NS 
3031:2007 is used to assess whether a buil-
ding meets the energy requirements defined 
in the technical building regulations (TEK 
10) that we presented in section 2.2.1 (Byg-
gteknisk forskrift (TEK 10) 2010) and is 
also included in the calculations in regard 
to requirements to passive house buildings 
and low energy buildings through the nor-

wegian standard NS 3701:2012 (Standard 
Norge 2012). The standard is also used to 
document the theoretical energy require-
ments, as well as to show a general level of 
existing buildings energy demand. The stan-
dard can be used to calculate alternative so-
lutions to optimize energy performance and 
can assess measures to improve the energy 
performance of existing buildings (Standard 
Norge 2007b). This standard contains three 
different calculation methods where the first  
is monthly calculation (stationary method) 
done in regard to NS-EN ISO 13790, the se-
cond is simplified hour calculation (dynamic 
method) according to NS-EN ISO 13790, 
and the third is detailed calculation pro-
grams (dynamic method) which is validated 
according to NS-EN 15265 (Standard Norge 
2007b).

The choice of calculation method shall be 
made based on the availability of data, ap-
propriate detail, reproducibility in the calcu-
lation or accuracy (Standard Norge 2007b). 
NS 3031:2007 states that: ”The choice of 
calculation method will typically depend on 
how the current building is intended or used 
(categories of domestic or non-domestic 
buildings), complexity of the building and 
systems, if the building is new or existing 
and the purpose of the energy calculation” 
(our translation) (Standard Norge 2007b, 
p. 16). It is important to have in mind that 
calculations are done based on standardized 
parameters, values and data which may not 
translate to reality (Standard Norge 2007b).
In figure 3 on the next page is an edited 
overview of the whole calculation procedure 
shown, which is presented in NS 3031:2007.
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Figure 3 - Edited overview of the calculation procedure presented in NS 3031:2007 
(Standard Norge 2007b, p. 5).

Determine input data for building body 
and ventilation

Calculate the heat loss coefficient and heat loss figures

Determine the input data for energy cal-
culations (internal heating supplement, ef-
fects, setpoint temperature, operating times, 

data for calculating sun ect.)

Determine eventual atonement of the 
building

Select the appropriate energy calculation 
method based on building category and 

thesis question (monthly calculation or 
dynamic method)

Calculate net energy demands and energy budgets for 
all energy posts (heating, hot water, fans and pumps, ligh-

ting, equipment and cooling)

Determine input data for the calculation of 
delivered energy (effect level of energy sys-
tems, cooling and heating factors and units of 

different energy products)

Calculate demand for delivered energy (electricity, oil, 
gas, district heating, biomass and possibly other energy 

products)

Determine primary energy factors and CO2 
factors, energy policy weighting factors 

and energy prices

Calculate primary energy demand, CO2 emissions, ener-
gy costs and any energy policy energy demand

Report 
input data and results
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The calculations are made according to for-
mulas, parameters, values and tables pre-
sented in NS 3031:2007 and in a range of 
other standards that are necessary (Standard 
Norge 2007b). We have translated figure 3 
from norwegian to english - which make the 
figure an edited version of the one presented 
in NS 3031:2007 (Standard Norge 2007b, p. 
5).

Energy demand is one of the calculation 
areas that are presented in NS 3031:2007 
(Standard Norge 2007b). Energy demand are 
distinguished between theoretical and actual 
energy demand. The energy demand are in-
dividual for each building. Both energy use 
and performance is dependent on the energy 
demand and there is often a clear distincti-
on between them (Hareide 2009). Energy 
demand is based on heating, lighting, fans 
and pumps, technical equipment, cooling 
of rooms, cooling coils, heat loss and hea-
ting supplement in regard to NS 3031:2007 
(Standard Norge 2007b, Hareide 2009). The 
heating demand can be covered by different 
types of heat sources, which have different 
efficiencies to each. The remaining energy 
demand is for components which require 
electricity (Hareide 2009).

Theoretical energy demand is the net ener-
gy demand for buildings (Hareide 2009), 
and can be defined as the ”buildings total 
heat capacity divided by the heated part of 
the UFA” (our translation) (Standard Norge 
2007b). Hareide (2009) writes that theoreti-
cal energy demand describes the properties 
of the body of building and how well the 
building utilizes passive supplementations. 

The teoretical energy demand (net energy 
demand) can be calculated, but not measu-
red, which makes it an abstract concept (Ha-
reide 2009). Net energy demand can also be 
described as the minimum amount of energy 
that is required by the buildings total energy 
posts when efficiencies of the energy system 
is equal to 100 percent - where the building 
properties depend on the materials, quality, 
technical qualities and proportion of window 
area (Hareide 2009).

Actual energy demand can be described as 
a buildings real energy demand since it is 
based on real energy use. The actual energy 
demand is calculated by multiplying mea-
sured or statistical values for the buildings 
energy use with system efficiency degree for 
heating and energy system in the building. 
In relation to the theoretical energy demand, 
the actual energy demand give a more ac-
curate illustration of the building’s energy 
demand as it is calculated based on the real 
energy usage (Hareide 2009).

The discrepancy between theoretical and ac-
tual energy demand is primarily dependent 
on the buildings quality and the usage pat-
tern. For non-domestic buildings, deviations 
occur because operating hours may be high-
er than the values given in NS 3031:2007. 
Heat loss that occurs due to material and 
construction errors is an other aspect that are 
not included in any calculation and may in-
crease the discrepancy even further (Hareide 
2009).

SINTEF Byggforsk has conducted inter-
views with different organizations and advi-
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sors in regard to use of calculation tools in the 
construction business. The main calculation 
tool used for energy calculations is SIMIEN, 
while others also use or supply with devel-
oped excel sheets. The calculation tools are 
used in relation with TEK, energy labeling, 
effect demand, and passive house standards. 
An interesting factor from the conducted in-
terview is that there is little experience with 
actual energy use in contrast with calculated 
energy use, which is explained by that the 
advisors rearly follow up on the buildings 
while they’re in an operation and use phase. 
Gaps between calculated energy use and ac-
tual energy use is explained with standarized 
input data which do not always translate to 
reality because of different usage behavior 
(Dokka, Svensson, Wigenstad, Andersen, 
Simonsen & berg 2011).

It is also discussed that there are different 
approaches to the use of NS 3031:2007 and 
that there is need for a more concise inter-
pretation in regard to energy calculations 
and standards (Dokka et al. 2011).

2.3.2 Calculation of energy require-
ments

Calculation of energy requirements can 
in regard to the techinical building regu-
lation (Byggteknisk forskrift, TEK 10) be 
performed by two different options, as de-
scribed before. These two options are a en-
ergy limit method and a energy measures 
method. With the energy limit method there 
is given an energy limit for each building 
type. With standardized climate in Oslo as 
a starting point, there is made an estimate of 

the net energy demand according to standard 
NS 3031:2007. The result must be better 
than the energy limit for the building type 
(Dokka et al. 2011). With the energy mea-
sures method it is not required to make an 
energy calculation of the building. It is requ-
ired to meet specified energy measures (re-
quirements) given in the techinical building 
regulation (Byggteknisk forskrift, TEK 10) 
and thus one may assume that the regula-
tion’s energy requirements are met. You may 
redistribute within structural measures, pro-
vided that the building’s heat loss numbers 
do not increase (Dokka et al. 2011).

2.3.3 Energy labeling system

A energy labeling system, Energimerkesys-
temet in norwegian, was implemented on 
the 1st of July 2010 and is mandatory. The 
responsibility for this system is assigned to 
Norges vassdrags- og energidirektorat, NVE 
(Dokka et al. 2011).

The energy label for buildings will be pre-
pared based on the calculated supplied en-
ergy with standardized climate, as well as 
other standardized input and calculated ac-
cording to standard NS 3031. There will 
also be a heating rating in the calculation, 
which indicates how high or low proportion 
of electricity and fossil fuels that is used for 
heating. The rating scale goes from A to G, 
where A is low energy use and G is high en-
ergy use. The aforementioned heating rating 
scale from light to red and indicates as stated 
before, the level from low to high proportion 
of electric heating and fossil fuels (Dokka et 
al. 2011). 
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Figure 4 below shows an edited model for 
energy labeling. This model is based on cri-
teria of energy delivered per m2 heated UFA 
(kWh/m2) and proportion of electricity and 
fossil fuels. 

In table 1 on the next page is an edited over-
view of the criteria for energy rating, which 
is edited from an original excel sheet (En-
ergimerking 2013).

In table 2 on the next page is an edited over-
view of the related preconditions in regard to 

the criteria for energy rating (Energimerking 
2013).

In table 3 on the next page is also an edited 
overview of the criteria for heating rating. 
The proportion of electricity and fossil fuels 
must be below the values given (percentag-
es) in the table to achieve the color gradua-
tions (Energimerking 2013).

We have only shown the criteria for the 
building groups of office buildings and uni-
versity and college buildings.

Figure 4 - Edited model for energy labeling (Energimerking 2011, p. 1).
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Table 1 - Edited table of criteria for energy rating (Energimerking 2013).

Table 2 - Edited overview of related preconditions in regard to the criteria for energy 
rating (Energimerking 2013).

Table 3 - Edited overview of the criteria for heating rating (Energimerking 2013).
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2.4 Monitoring and measurement 
of energy use

Enova has developed an energy statistics 
where it was presented specific energy use 
for 2011 of different building groups (Enova 
2014). Energy use is “[...] the use of all en-
ergy commodities” (our translation) (NVE 
2014, p. 8). There are seven main groups of 
energy commodities. These are bioenergy, 
coal, district heating, electricity, gas, gaso-
line/diesel and oil - which are converted to 
kWh (NVE 2014). 

Figure 5 below shows an edited overview 
of the energy use in 2011 - more spesific, a 
representation of average temperature and 

location corrected specific energy supplied 
for different building groups. We can see the 
proportion of energy that is used for the dif-
ferent building groups, as well as how large 
the total energy use is in kWh/m2 which is 
temperature and location corrected supplied 
energy (Enova 2014). The office buildings 
used 215 kWh/m2 and the university and 
college buidlings used 251 kWh/m2. There 
was 293 office buidlings and 46 university 
and college buildings included in this statis-
tics (Enova 2014). As we can see in figure 5, 
electricity is the main energy carrier for all 
the building groups, with exception for large 
residental buildings where also district heat-
ing is a main energy carrier (Enova 2014).

Figure 5 - Edited overview of energy use in 2011 (Enova 2014).
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There are several organizations who fo-
cus on energy efficiency in buildings. One 
of these organizations are Entro, which is 
an advisory consulting organization with a 
focus mainly on energy and environment, 
located in Trondheim, Oslo and Stockholm 
(Entro 2014a). Entro has a monitoring tool 
(Entro Optima) which is available online for 
users. This monitoring tool helps to give an 
overview of the energy use in buildings (En-
tro 2014b).

Determination of total energy use and per-
formance can be calculated according to 
standard NS-EN 15603:2008 (Standard 
Norge 2008). This standard presents a gen-
eral framework for assessing the total ener-
gy use in a building, and also lays the basis 
for calculation of energy ratings in terms of 
primary energy, parameters or emissions of 
CO2. There are separate standards for calcu-
lating energy use  by for example heating, 
cooling, hot water, lighting or ventilation. 
These standards are used in combination to 
show the total energy use  according to NS-
EN 15603:2008 to present an overview of 
the total energy use in buildings (Standard 
Norge 2008). Measurement and verification 
of energy use may also be done according to 
NS 3031:2007 (Dokka & Grini 2013).

2.4.1 Measurement with technology 
and systems

Measurement of energy use requires an in-
stalled building management system (BMS) 
or separate sub-monitoring devices for 
energy (Dokka & Grini 2013). A BMS is a 
system for the management, regulation and 

supervision  of the technical installations in 
the building (NVE 2013). For non-domestic 
buildings, it is desirable that the installed 
measurement structure reflects the layout 
that exists in NS 3031:2007 (Dokka & Gri-
ni 2013). Figure 6 below shows an edited 
recommended measurement structure for 
non-domestic buildings.

Heat delivery to the building

Power supply to the building

Power supply to outdoor areas

Radiator circuits

Optionally heating

Optionally aerotempere

Ventilation circuits

Hot water heating

Pumps

Fans

Lighting circuits

Equipment: Stick, computer 
room, elevator, kitchen ect.

Cooling machines

Outdoor lights

Street heat

Ice melters in the gutters

Areas outside the heated 
part of the UFA

Figure 6 - Edited overview of recommen-
ded measurement structure for non-do-
mestic buildings (Dokka & Grini 2013, p. 
45).
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In figure 6, the main monitors has a dark 
grey background, while the sub-monitoring 
devices have a medium grey background. 
Monitoring devices that can not communi-
cated data is considered to be outdated. Ac-
cording to measurement of energy use, it is 
important with monitoring devices which 
can communicate data to the data acquisi-
tion systems (Dokka & Grini 2013). Ener-
gy monitoring is an important tool related 
to energy efficiency (Enova 2004). Energy 
monitoring can be described as “[...] a sys-
tematic and periodic control of the energy 
access and energy use, where energy use is 
compared with the outdoor temperature, as-
sessed against produced commodity” (our 
translation) (Enova 2004, p. 4). This shall 
be compared against parameters influencing 
energy use (Enova 2004). A energy monitor-
ing system (EMS) is a tool to get a overview 
of energy, water and waste data (NVE 2013). 
EMS is an important activity and system to 
reduce energy use and  help to keep control 
of the energy data in buildings (Enova 2004). 

Measurement of electrical energy consists of 
implementing measuring instruments (mon-
itoring devices) in the circuit between the 
consumption  place and the supply place. 
There are several types of monitors and en-
ergy meters to measure electric energy, and 
it is becoming more and more common with 
main monitoring devices with automatic 
meter reading and a two-way communica-
tion with the grid owner (Dokka et al. 2011).

Measurement of thermal energy consists of 
inserting measuring instruments to measure 
water volume and temperature differences in

the water circuits. Energy meters for thermal 
energy can be installed on different levels, 
from the main monitors for hydronic energy, 
circuit meters on the pipe circuits and meters 
on radiators. It varies between manual and 
automatic meter reading (Dokka et al. 2011).

Measurement of efficiency degree of heat 
recovery, specific fan effect and air flow are 
very important parameters for a building’s 
energy use, especially for non-domestic 
buildings. Air quantities and effect usage of 
ventilation fans must be recorded to measure 
the specific fan effect. This describes the 
effect factors of the air distribution system 
(Dokka et al. 2011).

Expected energy use can be calculated or be 
based on measured values of specific energy 
use. Expected energy use for a non-domestic 
building built according to technical build-
ing regulations can be calculated in regard 
to NS 3031:2007. Measured energy data are 
usually collected from energy monitoring 
systems. The measured energy data provide 
a good indication of what the specific build-
ings actually uses of energy - the actual en-
ergy use. Measured energy data may be used 
to indicate expected energy use. Expected 
energy use is also based on assumptions and 
experiences in regard to different factors in-
volving the building (NVE 2013).

2.4.2 Impact factors on energy use

Energy use in non-domestic buildings will 
be affected by a number of factors and choic-
es made throughout the life of the building. 
Factors and choices from the planning, de-
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sign, construction, takeover, operation, 
maintenance and use of the building will im-
pact the buildings energy use and efficiency. 
The choices are influenced by government 
requirements, building technical capabili-
ties, as well as the owner and users desires, 
priorities and requirements (NVE 2013).

It is the building owner who make the crucial 
choices about the location, structure, specifi-
vations, solutions and construction process. 
The government set the requirements and the 
available technology for installations, com-
ponents and systems affect the choices.  All 
these factors will lay the basis of the build-
ing, which will impact the energy use later 
on, when the building is taken over and the 
operation and use phase start (NVE 2013).

The energy use will be further affected by 
whether both the building and the technical 
installations and systems are constructed and 
carried out as planned and that they work 
optimally and as intended, together. The 
technical installations and systems need to 
be tested, adjusted and set correctly to work 
optimally (NVE 2013).

Good facilities management can improve 
indoor air quality and temperature control, 
while not wasting energy unnecessarily 
(NVE 2013). Facilities management is a cen-
tral factor in regard to energy performance 
and use. Facilities managers has the respon-
sibility to manage, operate and maintain the 
building. If facilities management activities 
are carried out in an optimal way, it may re-
sult in a more energy efficient building (Me-
nezes et al. 2011).

Users affect energy use in non-domestic 
buildings by their requirements for indoor 
air quality and temperature and their be-
havor towards the choices of equipment, 
devices and active choices like to turn off 
equipment, devices or lighting when it not 
needed (NVE 2013). Users and their behav-
ior is therefore a central factor in regard to 
energy use and efficiency. While users of 
non-domestic buildings not always have di-
rect control over a buildings indoor climate, 
they influence the energy efficiency through
their behavior and requirements (NVE 2013, 
Menezes et al. 2011).

The direct impact factors for existing non-do-
mestic buildings are technical installations 
and systems, operation and management 
systems, equipment, devises and the outdoor 
tempereature. Techincal installations and 
systems include heating systems, cooling 
systems, ventilation systems, fans,  pumps, 
and lighting (NVE 2013). The operation of 
the technical installations and systems is 
a big impact factor for the energy use and 
energy efficiency in a non-domestic buil-
ding. The reason for this is more complex te-
chnical installations and systems that need to 
be operated, which gives room for error and 
un-optimal operation of buildings. While th-
ere are technical building regulations that sta-
te requirements for the technical equipment 
to be installled, there is no requirements for 
how the buildings should be operated opti-
mally. A lack of focus on monitoring energy 
use will not lead to an optimal operation of 
the technical installations and system, which 
will reduce the building energy efficien-
cy through higher energy use (NVE 2013). 
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Energy management and leadership to make 
sure there is a close and focused monitor-
ing of energy use and optimal operation is 
imporant and will depend on expertise and 
a feeling of ownership. Important impact 
factors for energy use  in regard to operati-
on may be; leadership, expertise, experience 
and motivation, focus on building technical 
solutions and interaction, inspection, trou-
bleshooting and maintenance of technical 
installations and systems during operation, 
and last but not least, to utilize the managing 
capabilities of the technical installations. A 
EMS and a BMS with installed energy mo-
nitoring devices makes it easier to visualize 
energy use to get the right basis and focus on 
energy management (NVE 2013).

Elevators use a lot of energy, but is often re-
quired from a universal building perspective. 
Equipment such as computers and printers 
has become more energy efficient, but there 
are more equipment and devices now than 
before (NVE 2013).

Energy costs in Norway has increased since 
2000 - both for electricity and oil. Electric-
ity was at ~ 0,33 NOK/kWh and oil was at 
~ 690 NOK/barrel in 2012, compared to ~ 
0,14 NOK/kWh for electricity  and ~ 260 
NOK/barrel for oil in 2000. This is figures 
based on the service industry. Energy pric-
es are one factor that affects energy behav-
ior. This is because low energy prices often 
leads to a lower focus on measures to reduce 
energy use, since we can use more energy 
for a lower cost. With this in mind, it is very 
possible that higher energy prices have part-
ly led to a greater focus on energy use and 

energy efficiency in non-domestic buildings 
(NVE 2013). Electricity is the most used en-
ergy commodity. About 80 percent of energy 
use in residental and non-domestic building 
are covered by electricity and can be ex-
plained by that most devices are electric. In 
non-domestic buildings, electricity is used 
for technical installations, systems, lighting 
and equipment etc. Electricity for heating of 
buildings varies with the outdoor tempera-
ture, but new technologies such as air to air 
heat pumps has reduced the growth in annu-
al energy use (NVE 2014).

The outdoor temperature is an imporant fac-
tor for energy use, since heating of buildings 
use a lot of energy. Heating varies with the 
outdoor temperature and the energy use of 
buildings will vary depending on warm and 
cold years. To make the energy figures com-
parable and to get a more accurate picture of 
energy use over different years, the energy 
use are normalized by a temperature correc-
tion. Temperature correction is an important 
method to display the energy use correctly 
for different years (NVE 2014). To calculate 
the temperature corrected energy use - the 
following formula may be used;

“Energy usetc = Energy usem * [(Proportiontd 
* (DDFny/DDFmy)) + Proportionti]” (our 
translation and changes) (NVE 2014, p. 44).

The following explanations help to under-
stand the formula;

“Energy usetc = temperature corrected ener-
gy use
Energy usem = measured energy use that year
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Proportiontd = proportion of temperature de-
pendent energy use
Proportionti = proportion of temperature in-
dependent energy use
DDFny = number of degree day figures in a 
normal year
DDFmy = number of degree day figures that 
year” (our translation and changes) (NVE 
2014, p. 44).

A degree day figure (DDF) is a measure of 
how cold it has been and how much energy 
that is used on heating (NVE 2014).

Changes in temperature is described as the 
most significant factor for the development 
of energy use (Døhl, Ø. 1999). Average 
annual temperature has increased by about 

one degree celsius since the reference peri-
od of 1961-1990 to 2011. Increased tempe-
rature will not necessarily result in a lower 
energy use for non-domestic buildings. Th-
ere might be less energy needed for heating, 
but at the same time more energy is needed 
for cooling (NVE 2013).  For Trøndelag, the 
area in Norway where Trondheim is loacted, 
the average annual temperature is somewhe-
re between one and six degree celsius based 
on the reference period of 1961-1990 (Mete-
orologisk institutt 2014a).

In figure 7 below shown an overview of tem-
perature deviations from normal per year for 
Trøndelag.

Figure 7 - Overview of temperature deviations from average annual temperature per year 
for Trøndelag (Meteorologisk institutt 2014b).
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The main temperature development trend 
for Trøndelag the last 100 years is that it has 
gotten increasingly hotter. The temperature 
in the periode of 1900 until approximately 
1985 was close to the average annual tempe-
rature. From 1985 towards 2007 it has gotten 
warmer than normal (Meteorologisk institutt 
2014b).

The growth in population in Norway is also 
a driver for higher overall energy use, while 
passive houses and low energy buildings 
have helped to reduce the growth in energy 
use (NVE 2014). Population growth is an 
important long term factor if you look at the 
energy use in the whole of Norway, but it 
might also be an imporant factor in the future 
of non-domestic buildings, because more 
population will result in larger non-domestic 
building area as a result of a greater demand 
for employment (NVE 2014). An other im-
portant factor is economic growth. Econom-
ic growth can be connected to the energy use 
in non-domestic buildings because a better 
economy often result in a higher demand for 
services and goods, which again result in a 
greater production and use of different build-
ing types (NVE 2014). Although population 
and economic growth are important in a long 
term perspective, these are macro-economic 
issues which we will not have a focus on in 
this master’s thesis.

2.5 Management towards best 
practice

2.5.1 Facilities Management

Management of facilities is called facilities

management in british, facility management
in american english and is often shortened 
to FM (Mørk, Bjørberg, Sæbøe & Weisæth 
2008). Facilities management is a field that 
is relatively new in Norway and is constant-
ly evolving (Sæbøe & Blakstad 2009). After 
NS 3454, facilities management includes all 
activities within the concepts of manage-
ment, operation, maintenance, development, 
service and potential in real estate (shor-
ted to FDVUSP in norwegian) (Mørk et al. 
2008). When we in this master’s thesis write 
management, we refer to facilities manage-
ment as a whole.

40 years ago there was little talk of faciliti-
es management as a separate expression and 
discipline. Buildings were taken care of by 
maintenance, cleaning and operation, but 
any more and a common expression was not 
determined. Over the years, facilities mana-
gement has been recognized as a expression, 
discipline and service sector, and have gai-
ned their own standards, codes and vocabu-
lary (Atkin & Brooks 2009).

For facilities management, there is not a de-
finition or formulation that will fit all situa-
tions. Approaches of facilities management 
will vary from organization to organization, 
although they operate in the same business 
sector. Facilities management can partly be 
described as activities to create an environ-
ment that supports the implementation of 
an organization’s primary activity (Atkin & 
Brooks 2009). One definition is: ”An inte-
grated approach to maintaining, improving 
and adapting the buildings of an organisa-
tion in order to create an environment that 
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strongly supports the primary objectives of 
that organisation” (Barrett & Baldry 2003, 
p. xi). This definition focuses on the physi-
cal infrastructure, instead of support services 
(Barrett & Baldry 2003). Barrett & Baldry 
(2003) emphasizes that the other aspects 
must not be excluded. Another definition is: 
”[...] a profession that encompasses multiple 
disciplines to ensure functionality of the built 
environment by integrating people, place, 
process and technology” (Atkin & Brooks 
2009, p. 4). This definition was written by 
The International Facility Management As-
sociation and illustrates that facilities ma-
nagement is larger and depends on several 
factors besides the physical infrastructure 
for viral success (Atkin & Brooks 2009).

CEN (Comité Européen de Normalisation) 
agreed in 2006 on an official european de-
finition (Sæbøe & Blakstad 2009). The defi-
nition of facilities management is presented 
in the standard NS-EN 15221-1 and reads 
as follows: ”Integration of processes within 
an organisation to maintain and develop the 
agreed services which support and improve 
the effectiveness of its primary activities” 
(Standard Norge 2007a, p. 5).

We will relate to this definition and standard 
NS-EN 15221-1 in this master’s thesis. In 
NS-EN 15221-1, a model that shows the va-
rious processes and parties in facilities ma-
nagement is presented. This model is shown 
in figure 8 below. 

Figure 8 - Model of facilities management processes (Standard Norge 2007a, p. 8).
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This model tries to give an overview of how 
various processes in facilities management 
works in collaboration between the orga-
nization (client, customer, end user) with 
demand and supply (internal/external) with 
deliveries - over three different levels (strate-
gic, tactical and operational). An organizati-
on’s primary activity is its core business. Ne-
eds are defined in a service level agreement 
(SLA) and the delivery of facility services is 
measured through defined key performance 
indicators (KPI) (Sæbøe & Blakstad 2009). 
A service level agreement (SLA) is a con-
tract between client and provider of facility 
services. A service level agreement clarifies 
the terms, performance and measurement 
for the delivery of facility services (Standard 
Norge 2007a).

Key performance indicators (KPI) is a main 
indicator of performance of the delivery of 
facility services. The KPI can be used in 
conjunction with the monitoring and mea-
surement and in regard to SLA to identify 
best practice (Standard Norge 2007a).

The standard NS 15221-1 has split the re-
sponsibilities, scope and structure related to 
facilities management into two categories; 
space and infrastructure and people and or-
ganization. Services in regard to space and 
infrastructure relate to accommodation,  
workplace, technical infrastructure and cle-
aning among other related services. Services 
in regard to people and organization relate 
to healt, safety and security, hospitality, in-
formation and communication technologies 
and logistics among other related services 
(Standard Norge 2007a). The facilities man-

agers act as a link between the sides of de-
mand and supply, where they are responsible 
for the integration of processes within an or-
ganization, on a strategic, tactical an operati-
onal level (Standard Norge 2007a, Junghans 
2012).

Facilities management has, as written, 
evolved over time and is still evolving today. 
Now there is a greater understanding and 
acceptance for the management, operation 
and development of the buildings as an inte-
grated process to support the organization’s 
primary activity - that is, the core business. 
Facilities management terms includes differ-
ent roles and it is common to distinguish be-
tween user, manager and owner (Sæbøe og
Blakstad 2009).

2.5.2 Organization

Barrett & Baldry (2003) writes that various 
management departments differ from each 
other. This is mainly because they have 
evolved based on the needs of the organi-
zation they are associated with, but can be 
structured after five models (Barrett & Bal-
dry 2003). In the first model, called an office 
manager model, facilities management is 
generally not a separate function, but the re-
sponsibilities and duties is given to a single 
person - for example; an office manager. The 
reason for this may be that the organization 
only operates from a small building which 
eliminates the need for a large management 
department , or that the organization is ren-
ting the building and therefore do not alloca-
te staff to facilities management, but rather 
choose to give this responsibility to consul-
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tants as needed (Barrett & Baldry 2003).

The second model, called a single site mo-
del and applies to organizations that are lo-
cated in one building and is large enough to 
have its own management department. The 
organization tends to own the building and 
will therefore often spend more time and 
money on administration than the organiza-
tions who rent buildings. The choice often 
point towards creating a management de-
partment that takes care of facilities mange-
ment  through a combination of internal and 
contracted services (Barrett & Baldry 2003).

The thirt model, called a localised site mo-
del, mainly apply for organizations that have 
buildings in multiple locations within a lar-
ger area - such as a city, but may also apply 
across the country. It is common to have a 
headquarter (which takes decisions on a stra-
tegic level) and a degree of decentralization. 
The greater the degree of decentralization, 
the greater the likelihood of external con-
tractors (Barrett & Baldry 2003).

The fourth model, called a multiple sites mo-
del, apply to large organizations that operate 
across geaographical areas, but still operates 
on a national level. In this model, organi-
zations have headquarters where the mana-
gement departments mainly draws strategy 
and policy (on a strategic and tactical level) 
which is further transferred to smaller head-
quarters and branches (Barrett & Baldry 
2003).

The fifth and final model, called an interna-
tional model, apply for large international 

organizations who operate across national 
borders. Management departments is loca-
ted in the headquarter and also here make 
decisions and draws strategies and policies. 
The regional and national offices will main-
ly be controlled by them selves and follows 
the specific strategy and policy drawn at the 
headquarter. The regional and national of-
fices will be responsible for operational acti-
vities (Barrett & Baldry 2003).

2.5.3 Benchmarking

Facilities management has over time beco-
me a co-ordinating management function 
that focuses on the boundary between phy-
sical conditions and people. Buildings play a 
major role in maintaining and strengthening 
the core business of an organization. To un-
derstand the building’s role, it is important to 
assess the building performance as a result 
of facilities management (Douglas 1996). 

Figure 9 on the next page show facilities ma-
nagement and building performance are lin-
ked. Building diagnostic is the intersecting 
area in the figure. According to Douglas, 
building diagnostic is a ”[...] systematic stu-
dy and evaluation of building performance” 
(1996, p. 27). Measurability is important and 
crucial for understanding how things are re-
lated. Benchmarking is therefore central to 
facilities management (Douglas 1996).
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Figure 9 - Intersection between facilities 
management and building performance 
(Douglas 1996, p. 27).

According to the norwegian standard NS-
EN 15221, benchmarking is defined as a 
“process of measuring performance (includ-
ing price) of facility services and compar-
ing the results internally and/or externally” 
(Standadard Norge 2007a, p. 5).  Another 
definiton of benchmarking is ”the continuo-
us process of measuring products, services 
and practices against the thoughest competi-
tors or those companies that are recognized 
as a leader in the industry” (our translation) 
(Sæbøe & Blakstad 2009, p. 30). Bench-
marking of energy efficiency can be used to 
monitor changes in the energy efficiency of 
buildings (Chung, Hui & Lam 2006). This 
is where best practice comes in. Benchmar-
king is mostly interpreted as an economy 
bounded tool used to compare actual costs 
with the costs associated with best practice 
(Douglas 1996). Benchmarking of building 

performance can be divided into two primary 
categories: cost centered and non-cost cente-
red. The first is of quantitative  nature (such 
as heating costs in kWh/m2 per year), while 
the second is of a qualitative nature (such as 
evalution of quality or efficiency) (Douglas 
1996). An important part of benchmarking 
is to analyze the results with the aim of in-
vestigating the background of gap between 
measurements and benchmarks. An analysis 
of the gap is the basis for assessment and 
improvement. The analysis can contribute to 
the proposed plans for improvement. After 
improvements have been made, new measu-
rements should be made to identify impro-
vement (Kincaid 1994). 

A benchmarking process may consist of five 
phases. The first consists of planning what 
is to be benchmarked. The second phase is a 
search process to find a good partner to ben-
chmark against. The third phase is to obser-
ve and analyze the partner. The fourth phase 
is to find and analyze the causes of the gap 
between you. The fifth and final phase is to 
customize improvement measures and then 
implement these (Mørk et al. 2008).

2.5.4 Energy efficiency

Politicians have directed their attention to-
wards energy efficiency. This is mainly due 
to concerns about global climate change lin-
ked to carbon dioxide emissions (Jaffe, Ne-
well & Stavins 2004). There is also attention 
on energy efficiency since building account 
for around 30 to 40 percent of a nation’s 
energy use, and because wasted energy is 
within the similar amounts, which ultimately
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indicate that there is a great potential in ener-
gy that could be saved - leading to a focus 
on more energy efficient buildings (Atkin 
& Brooks 2009). Energy efficiency can be 
described as follows: ”[...] energy efficien-
cy refers to using less energy to produce the 
same amount of services or useful output 
[...]” (Chung et al. 2006, s. 2). Energy ef-
ficiency has been recognised and practiced 
for some time, but it is only in recent years 
that buildings are look at with a whole-li-
fe or life-cycle perspective. Buildings have 
adapted, but mostly in regard to stringent le-
gislations and regulations (Atkin & Brooks 
2009).

Buildings are getting more complex and 
require a management and operation to re-
spond to rapidly changing demands and 
conditions. Control over installations such 
as heating, cooling, ventilation, lighting, po-
wer, security and fire systems among others 
is vital for the building to perform optimal-
ly, meet user comfort demand and for ener-
gy not to be wasted. To manage this there 
must be viable information on the conditions 
both inside and outside of the building. This 
information is mostly dependent on moni-
toring, sensing and control, which must be 
supported by technology to be managed. 
Accurate information are necessary to make 
important decisions so that services can be 
controlled and performance regulated, im-
pacting the building. Building automation 
systems and intelligent buildings (or smart 
buildings) are important terms in this regard 
(Atkin & Brooks 2009).

Automation of buildings ”[...] implies a 

computerised system that oversees and con-
trols building operations, energy and safety 
management”  (Atkin & Brooks 2009, p. 
147). Developing one system to manage all 
functions and services on the other hand is 
both costly and difficult, but a system in-
terface with access and control over heat, 
cooling, ventilatin, lighting power, fire and 
secury among others is likely and depend 
on fast communication. A typical automated 
system will maintain the indoor climate, ma-
nage energy measures and monitor system 
behavior and equipment (Atkin & Brooks 
2009).

Intelligent or smart buildings ”[...] use te-
chnology to improve the internal environ-
ment and support functions for users” (At-
kin & Brooks 2009, p. 148). An intelligent 
building is designed to control the building 
internally and externally through technology 
and communication solutions based on zone 
control, monitoring and sensing. Technology 
could optimally monitor and sense light, hu-
midity, temperature and users among other 
factors and send the information to a system 
that would regulate energy use in different 
rooms and zones in a building - optimizing 
the energy delivery and use (Atkin & Brooks 
2009).

Although technology may be a step in the 
right direction, complex and technology 
dependent buildings raise concerns since 
responsiveness to change is an important 
and fundamental requirement for intelligent 
buildings (Atkin & Brooks 2009). Atkin & 
Brooks (2009) argue that no buildings will 
support a organization if change is not pos-
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sible. While anticipating change is possi-
ble, predicting the future is not. Therefore, 
accommodating the future, is an important 
aspect of intelligent buildings and their de-
sign. Most buildings are based on a fixed de-
sign and purpose, making adaption difficult. 
An intelligent building will rely on the possi-
bility to develop and adapt (Atkin & Brooks 
2009).

There should be an overall goal that buil-
dings last as long as possible and function 
optimally to support the core business of the 
organization using the building. It is essen-
tial that buildings can change over time to 
fit the changing and varying demands of the 
organization. Buildings that can not satisfy 
the need of the organization that occupy it, 
may become ineffective - or rather - expired. 
A buildings abilities to function, change and 
adapt may be called adaptability and functi-
onality (Bjørberg, Larsen & Øiseth 2007). 
A buildings adaptability may be represented 
through the terms of flexibility (the freedom 
change within the same  function - to reor-
ganize UFA without changing carrying sys-
tem and cores), generality (flexibility, and 
freedom to change function)  and elasticity 
(the option to extend or reduce area within 
a given geometry). The need for adaptable 
buildings will vary in regard to the intended 
purpose of the building - making the degree 
of adaptability determined and based on the 
core business. This will also mean that a 
building may have low adaptability and still 
function optimally for its purposes (Bjørberg 
et al. 2007). Through an assessment of im-
portant factors for different building types, 
buildings may be rated according to the deg-

ree of adaptability they should have. It is 
also important to have in mind that buildings 
of different age are built in different ways 
(Bjørberg et al. 2007).

Junghans (2012) states that energy efficien-
cy in non-domestic buildings is more than 
a technological challenge, indicating that 
energy efficiency is directly related to ma-
nagement, operation and use. For existing 
buildings, improved energy efficiency main-
ly focuses on three areas; organizational me-
asures, technical measures and architectural 
measures. The organizational measures is 
related to improving the use and operation 
of buildings. That is, the user behavior and 
intensity of use, aswell as measures to con-
trol facility management services in the buil-
ding. The technical measures consists of a 
modernization of technical systems. Archite-
cural measures can be modernized building 
construction. Both engineers and architects 
are involved and responsible for activities to 
improve the energy efficiency in buildings 
(Junghans 2012). Junghans (2012) argues 
that the organizational measures are left out 
since this is not the main focus for engineers 
and architects. There has also been perfor-
med less research in regard to management, 
operation and use of buildings (Junghans 
2012).

There are different methods, theories and ap-
proaches available to improve energy effici-
ency. One approach is to start a preliminary 
project to assess and produce a realistic over-
view of an organizations potential for redu-
ced energy use, energy costs and environme-
tal costs. Based on the preliminary project, a 
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main project may be introduced. This main 
project may be called a energy program - 
and is long-term commitment to improve the 
overall energy management, where all im-
porant energy matters are included. This re-
sult in a energy program including important 
aspects like building and technical aspects, 
organizational aspects, operational aspects, 
information and funding. A energy program 
may take several years and include a long-
term and comprehensive change process 
with a stronger energy management through 
better practices in energy-realated operation 
and adequate energy awareness among users 
(Entro 2014c). Entro (2014c) states that 
energy programs may achieve a reduction in 
energy use of 25 percent.

Energy management is an other (or a further) 
approach to take on towards a more energy 
efficient building. Energy management may 
be established through an international stan-
dard called NS-EN ISO 50001. Working to-
wards improved energy efficiency is often 
a task that intervenes in different levels of 
an organization, and thus may be establis-
hed through leadership, which should have 
the best overview of the organization. When 
energy management is being implemented 
as a part of an organizations management 
structure, where energy is a factor which is 
reported and followed up on with the same 
importance as other aspects, it should be 
possible to identify and manage opportuniti-
es that may contribute to reduced energy use 
and costs. Energy management is similar to 
other management processes where you 
plan, carry out, control and monitor. Often it 
is only necessary to implement and establish 

a focus on energy in the management stru-
cture and agenda on the same line with HR, 
HSE and finance among other management 
topics (Enova 2012b).

The main task in a simplified energy mana-
gement system is to set goals, organize ef-
forts, assessment of energy use, prepare and 
set up an action plan, monitoring of energy 
use and key figures, evaluate efforts and ot-
her simple procedures. Through these tasks 
a process is established to work systemati-
cally on energy use where the management 
is involved and where the objectives and 
plans are seen throughout the organization 
(Enova 2012b). When the developments in 
energy use is monitored and followed up on, 
it is possible to find out how it can be used 
more efficiently. A continuous monitoring of 
energy use is important in order to identify 
improper operations, errors in technical in-
stallations, less appropriate habits an other 
impact factors. When the efforts, work and 
results are assessed and evaluated, it is easier 
to look forward to further efforts and give 
the management a basis for new initiatives 
and objectives (Enova 2012b).

Managers need to have a focus on energy use 
to make any significant changes. With good 
support from managers and motivated and 
skilled operators, it is estimated that energy 
use can be reduced with around 20 percent. 
The realization of this potential is related to 
increased focus on energy use, monitoring 
of the operating personnel and monitoring of 
time management. In addition, it is essential 
that attention is so sufficient that errors can 
be detected and corrected fast since errors is  
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an explainations for high energy use (NVE 
2013). Thema Consulting Group (2012) 
has conducted a study indicating that opti-
mal operation of buildings is an important 
factor to reduce energy use in existing office 
buildings and to meet energy requirements. 
Junghans (2012) indicate the same, and spe-
cify that close knowledge to different aspe-
cts of the building, such as different con-
dictions, possibilities and challenges, form 
the basis for best practice in regard to con-
tinuous improvements of existing buildings 
- and that it is different types and roles of 
operatiors who have this knowledge. Ope-
ratiors may be described as a ”super-user” 
(Junghans 2012, p. 6). The difference betwe-
en a user and a super-user is that a user of a 
non-domestic building do not see the energy 
use - it is invisible to them - while for an 
operator (super-user), energy use is visible 
as they see both the users and the technology 
aspects related to energy use and efficiency 
(Junghans 2012). Junghans (2012) anticipa-
te that operators are obvious candidates to 
improve the day-to-day energy use, and thus 
the energy efficiency, by being a lead user, 
making energy use visible for the users and 
act as a link to identify and support impro-
vements. Bye (2008) also desribe the opera-
tors as users of the building, but a different 
users that the regular users - also called end-
users. The operators’ usage of the building 
is about making the technological solutions 
work in the best possible way. What that can 
be defined as the best way is debatable, and 
may be affected by users and their needs, 
energy efficiency, economy and regulations 
(Bye 2008). To optimize the operation, a 
operator may take on a dual role between the

operation and usage - working towards a 
more energy efficient behavior in the users 
and also making sure the building is opera-
ted optimally based on the mediator role and 
the input and output that may consist of (Bye 
2008).

Costs associated with investment in con-
struction, rebuilding, demolition, annual 
management, operation and maintenance of 
buildings are high. In this context it is im-
portant that resources associated to these 
costs is kept as low as possible and viewed 
in a holistic perspective of the building’s 
life while the desired quality is maintained. 
A method to accomplish this is to focus on 
the building’s life cycle costs (Bjørberg et 
al. 2007). Life cycle costs is the sum of ca-
pital costs, costs of management, operation, 
maintenace and development in the use and 
operating time of the building, and also resi-
dual cost of disposal. The interest and focus 
on life cycle costs are increasing, and many 
see the benefits and importance of conside-
ring the investment costs associated with the 
subsequent costs of using the building (costs 
incurring both periodically and annual to 
maintain a functional and technical standard) 
(Bjørberg et al. 2007). Life cycle costs may 
be interpreted as a key to achieving better 
value of the invested assets. To use the life 
cycle cost method and analyze it is possible 
to assess the impact of possible alternatives, 
thus allowing to evalute towards the solution 
which is most cost effective and reducing the 
risk of failure and loss of functionality in the 
building (Bjørberg et al. 2007).

It is imporant to see a problem from diffe-
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rent angles when you use an analysis of life 
cycle costs (LCC). This is so that you can 
come up with different solutions. The deci-
sion process can be divided into four phases; 
task description, choice of options, analysis 
of options and discussion towards a decisi-
on. It is important to reflect upon the task, 
how large the task is, desired achievement or 
result, need of assistance, need to establish 
a long-term comprehensive plan and bud-
get estimates. Assistance from advisors may 
help find and estimate additional informa-
tion on materials, time frame and other im-
portant factors such as life times, guarantees, 
maintenance and operation data (Bjørberg et 
al. 2007).

For energy, cost depend on on these factors; 
location, temperature, building shape and 
size, scale of technical installations, facade 
design, windows, insulation, lighting, ven-
tilation system, heating system, heating and 
energy sources, cooling systems, water and 
wastewater, elevators and use intensity. Zo-
ning and operating procedures with control 
and regulation make major impact on energy 
use in terms of human influence in regard to 
how much areas are in use (Bjørberg et al. 
2007). Requirements from users and owners 
may also have a major impact on costs. An 
assessment of the extent related to internal 
personel versus outsourced services will also 
affect the costs. An additional factor may be 
the use of rent principles such as internal 
rent. This can provide a better overview and 
clarification regarding roles, user impact, 
space efficiency and better visibility of costs 
(Bjørberg et al. 2007).

2.5.5 Barriers against energy effici-
ency

A possible potential for existing buildings 
may be to achieve the requirements in TEK 
10 and/or energy label C. For existing buil-
dings, this will require good planning and 
coordination to implement, while regulatory 
requirements are maintained (Enova 2012a). 
It may be easier to facilitate energy efficient 
solutions and measures for new buildings, 
than to improve existing buildings because 
of different factors like construction, buil-
ding body, room and zone partitions and so 
on. Maintenance and rehabilitation of exis-
ting buildings will often lead to a period of 
time where operation and use of the building 
will be different, which may prevent a focus 
on energy efficient solutions through an ho-
listic approach (Enova 2012a).

Even though there are several approaches to-
wards improved energy efficiency - there is 
also something called barriers against ener-
gy efficiency measures. Different studies 
indicate different indications of these barri-
ers, such as; lack of availability of knowled-
ge and expertise, legislation, organization, 
public support and lack of funding (Enova 
2012a). Enova (2012a) reports, based on a 
study conducted by Multiconsult and Ana-
lyse & Strategi, that there are different ty-
pes of barriers; practical barriers, technical 
barriers, economic barriers, attitude barriers  
and knowledge barriers. Some barriers may 
be placed within more than one category 
(Enova 2012a). 

For existing buildings, barriers against ener-
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gy efficiency measures, that are categorized 
as a practical barriers may be:

- Governments regulatory requirements is 
not consistent, and there is rather a conflict 
of interest between different government 
agencies. Yes, the government wants ener-
gy efficiency, but regulatory requirements to 
indoor air quality result in measures being 
undertaken (Enova 2012a).

- The relationship between the tenant and the 
owner of a building, the responsibilities and 
the allocation of costs between them. The 
problem is that the building owner is the one 
to invest in the measures, while the tenant is 
the one to gain through reduced energy costs 
(Enova 2012a).

- There is too many who have an opinion and 
that must be affected to work with energy ef-
ficiency measures. This is also a barrier for 
the operation of building (Enova 2012a).

- Energy efficiency is not rooted in the ma-
nagement, thus making it hard to prioritize 
energy efficiency measures. The operating  
personnel have many different tasks to be 
performed, and there is often too little time, 
risking that energy efficient measures are 
being abandoned (Enova 2012a).

- Energy suppliers are a hindrance because 
they monopolize, especially in relation to 
district heating (Enova 2012a).

For existing buildings, barriers against ener-
gy efficiency measures, that are categorized 
as a technical barriers may be:

- Lack of knowledge about technical soluti-
ons and development. This is especially a 
challenge in relation to the operating person-
nel, if they do not know about new soluti-
ons. This may also be the result of a focus 
towards the investment phase, rather than 
the operational phase. An important aspect 
is that an investment may not be linked to 
the operational phase where the investment 
might be earned back over time. A lack of 
this aspect will result in a vision that does 
not look positively on the profitability of the 
investment in the first place (Enova 2012a).

- Age of the building since it is more chal-
lenging to implement measures on a existing 
building that are designed so that it is hard 
to install modern technology and systems 
which could help to reduce energy use (Eno-
va 2012a).

For existing buildings, barriers against ener-
gy efficiency measures, that are categorized 
as a economical barriers may be:

- Lack of profitability in relation to the mea-
sures and challenges to raise funds for ener-
gy efficiency measures. Low energy prices 
push down the profitability, while there are 
high prices for labor (Enova 2012a).

- Different interests during a buildings life 
cycle indicating, for example, that tenants 
has a low interest to pay for measures if the-
re is little time left on the rental contract, but 
if there is long time left on the rental contract 
there are higher interest for measures since 
the tenant pays for the energy during the ren-
tal period (Enova 2012a).
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- Energy efficiency measures are not priori-
tized because of the number and amount of 
other expenses that are seen as more impor-
ant (Enova 2012a).

For existing buildings, barriers against ener-
gy efficiency measures, that are categorized 
as a attitude barriers may be:

- People are not aware of energy use, especi-
ally in Norway, because of historical energy 
prices and resources. Many users think that 
there are high energy prices in Norway, still 
there is no willingness by users to imple-
ment measures to improve energy efficiency 
(Enova 2012a).

- Negative attitudes towards measures for 
energy efficiency, both in users, organizati-
ons and industry. A challenge is that users 
are more concerned about the indoor comfort 
and climate instead of energy efficient buil-
dings. It may be argued that energy efficien-
cy in Norway is more about the environmen-
tal aspect, rather than the profitable business 
aspect. In other countries, energy efficiency 
is alot more profitable, and there is a bigger 
focus on cost-cutting (Enova 2012a).

- Corporate culture need to support the 
measures to implement them. Insufficient 
knowledge, lack of will and corporate cul-
ture lays a negative foundation in regard to 
focus on energy efficient measures (Enova 
2012a).

- Entrenched attitudes in the operation in-
dustry, especially linked to new solutions 
(Enova 2012a).

For existing buildings, barriers against ener-
gy efficiency measures, that are categorized 
as a knowledge barriers may be:

- It is difficult to obtain good expertice and 
high qualifications (Enova 2012a).

- There is also a challenge to communicate 
energy efficiency measures. This may also 
be viewed as a lack of sales expertise, if you 
think about the energy efficiency measures 
as the product (Enova 2012a).

- Users are comfort-seeking, while not 
having enough knowledge about the use of 
the building and energy saving measures. 
It should be highlighted that a reduction in 
energy use, will not necessarily sacrifice 
desires for comfort and a good indoor clima-
te (Enova 2012a).

- Lack of a long-term view, indicating that 
there is not enough knowledge about energy 
saving benefits, and how this will be provi-
ded in a long term (Enova 2012a).

- The difficulty to retain the operational per-
sonnel to follow the current requirements 
(Enova 2012a).

The presented barriers have different de-
grees of difficulty associated with breaking 
them down. It is often the barriers that you 
have control over, or may affect, which is the 
easiest to break down, while the barriers you 
have less controll over and is harder to affect 
and is harder to break down (Enova 2012a).
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2.6 User behavior in non-do-
mestic buildings

Management and operation of buildings has 
a major influence on actual energy use, at the 
same time, users will also affect the energy 
use through their daily use of non-domestic 
buildings (NVE 2013). 

Users enter buildings, move in buildings, use 
buildings and leave buildings. Users may 
also work extra (take overtime), take vaca-
tion or get sick (Robinson 2006). Robinson 
(2006) describes this as stochastic processes, 
and underline how humans are unpredicta-
ble, making human behavior one of the most 
complex processes within buildings, which 
implicate the energy use in buildings. Users 
presence and interaction in buildings affe-
ct the energy use through windows, doors, 
lighting controls, shading devices, applian-
ces, heating, ventilation and cooling system 
controls. Water is consumed and waste is 
produced (Robinson 2006). 

While it is possible to simulate both ideal and 
real energy efficiency in a building based on 
standarized figures, indicators or measures - 
it is harder to fit users and their behavior into 
such simulations. In simulations of user be-
havior, human presence and interaction are 
often based on a perfect schedule - for exam-
ple; indicating that people arrive and leave a 
building on concise and specific times (Ro-
bertson 2006). Robertson (2006) argues that 
interactions between users and the indoor 
environment depend on the users presence 
and that it is important to simulate a more 
stochastic perspective of user presence. Hu-

man interactions are the result of a conscio-
us decision making process based on inputs 
(physical stimuli) and outputs (processing 
and actions). This is individual and different 
for each user. The decision to act can depend 
on many factors such as experience, respon-
se, convenience, realization and effective-
ness (Robertson 2006). In regard to Aristotle 
(384-322 BC), every human action have at-
least one or several of these causes; desire, 
chance, compulsion, habit, nature, reason 
and passion. Human behavior can be descri-
bed as unexpected, irrational and inexplica-
ble - and it may be close to impossible to 
predict it accuratly. With this in mind, we 
are left with few imperfect choices to appro-
ximate, assess and understand possible user 
patterns. Obervation may be a helpfull met-
hod to assess and reproduce some user pat-
terns, since we can identify actions that are 
motivated by causes (Haldi 2010).

All people have different types of needs 
(Framnes, Pettersen & Thjømøe 2006). Po-
eple act on the basis of motivation because 
they feel needs that they are motivated to sa-
tisfy (Nørgaard & Olsen 2009). Motivation 
controls our actions, and a goal is the results 
we want to achieve by performing an action 
(Schiffman & Kanuk 2007). There is no mo-
del that explains a person’s energy behavior 
in a perfect or good way. This is not surpri-
sing since human decisions and behavior 
are so complex. In relation to non-domestic 
buildings, users will not have the same fi-
nancial responsibilities related to energy as 
they do in their own home (Bye 2008). Stu-
dies show that better technological solutions 
can lead to improved energy efficiency, but 
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this is also connected to learning processes 
and acceptance of the solutions. Therefo-
re, new technology is not enough by it self 
to achieve improved energy efficiency and 
save energy in buildings (Bye 2008).

Bye (2008) writes that energy use in non-do-
emstic buildings is generated indirectly in 
relation to what happends in the building. 
Energy use can be thought of as an invisi-
ble tool to ensure that systems and compo-
nents of the building works. Examples can 
be computers, ventilation, light or heating. 
For the users, these are important and often  
expected (Bye 2008). To ensure that users 
have it comfortable may be called ”comfort 
management” (our translation) (Bye 2008, 
p. 162). The users will have different needs 
or preferences for temperature. In non-do-
mestic buildings which may have a central 
control of temperature this can lead to con-
flicts, since it is quite likely that there are 
users who are both satisfied and dissatisfied 
with the temperature (Bye 2008). Leaman, 
Stevenson & Bordass (2010) states that th-
ere will always be some people who are 
dissatisfied with the conditions in relation 
to a building - around 15 percent will have 
complaints. From a facilties management 
perspective, the best option is often to solve 
and improve the problems in regard to this 
spesific group (Leaman et al. 2010).

A challenge related to users and energy is that 
even if users want to help improve the ener-
gy efficiency, few people are aware of how 
they can contribute to reduce the energy use. 
Good measures to raise awareness can be 
campaigns, combined with training and real 

visualization of changes in the actual energy 
use. This might help to ensure that each user 
can get an impression of the energy use and 
their impact in the spesific building (NVE 
2013). For non-domestic buildings it is es-
pecially lighting, indoor climate and equ-
ipment that could affect energy use related 
to users. Temperature inside the buildings 
can both increase and reduce the energy use 
considerably. In non-domestic buildings, es-
pecially in open common spaces, each user 
must often adapt to an average temperature. 
In a closed area, like an office or a meeting 
room there is a greater possibility of opening 
windows, regulate a radiator or turn off the 
light (NVE 2013).

To reduce users impact and influence on 
energy use in non-domestic buildings, auto-
mated and stand-by solutions might be good 
alternatives to reduce users’ opportunities 
and possibilities to influence energy use, 
which might lead to more energy efficient 
non-domestic buildings (NVE 2013).

Technical building regulations use a daily 
usage time of 12 hours per day, five days 
a week, 52 weeks per year as estimates for 
calculation of operating time in office buil-
dings. During this time, only a small propor-
tion of the area are utilized. This is related 
to activites such as meetings. By reducing 
energy use in areas of the building that are 
not in use, energy use can be significantly 
reduced, so that energy use is optimized and 
not used more than is actually needed. Ma-
nagement of overtime and flexible usage of 
the building will also have a major impact 
on energy use, especially if users require op-
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timal indoor climate, even though there are 
few people using the building (NVE 2013).

2.7 Summery of theory and lite-
rature

We will use references to specific sections in 
this chapter.

A standard called NS 3457-3:2013 is used to 
classify a building type, which is based on 
the building’s function (2.1).

Technical building regulations have adapted 
and developed over the years, and there is 
now a higher focus on energy use and effi-
ciency in buildings (2.2.1, 2.2.2, 2.2.3). The 
development is moving towards low-energy 
building or passive houses (2.2.4).

There are several calculation methods to 
calculate energy demand, use, performance 
and requirements, mostly based on standards 
(2.3.1, 2.3.2, 2.3.3). There are also used tools 
like SIMIEN and Excel (2.3.1).

There are several ways to measure and mo-
nitor energy use. To support this there is of-
ten installed energy monitoring devices in 
the buildings, which enable systems to col-
lect the energy data (2.4, 2.4.1, 2.4.2). There 
are also several impact factors on energy use 
(2.4.3).

Facilities management include several acti-
vites such as management, operation, main-
tenance, development, service and potential 
in real estate. Therefore there are serveral 
processes and parties included (2.5.1), but 
also various organizations and structures 
(2.5.2). Benchmarking is an activity that is 
becomming more and more used in facilities 
management (2.5.3). There are several met-
hods for and barriers against energy efficien-
cy which suggest that there are potential for 
improvement (2.5.4, 2.5.5).

Users and their behavior is a difficult and 
important aspect in regard to buildings and 
energy use (2.6).
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Chapter 3
Research method - methods used in our master’s thesis
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3.0 Research method

In this chapter we will first give a brief intro-
duction to the term of research method. We 
will then write about two different research 
methods used to collect data or empiricism 
and describe the research method we have 
chosen to use in this master’s thesis. Finally, 
we will discuss the quality of the master’s 
thesis.

3.1 Introduction to research 
methods

A research method is a structured way to gat-
her data about reality - also called empiri-
cism (Jacobsen 2005). Empiricism originate 
from the Greek empeiria and means test or 
experiment. Research method may furth-
er be described as tools or teaching of the 
tools which is used to collect knowledge of 
reality. Using research methods open for a 
systematic thinking process where attention 
is sharpened and focused on what we want to 
figure out. The selection of research method 
reflects what you want to find out (Halvo-
sen 1993), while a research design should be 
selected on the basis of the thesis question 
(Jacobsen 2005). Halvorsen emphasizes that  
the research method ”[...] is an aid, and not a 
goal in itself” (our translation) (1993, p. 21). 

There are many different methods that can 
be used to collect data about reality. A re-
search method shall explain the steps in a 
study or investigation, but the research met-
hod best suited to investigate reality can be 
discussed (Jacobsen 2005). The choice of re-
search method face four issues according to 

Jacobsen (2005).

The first issue is whether there should be an 
inductive or deductive data collection. The 
problem is about which strategy that best 
can grasp reality. The inductive strategy 
consists of going from empiricism to the-
ory. This means that researchers seek reality 
with a - if possible - open mind and collect 
relevant data about reality. The information 
is further systematized and then the theory 
is formed on the basis of this. The deducti-
ve strategy consists of going from theory to 
empirical data - the opposite of inductive. In 
the deductive strategy, the researchers create 
expectations of reality from existing theory 
and empirical findings. The researcher takes 
the expectations and then goes out into rea-
lity and collects data. The data from reality 
are then compared with the expectations to 
look for deviations (Jacobsen 2005).

The second issue is about if there should be 
an individualistic or holistic approach. An 
individualistic approach presumes that it 
is the individual who is the most important 
source of data. A holistic approach is based 
on that it is the individual in connection and 
interaction with other individuals, organi-
zations, and various contexts which give 
the best understanding of reality (Jacobsen 
2005).

The third issue is about closeness or distan-
ce. The choice of distance is about that the 
researcher shall study and examine the ob-
ject(s) from a distance to eliminate the rese-
archer’s influence or effect on the object or 
the respondent. This means that by keeping 
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their distance from the reality that is studied, 
the risk of a disruption of this reality is redu-
ced. The question is whether it is possible to 
decrease a research effect completely, or if 
it always will be a degree of research effect 
(Jacobsen 2005). Jacobsen (2005) writes that 
there always will involve some form of con-
tact in all studies and it has been pointed out 
that the researcher always will affect those 
being researched through, for example, the 
choice of thesis question and the selection of 
respondants.

The fourth problem consists of the choice of 
words or numbers. This is about the choice 
of a qualitative and/or quantitative approach. 
That is if the information and data we want 
to collect shall consist of words (qualitative 
approach) or numbers (quantitative appro-
ach). It is often common to choose either a 
qualitative approach or a quantitaive appro-
ach - it may still be appropriate to choose 
a combination of the two methods for some 
research (Jacobsen 2005).

3.2 Research methods

3.2.1 Qualitative methods

A qualitative method or approach involves 
characterizing qualities or characteristics of 
phenomena. In qualitative methods, it is data 
in the form of text and words that is collec-
ted (Repstad 1993). Qualitative methods are 
suitable when you want to examine how pe-
ople interpret and understand a given situat-
ion and allow for flexibility and openness so 
that there are few limits to what a respondant 
may say. This may contribute to a high con-

ceptual validity. It is common to choose qu-
alitative methods when selecting an unclear 
thesis question where you will delve into a 
small number of units and seek closeness to 
that or they you want to investigate. The va-
rious alternatives for data collection in the 
qualitative method is interviews, group in-
terviews, observation and document exami-
nation (Jacobsen 2005).

3.2.2 Quantitative methods

Quantitative method or approach involves 
the collection of empirical data in form of 
numbers. This method should be selected 
when you want to examine a range of many 
units to generalize to several more (Jacob-
sen 2005). An example would be polls for 
the election of political parties. The quanti-
tative method is often less demanding than 
the qualitative approach since it takes longer 
to conduct and manage, for example, inter-
views (words) than a questionnaire survey 
(numbers) (Jacobsen 2005).

3.3 Applied method

In this section we have presented the applied 
method that we have chosen for this master’s 
thesis. Jacobsen (2005) writes that various 
types of thesis questions need different types 
of research design. We have, based on the 
task, topic, thesis question and associated re-
search questions, mainly chosen to use a qu-
alitative approach. We are still dependent on 
to obtain quantitative data on the two cases 
(the two buildings) from project documents, 
available documentation, measures perfor-
med and results in connection



Non-domestic building typologies - Master’s thesis in Real Estate and Facilities Management50

with the case study. These are documents 
that contain both text and numbers. We have 
chosen the individualistic approach because 
want to be close to the respondants through 
interviews as a part of the case study. This 
master’s thesis is based on the deductive 
strategy since we first conduct a literature 
study to get an overview of the theory, which 
also leads to expectations, and then we con-
duct a case study. Jacobsen (2005) distingu-
ishes between intensive (examine in depth) 
and extensive (examine in width). Beneath 
each of these two choices comes a choice 
where the intention is either to describe or 
explain something (Jacobsen 2005). Our 
thesis question is relatively unclear - it me-
ans that we have little prior knowledge about 
the problem we will investigate. We want 
to examine in depth - delve into few units 
- which means that the thesis question has 
an intensive purpose and refers to the quali-
tative method (Jacobsen 2005). We want an 
explanatory study where we explain why or 
how something occurred and can refer back 
to the thesis question and the three related 
research questions.

Jacobsen (2005) writes that with an explana-
tory study, we are looking for reasons why 
something happened. The thesis question, 
research questions and the applied research 
method for the study will reflect each other. 
Figure 10 below shows how we, on the ba-
sis of the thesis question and related research 
questions, have made choices towards an ap-
propriate research design. Typically, the re-
search design for these choices is a case study 
with comparison of cases (Jacobsen 2005). 
As it was presented in the various subtasks, 
we first conducted a literature study where 
we collected relevant theory and literature to 
present this in a kind of theoretical foundati-
on for the master’s thesis. We then conduc-
ted the case study of two selected cases. The 
cases consists of both qualitative and quan-
titative data, which are compared with each 
other and in regard to the theory and literatu-
re presented in this master’s thesis. The case 
study will consist of a selection of two diffe-
rent existing non-domestic buildings that are 
selected based on a set of selection criteria in 
a systematic selection method that we have 
developed to find two relevant cases.

Thesis question

Extensive Intensive

DescribeExplainDescribe Explain

Figure 10 - Redesigned model for choice of research design (Jacobsen 2005, p. 122).
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3.3.1 Literature study

We have chosen to conduct a literature study 
to create a theoretical foundation of theory 
and literature which the master’s thesis shall 
build on. We emphasized in subtask 1 in se-
ction 1.2.2 that we should find literature that 
is important and relevant to different areas 
in relation to the master’s thesis. In conjun-
cation with the literature study, we think it is 
important to identify what has been written 
on the areas that we will be studying.

In a literature study, we see it as important 
to set up a systematic plan to make sure 
you have an overview of the literature you 
find while ensuring that the literature has a 
certain quality and relevance for the mas-
ter’s thesis. To achieve this, the choice of 
keywords, search engienes, databases, and 
an evaluation of citations, authors, journals 
and books important. The evaluation should 
aim to ensure that the literature has good re-
levance to the topic and thesis question in the 
master’s thesis. The quality of the literature 
should be examined after four criteria that 
VIKO (support organization for information 
literacy)  at NTNU has presented on their 
websites. These four criteria are credibility, 
objectivity, accuracy and suitability (Viko 
2010). We have evaluated our literature in 
regard to these four criteria.

In our literature study, we started to design a 
excel sheet with different headlines to cate-
gorize literature after theory area, author, tit-
le, journal, book, citations, keywords, data-
base/search engine, content and assessment. 
Then, we decided which theory areas that 

should be included in chapter two (theory 
and literature) on the basis of the research 
questions. We came up with the following 
theory areas - which has various sub areas 
with relation to the theory area:

- building types
- energy requirements
- calculation models
- monitoring and measurement of energy use
- management towards best practice
- user behavior in non-domestic buildings

Furthermore, now that we had an idea of what 
literature we wanted for the master’s thesis, 
we began to search with Google Scholar, 
Scopus and BIBSYS’s databases. BIBSYS 
is NTNU’s database of the library, while 
Scopus is a large international abstract and 
citation database (Elsevier 2013). BIBSYS 
provides a good overview of the literature 
and articles in the library at NTNU, while 
Scopus extends beyond this and contain in-
ternational publications. Google Scholar is a 
search engine for scientific literature (Goog-
le 2013). A combination of databases and se-
arch engines is important to do a thorough 
literature study to examine several  areas. 
Scopus and BIBSYS gave good opportunity 
to put filters on the searches to achieve good 
relevance. Still, we were most pleased with 
the results that we got from Google Scholar 
where we mostly filtered using date. When 
it comes to laws and requirements, we have 
used Lovdata’s webpages with support from 
other literature. Standards are from Standard 
Norge, which we have access to as students 
of NTNU. We also found publications made 
by SINTEF, Enova and NVE among others.
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Google’s search engine has been used sup-
plementary when needed both for the litera-
ture study and for finding data for the two 
cases. In addition, our mentor; Dr. Antje 
Junghans has helped with advice on relevant 
literature from both her own and other stu-
dies.

We chose to divide the literature search 
according to the theory areas on the previous 
page, and conducted searches to find rele-
vant theory and literature for each of them. 
A justification for the choices of theory areas 
is presented below.

Theory area 1 - Building types:

We have already defined what we mean by 
non-domestic buildings and that several buil-
ding types is included in this term. We have 
chosen to emphasize what a building type is, 
and which building types that is included un-
der the term of non-domestic buildings with 
a focus on this master’s thesis. We see this as 
an important intro to the theory and liteature 
chapter in retrospect to the topic of this mas-
ter’s thesis.

Theory area 2 - Energy requirements:

We have chosen to present fundamental 
laws, standards and requirements for Nor-
way, which is limits that real estate de-
velopers and managers must follow and re-
late to. These are limitations associated to 
construction, energy use and energy effici-
ency among others.

Theory area 3 - Calculation models:

We have chosen this theory area since it is 
central to explain how the expected energy 
use in non-domestic buildings can be cal-
culated - both in the design phase and more 
importantly in the operational phase. This 
involves presenting theory about which mo-
dels and methods that can be used.

Theory area 4 - Monitoring and measure-
ment of energy use:

We have chosen this theory area to explain 
how buildings is being monitored, how ener-
gy is measured and what the basis for the 
performance of the non-domestic buildings 
are - which is an important aspect.

Theory area 5 - Management towards 
best practice:

Management of buildings is central for the 
master’s thesis. We have therefore chosen 
to present an introduction to facilities ma-
nagement and how management is perfor-
med and organized in general. We chosen to 
present the theory of benchmarking and best 
practices, as well a focus on energy effici-
ency in management of buildings and met-
hods that can be used to ensure and improve 
energy efficiency in non-domestic buildings. 
We have also presented theory about barriers 
against energy efficiency.

Theory area 6 - User behavior in non-do-
mestic buildings:

We have chosen to present theory of user 
behavior related to non-domestic buildings. 
We feel this is essential as users and their 
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behavior is an important topic in relation to 
energy use in non-domestic buildings.

3.3.2 Systematic selection method 
and -criteria

We have chosen to create a systematic sele-
ction method with criteria to select two good 
and relevant non-domestic buildings for a 
case study. We feel that the number of buil-
dings in our case study should be above one 
to make sure that we can compare the selec-
ted case, but not more than two buildings to 
fit the time we have for this master’s thesis. 
Two buildings should give us enough infor-
mation and data, aswell as a possibility to 
compare the buildings with each other. The 
systematic selection method consists of five 
areas - these are:

- building
- construction
- energy
- management
- users

Each of these areas contains different crite-
ria. The systematic selection method has a 
total of 12 criteria. Some of these are diffi-
cult to check without being in contact with 
different parties in regard to the buildings. 
To end up with two non-domestic buildings 
in the case study we have made a list of po-
tential selection candidates (both buildings 
and associated organizations). We have cre-
ated a model and a flow chart that displays 
an overview of the areas and the steps in the 
systematic selection method. 

For a building to pass the criteria in the syste-
matic selection method and to be selected for 
the case study of this master’s thesis, it must 
satisfy all the 12 criteria. These 12 criteria 
helps to refine and limit the master’s thesis 
and the case study. The first criteria ask if the 
building is a non-domestic building, which 
is essential since we do not want a building 
with residental purposes. We want to look at 
buildings that are located in Trondheim whe-
re we are stationed. We will mainly focus on 
one building at the time to conduct the case 
studies and interviews. We want to look at 
buildings that are older than two years and 
younger or equal then fifteen years. This me-
ans that the buildings have atleast two years 
of measurements and results, but they are 
also not too old in regard to requirements 
and quality. It is important to be aware of 
that buildings usually have a startup (bre-
ak-in periode) to optimize the management, 
operations and use of the building towards, 
if possible, best practice. We will look at 
medium to large sized building, which has a 
usable floor space greater than 3000 m2. We 
have set a criteria that buildings will be con-
nected to district heating and that it will have 
a BMS that works. The buildings shall have 
atleast two years of historical energy figures, 
and has to have a gap between expected and 
actual energy use. The buildings will be ma-
naged by a separate dedicated management 
department and be monitored with an energy 
monitoring system (EMS). At last, we want 
a user intensity greater than 100 users each 
day. The users must be employees of an or-
ganization or business located at the buil-
ding. 
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Figure 11 - Model: systematic selection method and criteria.

A model of the systematic selection method is 
presented in figure 11 below, and a flowchart 
is presented in figure 12 on the next page. 
Figure 11 is shaped as a circle and have five 
parts in different colors with related criteria. 
The criteria are numbered and the model be-
gins with the area for building and carry on 
clockwise from there. The numbered crite-

ria and the colors will match the flowchart, 
presented in figure 12. In the flowchart, we 
put question marks after each criteria with a 
response option for either yes or no. If only 
one criteria is not met on the building tested 
in the systematic selection method, it will be 
rejected and we try the next building on our 
list of potential buildings.
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Figure 12 - Flowchart: systematic selection method and criteria
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3.3.3 Case study

In chapter two we presented secondary data 
collected through a literature study. The case 
study aims to collect primary data - data col-
lected directly from objects and respondents 
by the researcher (Jacobsen 2005). It will 
also be collected qualitative and quantitati-
ve secondary data in the form of necessary 
documentation, measured data and results in 
regard to the buildings. Primary and secon-
dary data collected forms the basis of our re-
sults and findings, analysis and comparison, 
as well as the conclusion - directly linked to 
the purpose of answering the research qu-
estions and thesis question. A case study is 
one of several methods that can be used in a 
study to gather data (Yin 1994). A case study 
usually only have one or a few study units, 
such as one or two buildings. The selection 
of study units is carried out with a basis in 
analytical purposes (Halvorsen 1993). Case 
studies can consist of many different study 
units that may be delimited in space and time 
(Jacobsen 2005). A case study is often sele-
cted as part of the research design when the 
thesis question has query words like how or 
why - when phenomena in real contexts is 
examined in which the researcher har little 
control over the events that is studied (Yin 
1994). According to Jacobsen (2005), case 
studies can be used when you want a dee-
per understanding of a specific event. In our 
case study we want to investigate two dif-
ferent existing non-domestic buildings that 
are selected through the systematic selecti-
on method that was presented section 3.3.2. 
As mentioned several times, we want to in-
vestigate the energy efficiency of existing 

non-domestic buildings through a focus on 
the gap between expected and actual energy 
use and management and use. We will pre-
sent the buildings and take some photos to 
illustrate how the exterior and interior of the 
buildings looks. Plans and documentation 
will show an overview of the buildings. Our 
data collection of primary and secondary 
data will help describe how the building is 
or should be managed, operated and main-
tained - and how it is used or should be used. 
Which means that both the interviews and 
documentation will hopefully give us some 
insight into the management of the buildings 
and the users energy perspective and behavi-
or. Measurements and energy readings will 
be read by the buildings energy monitoring 
devices through a BMS and EMS which ma-
kes us able to gather data and results on the 
buildings energy use and efficiency.

3.3.4 Data collection and -study

As we have mentioned earlier, we will col-
lect primary data that is qualitative (words) 
and secondary data which is both qualitative 
and quantitative (numbers). To use vario-
us methods is called to combine methods, 
or more specified; method triangulation. 
Combining methods may provide a broad 
data base and a more secure basis for ana-
lysis and interpretation, while it also may 
cause the amount of data to become more 
time-consuming and harder to handle (Rep-
stad 1993). The primary qualitative data 
for the case study is collected through in-
terviews of different respondants. Respon-
dants are both managers and users of the 
two non-domestic buildings. We hope that 
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through the interviews, we can get a further 
explanation of the secondary qualitative and 
quantitative data we have collected about the 
two non-domestic buildings. The secondary 
qualitative and quantitaive data consists of 
existing documentation, reports and results 
that we have found or collected from ma-
nagers, operators or engineering managers 
at the two non-domestic buildings, but also 
from other sources such as the web. This 
should include documentation of estimated 
and measured figures compared to what is 
expected of energy use, as well as numbers 
and results from actual operation and use of 
the building. The theory and literature col-
lected through the literature study may also 
be described as secondary data. The secon-
dary qualitative and quantitative data must 
be processed and quality controlled.

3.3.5 Interviews

A qualitative interview is a method used to 
collect the primary data in a study. This met-
hod of data collection is intensive, it means 
that there are few units (respondents) and 
many variables examined (Jacobsen 2005). 
We distinguish between two types of intervi-
ews; individual interviews and group inter-
views. These interviews may again have dif-
ferent degrees of structure, i.e. the extent to 
which the interview is controlled by a set of 
constraints in form of questions and respon-
se alternatives (Jacobsen 2005). We would 
like to conduct interviews with a medium 
degree of structure. This is interviews that 
are conducted using an interview guide - a 
guide with relevant headings and open qu-
estions, so that it is possible to get unexpe-

cted points of view. This is information you 
might not get from interviews with a higher 
degree of structure (Jacobsen 2005).

Qualitative interviews can be a difficult 
method to use to collect data. It is difficult 
to plan how long it takes to complete the-
se interviews and this will often vary from 
respondent to respondent. An interview can 
last for around one to three hours, but also 
shorter or even longer. At one point during 
the interview, the interviewer may have suf-
ficient information, then it is time to end the 
interview (Holme & Solvang 1996). All in-
terviews will be transcribed if we get permi-
ssion to use a tape recorder.

For our interviews, we want respondants 
that are managers (or operators) and users. 
We want to interview two to three managers 
or operators per building who is included in 
the daily management and operation proces-
ses of the selected building. It is desirable 
that respondants has a long relationship with 
building - to get an better overview of the 
development of the management and opera-
tion of the building over time. It is also im-
portant that atleast one of the management 
respondants is working in relation with ener-
gy. As for the user repondants, we would 
like to interview users who has been at the 
buildings for some time, and not a user who 
just started to use it. We feel that a user who 
has been a user of the building for some time 
might have a better input towards our mas-
ter’s thesis. The users will be connected to an 
organization who is located at the building. 
We want to interview two to four user repon-
dants per building. We will find and select
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relevant respondants by contacting different 
potential respondents, asking a few simple 
questions to make sure that they are rele-
vant for our interviews. This are questions 
about their relation with the building, how 
long their been managing it or have used it 
and what they do at the building and if they 
would like to help us by being a part of our 
case study be letting us interview them. Af-
ter we have evaluated the potential users 
who is willing to be a part of our case study, 
we will agree on a date for the interview to 
be conducted.

To sum up, our case study will include two 
to three management respondants and two 
to four user repondants per building - eight 
to 14 respondents in totalt. The number of 
respondent will depend on how much infor-
mation and input we get and how satisfied 
we are with that information. When we feel 
that we have gotten the right amount of ne-
cessary information we will stop, again bo-
und to the minimum that we should have at 
least four repondents per building and eight 
in total.

3.3.6 Interview guide

An interview guide serves as a kind of fra-
mework for interviews. This framework 
should not be too controlled, but should have 
topics that the researcher sees as central to 
the study (Holme & Solvang 1996). We have 
created two interview guides, one aimed at 
managers (or operators) of the buildings and 
one aimed at the buildings users. The inter-
view guides have thematic headings and qu-
estions as sub-sections. We have a presenta-

tion of us and an introduction to the master’s 
thesis added in the start of the interview 
guides. We want to obtain a written consent 
from the persons we interview. In this con-
cent we ask if it is okay for us to use a tape 
recorder and if we may add the trascribed 
interview in the appendix if it is appropriate 
for the master’s thesis. This is also added in 
the start of the interview guides. We will not 
do any of this without the participant’s per-
mission. All the respondants will be anony-
mous in this master’s thesis, and we will use 
their position title instead of their name. The 
interviews will be recorded on a tape recor-
der via a smartphone app which gives us the 
possibility to transcribe the interviews to en-
sure we do not miss important and relevant 
information. If respondants do not want us 
to use a tape recorder, we will refrain from 
it and take notes instead. Data collection 
must be based on the participants informed 
consent, i.e. those participating in the study 
do this voluntary, based on an assessment 
of risks and benefits of participating in the 
study (Jacobsen 2005). Our interview guides 
are added as attachments in this master’s the-
sis appendix. The interview guides should be 
tested before they are used, this is to make 
sure they are optimized so that we may get 
the information we need for the case study.

3.4 Research quality

In this section we discuss various factors re-
lated to the quality of the method, research 
design and data collection. As we have writ-
ten before, we have chosen to conduct a lite-
rature study based on the thesis question and 
research questions, and a case study of two 
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selected existing non-domestic buildings 
what where selected through a systematic 
selection method. In the case study we will 
collect primary qualitative data (through in-
terviews with a medium degree of structure) 
and both qualitative and quantitative secon-
dary data (through documentation, measure-
ments and results of the buildings, as well as 
external theory and literature to support the 
master’s thesis). After the study is comple-
ted it is important to be critical of it (Jacob-
sen 2005). Is the study valid and reliable? 
The findings, analysis and conclusion are 
made on the basis of the primary and secon-
dary data collection and study findings. You 
can evaluate the quality of a study if you are 
critical to the validity and reliability of the 
study (Jacobsen 2005).

3.4.1 Validity

Validity can be divided into internal and ex-
ternal. The internal validity will say somet-
hing about if the discoveries that are made 
are perceived as correct and have a high de-
gree of satisfaction towards the purpose of 
the master’s thesis. The external validity will 
say something about if the findings may app-
ly to other contexts - i.e. a degree of genera-
lization. The validity of a study is dependent 
on what that has been studied, and whether 
the thesis question is desired clarified on the 
basis of it (Holme & Solvang 1996).

The internal validity is about if a phenomenon 
is described correctly (Jacobsen 2005). To 
test the internal validity, there are several 
methods that can be used. One method is to 
present the findings and conclusions made 

for those who have been studied (Jacobsen 
2005) - in our case the buildings and respon-
dents. This is done to examine whether the 
respondents recognize themselves in what is 
being presented (Jacobsen 2005). This met-
hod of examining the validity has not been 
performed. An other method to examine the 
validity is to control the study in regard to 
external theory, literature and empirism. The 
validity would be strengthened if it is equ-
al contexts (Jacobsen 2005). This is partly 
performed through the literature study and 
the case study and conduction of interviews 
- through the analysis of the master’s thesis. 
We can see that there is both similarities and 
differences. The internal validity of the mas-
ter’s thesis may be perceived as strengthe-
ned because of this. In relation to the internal 
validity it is also imporant to go though and 
be critical of the sources and the informati-
on from the sources (Jacobsen 2005). I this 
master’s thesis our sources is a combination 
of theory and literature, documents, reports 
and results, and respondents interviewed. 
We think that we have selected appropriate 
and good respondents, which have managed 
to provide important insight and informati-
on. It can be discussed how specific and cor-
rect the conducted information is, especially 
in relation to the users of the buildings that 
have different behaviors and only constitute 
a small part of the overall organization(s) at 
the buildings. The theory and literature gat-
hered can be argued to come from credible 
sources. The same applies to documents, re-
ports and the results in relation to the buil-
dings and energy use - as long as the energy 
monitoring devices are working properly. 
Information from severeal independent sou-
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rces should support the validity of the study 
(Jacobsen 2005). We think that we have se-
veral credible sources in this master’s thesis 
and that the validity is strengthened because 
of this. Both similar and different descripti-
ons may strengthen the validity of a thesis 
since it is natural that people interpret and 
experience various circumstances different-
ly. This is one of the main points of qualita-
tive methods (Jacobsen 2005). Information 
in relation to the interviews will often be 
characterized by either being a reaction or 
a spontaneous statements by the respondent. 
The information which is a reaction based 
on a question from the researcher will often 
be described as a controlled response. The 
information based on the resondents own 
initiative will often be considered to have a 
greater validity since this is information that 
is not controlled by the researcher (Jacobsen 
2005). Our interviews has both been charac-
terized by our influence and the respondents 
own initiative.

As stated before, we want an exploratory stu-
dy where we explain why or how something 
occurred - and how this can be changed. In 
relation to this the connections are important 
- to explain how one factor explains anoth-
er. People do not always have an overview 
of all explanations. It can be discussed who 
has the best explanations (Jacobsen 2005). 
In relation with this it is important to try to 
identify different explanations from diffe-
rent sources (Jacobsen 2005) - in our case,  
respondents at different levels. People often 
percieve that one event leads to another, but 
it is important to be critical of the events, 
since the events not always are interrelated 

(Jacobsen 2005). Jacobsen (2005) writes 
that it is important to ask critical questions of 
the various explanations and events to inves-
tigate the relations and explanations, aswell 
as the importance of them. We think that we 
have had a critical relation to the different 
circumstances and explanations, and that by 
connecting them together through an analy-
sis where these have been considered have 
supported the validity of the master’s thesis.

The external validity is about the extent to 
which the findings and conclutions made can 
be generalized (Jacobsen 2005). This is not 
the purpose of the master’s thesis, which is 
rather to highlight causes, possibilities and 
important aspects - to understand and elabo-
rate concepts and phenomena. There are two 
forms of generalization, theoretical generali-
zation and statistical generalization. Theore-
tical generalization is generalizing from data 
in a small range of objects to a theoretical 
level. Statistical generalization is to genera-
lize the frequency of a phenomenon based 
on a small range of objects to describe a lar-
ger group of people (Jacobsen 2005). Our 
method, research design and data collection 
does not support the statistical generalizati-
on, especially because of the number of re-
spondents, the choice of interviews, and the 
case study with two buildings. It is difficult 
and unlikely to imagine that these represent 
other buildings and people properly. Jacob-
sen (2005) writes that you can never be sure 
if you have got a representative selection of 
objects. Theoretical generalization may be 
possible based on our method, research de-
sign and data collection, but this will depend 
on if the findings are supported by other stu-
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dies and research (Jacobsen 2005). If several 
studies from different contexts say the same, 
there may be an opportunity for generaliza-
tion (Jacobsen 2005). We think that some 
specific factors in our master’s thesis might 
translate two other context, but that our mas-
ter’s thesis is not intended or suitable for ge-
neralization.

3.4.2 Reliability

If a study can be regarded as reliable is ba-
sed on whether we can trust the data that has 
been collected by the researcher (Jacobsen 
2005). This is determined on the basis of 
how the data has been collected and how the 
data has been processed (Holme & Solvang 
1996). To what extent is the reliability of the 
findings of a study been affected? This may 
for example be about a research effect that 
we wrote about earlier in the master’s thesis, 
the research method or poor execution of the 
analysis (Jacobsen 2005).

All types of visible studies will expose the 
study objects of some form of signals and 
stimuli which the study objects responds to 
(Jacobsen 2005). There is a possibility of 
a research effect, interview effect or con-
text effect. The research or interview effe-
ct is about the extent to which we influence 
the respondents, while the context effect is 
about how the context effect the respondents 
(Jacobsen 2005). It is almost certain that we 
have affected all those we have interviewed 
to some extent, large or small. We have writ-
ten an interview guide so that the respondents 
in advance have an overview of the planned 
questions. This might be both positive and 

negative, since it enables the respondents to 
think through the questions and considered 
what they might say while they are alone. At 
the same time, the questions will also have 
some sort of effect on the respondents. In 
all the interviews we have also had several 
additional questions that may have control-
led the interview in a direction. Although, 
we have tried to let the respondents have a 
opportunity and freedom to make their own 
and impulsive response. 

Context effect can be divided into both artifi-
cial and natural, and planned and surprising.
People often have different behavior in dif-
ferent contexts. Choosing a natural setting 
can help to reduce the context effects, but it 
may also be a greater potential for disruption 
in the natural contexts. Respondents’ ans-
wers will also vary according to whether the 
interview is planned in advance or not. A re-
spondent may respond differently in regard 
to this, but what is best suited can be discus-
sed (Jacobsen 2005). To reduce the context 
effects, we have always been in rooms or 
areas that are known and common for the re-
spondents. Yet, it is not common for respon-
dents to be interviewed. All interviews was 
planned and scheduled in advance.

The reliability can also be influenced by the 
researcher’s ability and accuracy in data 
collection, processing and analysis of data 
(Jacobsen 2005). We have been very spe-
cific when we have collected and evaluated 
all data collected in relation to this master’s 
thesis. Everything has been systematically 
reviewed to ensure adequate and appropriate 
quality. Nevertheless, it is possible that there 
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have been made mistakes. To reduce this 
possibility, all interviews were recorded and 
transcribed. All other data have been collec-
ted, systematized and evaluated. We feel that 
this may help to strengthen the reliability of 
the thesis. We have, throughout the master’s 
thesis emphasized to describe and document 
what we are looking for, why we have cho-
sen just that and where we have found it in 
regard to the data. The use of method tri-
angulation have also ensured that we have 
shed light on the master’s thesis through se-
veral methods and aspects.

3.5 Summery of research met-
hod

We will use references to specific sections in 
this chapter.

This master’s thesis is performed based on a 
thesis question and three research questions. 
The purpose with the thesis question and re-
search questions is to investigate energy effi-
ciency through management and use of exis-
ting non-domestic buildings with a focus on 
the gap between expected and actual energy 
use. This is the basis for the applied method, 
where the thesis question has an intensive 
purpose with an explanatory direction (3.3).

There are several methods used to collect 
both primary and secondary data that can 
be defined as both qualitative (3.2.1) and 
quantitative (3.2.2). This can be described 
as method triangulation (3.3.4). Case study 
(3.3.3), literature study (3.3.1), interviews 
(3.3.5) with an interview guide (3.3.6) and 
data collection (3.3.4) is the main methods 

used, with the support of a systematic sele-
ction method and criteria to select the cases 
for the case study (3.3.2).

Both validity (3.4.1) and reliability (3.4.2) 
can be assessed as satisfactory and it have 
been several initiatives to strengthen the qu-
ality of the methods and study in the mas-
ter’s thesis, especially based on sources that 
have been used (3.4).
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Chapter 4
Presentation of cases and findings - from the conducted case 
study and related interviews
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Picture 1 - Main entrance of Realfagbygget (Photo: Daniel R. Hansen).
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Realfagbygget
Høgskoleringen 5, 7491 Trondheim

1. Is a non-domestic building?

Yes, university and college building, building group 62, building type 621.

2. Is located in Trondheim?

Yes, Høgskoleringen 5, 7491 Trondheim.

3. Are older than two years and younger or equal to fifteen years old?

Yes, opened 31 May 2000, 14 years old.

4. Must have usable floor space greater than 3000 m2?

Yes, 40 000 m2 usable floor space.

5. Is connected to district heating?

Yes.

6. Has had a working BMS throughout the life cycle?

Yes.

7. Have atleast two years of energy figures?

Yes, energy figures back to 2003.

8. Have a gap (deviation) between expected and actual energy use?

Yes.

9. Have an energy monitoring system (EMS)?

Yes.

10. Have a separate dedicated management department that monitors the building?

Yes, both a management department and a operation department.

11. Have greater use intensity than 100 users per day?

Yes, approximetly 3200 users daily.

12. Have users that are connected to the building (employees ect.)?

Yes, both employees, students and operation and maintenance personnel.
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Picture 2 - Front facade of Miljøbygget (Photo: Daniel R. Hansen).
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Miljøbygget (KLP-bygget)
Professor Brochsgate 2, 7030 Trondheim

1. Is a non-domestic building?

Yes, office building, building group 31, building type 311.

2. Is located in Trondheim?

Yes, Professor Brochsgate 2, 7030 Trondheim.

3. Are older than two years and younger or equal to fifteen years old?

Yes, completed November 2009, over 4 years old.

4. Must have usable floor space greater than 3000 m2?

Yes, 13.100 m2 for rental, and 3.300 m2 usable floor space for basement parking and technical rooms.

5. Is connected to district heating?

Yes.

6. Has had a working BMS throughout the life cycle?

Yes.

7. Have atleast two years of energy figures?

Yes, energy figures back to 2011.

8. Have a gap (deviation) between expected and actual energy use?

Yes.

9. Have an energy monitoring system (EMS)?

Yes.

10. Have a separate dedicated management department that monitors the building?

Yes, are managed and operated by an organization.

11. Have greater use intensity than 100 users per day?

Yes, but users vary in regard to how much area that is rented out.

12. Have users that are connected to the building (employees ect.)?

Yes, both organizations, employees and operation and maintenance personnel.
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4.0 Case study

In this chapter we will present the empiri-
cism that we have conducted in regard to the 
tasks of the master’s thesis. After trying se-
veral potential buildings with our systematic 
selection method and criteria we have ended 
up with two buildings fitted for our case stu-
dy. The two buildings are Realfagbygget and 
Miljøbygget (also called KLP-bygget). On 
the four previous pages, we made an overvi-
ew of the criteria, structured as questions and 
answered them to show that the buildings 
have passed the criteria and have been sele-
cted for our case study. We will present our 
findings, which is both primary and secon-
dary data that we have gathered and can be 
defined as both qualitative and quantitative 
as we wrote in chapter 3. The primary data is 
the result of the interviews that we have con-
ducted. We have conducted 12 interviews in 
total, seven in regard to Realfagbygget and 
five in regard to Miljøbygget. The secondary 
data is from documentation, reports and ot-
her sources such as the web. The chapter is 
structured so that we first present findings for 
Realfagbygget, then Miljøbygget. We have 
several sub-sections for each case where we 
first describe benefits and risks in regard to  
the selection. Further, the buildings are pre-
sented, then we present the energy use, gap 
and label. Finally, we present the findings 
from the conducted interviews.

4.1 Case - Realfagbygget

4.1.1 Benefits and risks

Realfagbygget is a building that we are 

users of almost every day. We are students 
who have used the building frequently over 
the past two years. For this reason there are 
both benefits and risks associated with this 
selection. The benefits related to this per-
spective is that we are very familiar with the 
building, we have contacts and possibly an 
easier access to both the building, people, 
organizations, help and support in regard 
to the case and our master’s thesis. At the 
same time, this leads to a risk since we need 
to have a nautral posistion in relation to the 
empiricism - interviews and findings. We 
may not always agree with everything being 
said because we have our own experiences, 
expectations, needs and views in regard to 
both the management, operation and use of 
the building. We also recognize and agree 
with many factors that have been presen-
ted through the interviews and general data 
collection. This makes us both critical and 
partially agreed with the various aspects of 
the empirical data. Our challenge has been to 
stand as a neutral party for the empirical fin-
dings. The findings is based on our intervi-
ews, interview guide, choice of respondents 
and data gathering among other factors - the 
empiricism. We have tried to not steer the 
interviews too much, but have rather used 
the interview guide as a red line to stick to, 
where additional questions was asked from a 
neutral standpoint and in regard to the theory 
and literature. This is something we think 
we’ve managed well, but it will certainly 
be a degree of research effect as desribed in 
chapter 3.

An other risk factor we detected relatively 
early is that the buildings of NTNU (Norwe-
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gian University of Science and Technology) 
is poorly documented. There is little avai-
lable documentation about Realfagbygget, 
especially in regard to a detailed and techn-
ical nature. We have tryed to the best of our 
efforts to get as much data as possible with 
help from the respondents. The building is 
14 years old and is not built in regard to to-
days technical requirements (TEK 10). Th-
ere have been many changes along the way, 
especially in terms of technical installations 
and systems. We have not been able to docu-
ment what the building was expected to use 
of energy, based on the design phase, which 
is fine in regard to our focus on existing buil-
dings presented in chapter 1. Since systems 
have been replaced and renewed, we have 
not been able to obtain energy figures for the 
whole life of the building. We have howe-
ver managed to obtain energy figures back 
to 2003, through restoring older systems 
with the help of the operations department at 
NTNU. One benefit with this building is that 
it satisfies the category of existing building 
well. It is not so old, built modern and has 
been used and operated for 14 years. This 
makes it possible to look at the situation, par-
ticularly from an management and operatio-
nal perspective. Students who began using 
the building is done with their studies long 
ago, we have still got to interview students 
who have been users for up to six years, and 
an employee who has been stationed in the 
building since 2001. There is still a risk in 
regard to the high amount of different users 
who use the building, which most certainly 
have different views, expectations and expe-
riences, but we can not conduct them all, and 
have to base our findings on the respondents 

who we have interviewed.

4.1.2 Presentation

4.1.2.1 General description

Realfagbygget is one of the many buildings 
at the Gløshaugen campus of NTNU (Nor-
wegian University of Science and Techn-
ology). Realfagbygget was opened on the 
31st of May 2000. This is three years after 
the foundation stone was placed. The idea 
behind Realfagbygget was to gather the sci-
ence subjects, which partly was located in 
different locations of the city of Trondheim, 
and to make a stronger integration of the 
professional activities (Statsbygg 2014a).

Realfagbygget is a large building, construc-
ted on a relatively small site with a total of 
nine floors plus an additional technical floor 
on the roof. The building consists of 62 605 
m2 gross floor area (GFA) and approximately 
40 000 m2 UFA. The area consist of audito-
riums, classrooms, reading rooms, cafeteria, 
canteen, teaching and research laboratories, 
library and offices among other areas such 
as areas for leisure, movement and operation 
(Statsbygg 2014b, Statsbygg 2014c, Univer-
sitetsavisa 2000).

The architecture at Realfagbygget shall 
express exploratory, enlightening and pro-
gressive qualities. The architecture has been 
a factor with a high priority. This is to esta-
blish surroundings that support and promote 
an intriguing place of study and the creation 
of ideas. The architectural form is strict, li-
near and rectangular - coordinated to meet 
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and embrace the environment. Realfagbyg-
get is connected to older chemistry buildings 
which has affected the the design and stru-
cture. The architectural principles are resol-
ved through shades and variations related to 
the building construction (Statsbygg 2014b).

Realfagbygget has been decorated with art 
based on an idea to address a link betwe-
en science and humanities - the result is a 
crossing point between ornate artists and the 
scientific community. There has also been 
composed a set music pieces which is put to-
gether randomly and played occasionally ba-
sed on a computer program that consider the 
wind, weather and heat sensors. The music 
is played through 32 speakers. The idea is 
to create an exciting and vivid environment, 
which are not a nuisance for the users (Stats-
bygg 2014b, Universitetsavisa 2000).

The common areas of Realfagbygget is 
split on each side of a transversal axis, a 

main internal communication that bridges 
from the main access zone, the entrance in 
the east and goes west through the building 
to a 90 degree bend down towards an oth-
er access zone, a entrence in the north. The 
main communcation axis is shown in picture 
3 above. On each side of the axis there is 
auditoriums, reading rooms, a library, cafe-
teria, canteen, leisure areas, stairs, elevators 
and corridors down to teaching and research 
areas, office areas, laboratories and technical 
rooms. A leisure area is shown in picture 4 
on the next page. There are technical areas 
organized as individual and open units on 
the roof, connected to technical rooms. This 
solution attempts to give a high-tech expres-
sion of the building and is also an active part 
of the building (Statsbygg 2014b).

High user frequency functions are located 
on the first floor and in the first basement 
floor (U1). These functions are attached to 
the main communication axis described abo-

Picture 3 - Main communication axis in the first floor (Photo: Lars A. K. Jørgensen).
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ve - working like a main street through the 
building. The functions are accessed through 
the main entrance on the first or through ot-
her desentralized entrances connected to the 
functions. Other functions is also connected 
to this axis on different levels (Statsbygg 
2014b).

An information and monitoring section is lo-
cated on the first floor close to the main en-
trance. The faculty offices is located on the 
first floor, and can be located and accessed 
from the main communcation axis near the 
main entrance. The institutes is located from 
the fifth floor, down to the third basement 
floor. Their location is based on function and 
student frequency (Statsbygg 2014b). The-
re is a canteen for employees, students and 
visitors which contains 450 seating places, 
located on the first floor where the axis bend 
90 degrees. The canteen has access to an 
outside terrace and an overview of the city 
of Trondheim. A small cafeteria is located in 

the first basement floor, below the main en-
trance. The cafeteria has access to an outside 
terrace facing south (Statsbygg 2014b).

The library is located on the first floor and 
the first basement floor, with entrance from 
the  main communication axis close to the 
main entrance of the building. The library 
is a shared library for the science subjects 
(Statsbygg 2014b).

Realfagbygget has nine auditoriums. All of 
them is accessed from the first basement 
floor. The reading rooms is mostly located 
on the first floor with access from the main 
communcation axis and close to the library. 
There are many reading rooms of different  
sizes. There are group rooms and meeting 
rooms of smaller size available to the users 
of the building, which are located on almost 
all floors of the building (Statsbygg 2014b).

Realfagbygget has several computer rooms

Picture 4 - Leisure area taken from the first floor (Photo: Lars A. K. Jørgensen).
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and laboratories, which is located in the first 
and second basement floor (U1 and U2) with 
access from the main communcation axis.
There are several workshops located at Re-
alfagbygget - both for metal, glass, wood, 
electronics and computers. The metal, glass, 
and wood workshops are located on the third 
basement floor (U3). The electronics and 
computer workshops is located on the se-
cond and third floor (Statsbygg 2014b).

Techincal rooms is located in the forth base-
ment floor (U4) and include rooms for un-
interruptible power supply, reserve power, 
tranformers, switchboard, cooling and hea-
ting plant, and telephone and telematics cen-
tral. There are also ventilation rooms placed 
in the basement and on the roof. Storage is 
placed in the institute areas and in the dark 
zones of the building - more specifically in 
the second, third and forth basement floors 
(Statsbygg 2014b).

4.1.2.2 Address

The address of Realfagbygget is Høgskole-
ringen 5, 7491 Trondheim.

4.1.2.3 Localization

Realfagbygget is correctly located in Nor-
way, Sør-Trøndelag, Trondheim, Gløshau-
gen, Høgskoleringen 5, 7491 Trondheim. Fi-
gure 13, 14 and 15 in the next column shows 
the location and orientation - north is up.

Figure 13 - Trondheim (FINN kart 2014).

Figure 14 - Campus Gløshaugen (NTNU) 
(FINN kart 2014).

Figure 15 - Realfagbygget (FINN kart 
2014).
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4.1.2.4 Floor plans

Figure 16 below show the floor plan for the 
first floor at Realfagbygget - with different 
colors and letters for the different building 
blocks which is commonly used at Realfag-

bygget, according to the respondents. We 
have added additional floor plans for Real-
fagbygget in the appendix. The floor plans 
support the descriptions about the building 
aswell as the interviews to get a better over-
view and understanding of the case study.

Figure 16 - Edited floor plan of the first floor at Realfagbygget (NTNU 2014a).

N
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4.1.2.5 Project costs

Total project costs was approximately 1 310 
600 000 NOK which gives 20 934 NOK per 
m2 GFA (Statsbygg 2014c).

4.1.2.6 Building technical

The facade construction on the exterior is 
characterized by extensive use of white pla-
ce molded concrete and the use of glass. The 
main wings are covered with a white-yellow 
travertine and is attached on rails. There is 
used untreated teak on frames, window ele-
ments, openings and on recessed walls of the 
white concrete surfaces. The wood is used 
to bind the components together. The tran-
sverse blocks are treated with a combination 
of rust red, yellow and earth colored plaster. 
There is also used a proportion aluminum as 
fixed shading devices (Statsbygg 2014b).

The inside of Realfagbygget is also charac-
terized by the use of white place molded 
concrete, which have the same pattern as 
the exterior, but it is more dust treated and 
hand sanded. The walls of the corridors in 
the main wings is painted with different co-
lors, a factor that continues throughout the 
building. The ceilings are constructed with 
aluminum rails and covered with wood in 
auditoriums and classrooms. The library, 
teaching areas and corridors has a linoleum 
flooring, while laboratories has a homoge-
neous vinyl flooring. The canteen, the po-
dium in the auditoriums and some group 
rooms has oak floors. The walls of the main 
communication axis and canteen has walls 
of wood and concrete (Statsbygg 2014b).

Realfagbygget has large areas dedicated to 
technical installations to support the large 
building. There is installed around 90 diffe-
rent ventilation systems. Lighting is control-
led through a central, while common areas 
are installed with light sensors (Universi-
tetsavisa 2000). In regard to a respondent, 
district heating and electricity is used for he-
ating through heat pumps, heat recovery and 
ventilation. Cooling of the building is done 
by means of ventilation and pumps. The 
building is equipped with radiators in sever-
al areas and rooms. This year it has been in-
stalled ammonia pump that both support he-
ating and cooling of the building in regard to 
the respondent. The building has three BMS 
that control the technical installations, while 
a EMS keep an overview and control of the 
energy performance through 400-500 energy 
monitoring devices, based on a respondent.

4.1.2.7 User technical

Realfagbygget has many different users, 
which has different needs of technical equip-
ment everyday. Students has reading rooms, 
group rooms, auditoriums, a library, compu-
ter rooms, labratories, workshops available 
with related equipment to each room. There 
are computers available in some rooms such 
as the computer rooms and in the library. Th-
ere is power outlets available in most rooms  
to support the use of a laptop or other devices. 
Most teaching rooms and some group rooms 
are installed with projectors or screens. The-
re are also computers available to guests and 
visitors. Some rooms have installed radiators 
and light switches, while other rooms and 
areas, especially common areas has sensors. 
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Room temperature is mainly set by the ope-
rating personnel, but may be affected by use 
of the radiators and window where that is a 
possibility. Most of these windows open to 
the indoor enviroment of the building rather 
than the out side environment. Employees 
and staff use different office rooms, meeting 
rooms, printing and office equipment rooms 
and common areas. A general office room is 
equipped with a computer, phone, radiators 
and has a window which may be opened. 
The possibility to open a window to the out 
door environment has been changed at the 
request of users. There are also windows 
that open to the indoor environment. Room 
temperature in these areas is mainly set by 
the operating personnel, but may be affected 
by use of the radiators and window. There 
are of course various chairs and tables oth-
er furniture placed in the different rooms for 
the different users and functions. It installed 
several elevators of various sizes in the buil-
ding. All this is based on the respondents.

4.1.2.8 Owner

Accordring to a respondent, NTNU had a te-
chnical department, which was split into a 
property management deparment and a ope-
ration department in 2009. Realfagbygget is 
owned by the property management depart-
ment at NTNU.

4.1.2.9 FM organization

As stated above, NTNU has two depart-
ments with different tasks in regard to the 
management, maintenance and development 
of Realfagbygget. The operation department 

has the responsibility for the on going main-
tenance, day-to-day operation of the building 
and energy monitoring. The property mana-
gement department has the responsibility for 
the general management, development and 
other maintenance. The difference between 
the departments is mainly the day-to-day 
focus (operation department) and the long-
term perspective (property management de-
partment) (NTNU 2013).

4.1.2.10 Users

Realfagbygget is a building of the Gløshau-
gen campus of NTNU. NTNU is short for 
Norwegian University of Science and Te-
chnology and has the main responsibility for 
the higher technology science eduaction in 
Norway, with the addition of medicine, ar-
chitecture, arts, humanities, social sciences, 
humanities and teacher education (NTNU 
2014b).

NTNU has around 23 000 students, where 
2 600 students come from abroad. NTNU 
has approximately 5 000 full-time positions 
where the proportion directed towards te-
aching and research is around 3 000. NTNU 
concists of seven faculties and 48 institues 
(NTNU 2014c). Departments and sections 
located in Realfagbygget is a division of 
study administrative support, a IT division, 
the examination office of NTNU, the NTNU 
library (natural science library), a industrial 
ecology programme, the faculty of natural 
sciences and technology, the department of 
biology, the department of physics and the 
department of chemistry (NTNU 2014d). 
Operating and maintenance personell with



Non-domestic building typologies - Master’s thesis in Real Estate and Facilities Management78

responsibility for Realfagbygget is also lo-
cated at Realfagbygget. Realfagbygget has 
many different users, students, staff, em-
ployees, operators, janitors, cleaning and 
maintenance workers, guests and visitors. 
There are also external service providers 
who come to the building for repairs on te-
chnical installations among others. The end 
user at Realfagbygget are mainly the stu-
dents, staff and employees. There is appro-
ximately 3200 users daily at Realfagbygget. 
All this is based on the respondents.

4.1.3 Energy use, gap and label

4.1.3.1 Expected energy use

We have not found any documentation on 

how Realfagbygget was expected to per-
forme in regard to any estimates of energy 
use from the design or constrcution phase. 
Through our interviews, we found out that 
expected energy use for Realfagbygget is 
calculated based on the average of the ener-
gy use for the three last years without the use 
of temperature correction. We will use the 
same calculation method. Findings from the 
interviews are presented later in this chapter. 
We have acquired energy use figures back to 
2003, and will calculate the expected energy 
use from 2006 to 2014. Table 4 below show 
expected energy use for each year. In figure 
17 below is a graph showing the develop-
ment in the expected energy use from 2006 
to 2014. The numbers used are based on ele-
ctricity and district heating figures.

Table 4 - Expected energy use for Realfagbygget.

Figure 17 - Expected energy use for Realfagbygget.
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4.1.3.2 Actual energy use

The actual energy use at Realfagbygget is 
data measured with energy monitoring de-
vices attached to the technical installations 
and gathered with a EMS through the BMS, 
according to the respondents. Table 5 below 
show the actual energy use for each month 
and year. Table 6 show the proportion of 

electricity use for Realfagbygget. Figure 18 
below show a graph for each year and the 
energy use per month. In figure 19 on the 
next page is a graph showing the develop-
ment in the actual energy use from 2003 to 
2013. The numbers used are based on ele-
ctricity and district heating measurements 
and figures.

Table 5 - Actual energy use for Realfagbygget.

Figure 18 - Actual energy use for Realfagbygget per month.

Table 6 - Proportion of electricity use for Realfagbygget.
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4.1.3.3 Gap

By comparing the calculations for expected 
and actual energy use it is possible to cal-

culate the gap. Table 7 below show the gap 
between expected and actual energy use. Fi-
gure 20 below show graphs for the expected 
and actual energy use - illustrating the gap.

Figure 19 - Actual energy use for Realfagbygget.

Table 7 - Gap between expected and actual energy use for Realfagbygget.

Table 20 - Expected and actual energy use for Realfagbygget.
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4.1.3.4 Energy label

According to a respondent, Realfagbygget 
has not been energy labeled yet, but NTNU 
has a aims to energy label one building per 
year.

4.1.4 Interviews of facilities mana-
gers

In this section, the data and findings from 
the interviews of the facilities managers at 
Realfagbygget are presented. The section is 
structured based on the interview guide with 
the theory and literature chapter in mind. We 
start with the respondents (anonymously) 
to present their management profile, then 
go into the organization, management and 
tasks, calculation and measurement of ener-
gy use. Finally, we present their evaluation 
of the building. The citations is translated 
from norwegian to english by us with a focus 
to render as correctly as possible.

4.1.4.1 Respondents

We have interviewed three facilities ma-
nagers of Realfagbygget. The interviews 
were conducted between the 4th and 22nd 
of April. Of the three respondents, one is a 
operation chief, one is a operation manager 
and one is a site manager.

The operation chief is an employee of the 
operation department at NTNU and is not 
stationed at Realfagbygget. A general day 
varies, but mostly consists of management 
and strategic planning processes in regard to 
the buildings of NTNU, often through me-

etings and conversations. There is also oth-
er administrative tasks included every day. 
The operation chief is educated as a marine 
engineer - which the respondent describe as 
a leadership education. The operation chief 
has been a facilities manager of Realfagbyg-
get since 2009, has worked as a facilities 
manager since 2002 and has had leadership 
positions since 1980.

The operation manager is en employee of the 
operation department at NTNU and is not 
stationed at Realfagbygget. A general day 
varies between operation and monitoring 
tasks in regard to the BMS and EMS, whi-
le also develop and consider measures and 
possibilities in regard to both Realfagbygget 
and all the other buildings at NTNU. The 
operation manager is initially educated as 
an engineer and have worked with building 
automation since 1980. The operation mana-
ger started to work as a facilities manager 
in 1994, when the respondent was employed 
at the technical department at NTNU. The 
emplyee has worked as a facilities mana-
ger in regard to Realfagbygget since it was 
constructed and ready for use in 2000. The 
respondent has had the current position as a 
operation manager with the responsibilities 
in regard to building and energy manage-
ment since 2009.

The site manager is an employee of the ope-
ration department at NTNU and is stationed 
at Realfagbygget. A general day varies bet-
ween supervision and responsibilities for 
the operation of technical systems, mainly 
through operation and maintenance. The site 
manager is certified within the area of HVA-
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C. The site manager has been a facilities ma-
nager of Realfagbygget since 2004, and has 
had the same position the whole time. The 
respondent has worked within management 
and operation of buildings since 1994.

4.1.4.2 Organization

The management and operation of Realfag-
bygget and the other buildings of NTNU is 
split between a property management depart-
ment and a operation department. The pro-
perty management department is the owner 
of the buildings and has the responsibility to 
manage, develop and maintain the buildings 
form a long-term perspective. The property 
management department also manage rental 
administration, internal renting and all costs. 
The property management department con-
sists of 12 employees. The operation depart-
ment has the responsibility for all operation 
tasks, cleaning, janitoral services, mail, park, 
transportation, building security, issuance of 
access cards among other services. Everyt-
hing is in-house, according to a respondent, 
expect for specific repairs and construction 
projects. The operation department consists 
of about 350 employees. The property ma-
nagement department and the operation de-
partment at NTNU is located in the same 
building, close to Realfagbygget.

The main structure of the management and 
operation at NTNU is the the division of 
property management department (staff) 
and the operation department. The operati-
on department is structured around a section 
of operations and logistics, and a section of 
craft services and building security. The se-

ction of operations and logistics is devided 
between operating areas (campus areas);

- Gløshaugen (north, middle, south) 
- Dragvold
- outer areas
- park, transport, postal 
- NTNU Printing

The section of craft services and building se-
curity is devided between disciplines;

- building
- HVAC
- electro
- building security

Realfagbygget is within the operating area 
of Gløshaugen south, where there is a ope-
rations manager for the operating area, and 
building manager and a site manager for Re-
alfagbygget. The building manager has the 
responsibilities of the janitorial and cleaning 
services, while the building is controlled and 
monitored by the site manager. The operati-
on department also control and monitor the 
building from the external management and 
operation building as a main support with a 
focus on tuning and energy monitoring. It is 
mainly the operation chief who is the respon-
dent who has the best overview of the whole 
organization and structure, while the two ot-
her respondents mostly has an overview of 
the organization structure close to them, like 
who they report to and their responsibilities 
and tasks.

4.1.4.3 Management and tasks
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The responsibilities and tasks are different 
between the three respondents interviewed. 
The site manager is stationed at Realfag-
bygget, while the two other respondents are 
stationed at an external building close to Re-
alfagbygget and at the Gløshaugen campus. 
For the respondent stationed at the building, 
the tasks revolve operation and maintenance 
specifically for Realfagbygget and of the te-
chnical systems. This is mainly done through 
the BMS and other monitoring and control 
systems. The respondent also have some 
tasks to manage and follow-up external con-
tracted companies which is at the building to 
preforme services or repairs. This is main-
ly measures that are needed and identified 
during an annual inspection. There are also 
measures that are reported through a system 
called Lydia. ”We use a system called Lydia, 
where we have measures and periodic mea-
sures to carry out”, the respondent told us. 
Lydia is a system where all the users or em-
ployees can report cases and measures. The 
cases and measures are graded by priority. 
Since it is such a large building with many 
different technical installations, there is of-
ten unexpected cases that must be handled, 
according to the respondent. ”Realfagbyg-
get is a building in continuous development 
and gets new technication installations that 
require tuning and monitoring, especially in 
the recent years”, the respondent told us.

The operation chief is stationed at the ex-
ternal building mentioned, and has the main 
responsibility for operation and maintenan-
ce of all the buildings of NTNU, around 580 
000 m2. ”Everything is basically managed 
and operated from here”, the respondent 

told us. A general work day for the respon-
dent, revolves around meetings. The respon-
dent has a staff to support with matters and 
administrative tasks.

The operation manager is stationed at the 
external building has the main responsibi-
lity in regard to control and monitoring the 
buildings of NTNU with a focus on the BMS 
and the energy monitoring through a EMS. 
A general day mostly consists of monitor-
ing the buildings and energy performance, 
tuning the technical installations and correct 
deviations. The respondent also develop po-
tential measures to improve and optimize the 
buildings, both as individual buildings and 
through the connection the different building 
has.

Their vision is; ”to be the most attractive 
and preferred supplier of NTNU’s operati-
on, maintenance and service tasks”, a re-
spondent told us. They have several goals, 
which was presented by a respondent. The 
objectives that were presented were to be an 
independent, responsibility conscious and 
positive staff. To have a systematic analy-
sis of costs and resource use per building. 
To strengthening the expertise in corporate 
governance, and to strengthen the customer 
or user understanding and ability to have a 
needs-oriented communication. To have sa-
tisfied employees, avoiding work-related ill-
nesses or injuries resulting from work tasks. 
No one who stay on campus shall be at risk 
for injury. Finally, they shall also increase 
the proportion of environmentally friendly 
solutions, have an organization that takes 
responsibility and develop initiatives for a s-
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ustainable university. To achieve this they 
shall implement measures to complement 
operation and maintenance plans and esta-
blish building accounting. Ensure that 
processes and solutions are based under-
standing and to support NTNU’s primary 
and core activities. Develop effective wor-
king methods and rutines. Develop arenas, 
systems and skills that help to reveal the va-
rious customer needs the best way possible. 
Develop understanding and confidence for 
ongoing development. To establish energy 
saving efforts and reduce waste. Finally, they 
shall develop attitudes about environmental 
awareness and social responsibility within 
the organization. This is mainly based on the 
operation chief, while the other respondents 
generally refer to their responsibilities and 
tasks. ”We are a relatively large organizati-
on who work hard every day at different le-
vels to ensure that Realfagbygget has good 
conditions and is operated and maintained 
sufficiently”, a respondent told us. 

”There has been a development and change 
in regard to how Realfagbygget is managed, 
operated and maintained”, a respondent 
told us. A technical department was devided 
into property management and operation in 
2009. Realfagbygget now has specific em-
ployees with responsibilities of the building, 
for the technical operation and maintenance, 
and for cleaning and janitoral services. ”This 
is something that has given a better overview 
of the various aspects, but we need to chan-
ge and develop further”, a respondent told 
us.  The respondent indicate that there is a 
need to change the functions of the property 
management department and the operation 

department. The property management de-
partment is too operational and should have 
a strategic ownership of the buildings of 
NTNU instead. ”More like building portfo-
lio management”, the respondent suggested. 
The respondents feel that the operation de-
partment is ready to take over some of the 
operational responsibilities that the property 
management department have today, especi-
ally the project management. ”They should 
plan the development, while we should car-
ry it out, today this is not so defined that it 
should be”, the respondent told us. An ot-
her respondent refers to the management, 
operation and maintenance documentation, 
which they shall relate to in regard to Real-
fagbygget. ”There have been developments 
and changes of both the building and techn-
ical installations. There is more users and a 
need for densification and rebuilding”, the 
respondent told us. These changes require 
tuning and optimization of the building and 
makes the documentation outdated to some 
degree, the respondent indicate.

To work towards best practice the operati-
on department is conducting something they 
call comparative development - also called 
benchmarking. ”The purpose is to compa-
re us to develop ourselves to be better” a 
respondent told us. ”At the same time, we 
can defend that it is best to have a in-hou-
se solution in regard to management, ope-
ration and maintenance”, the respondent 
continued. The benchmarking is performed 
with support for the consulting firm Delo-
itte. Through the benchmarking, they have 
found that they are too volunerable in regard 
to finding parameters, figures and numbers 
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in regard to the buildings, operation and 
maintenance. ”We do not have good enough 
building accounting”, a respondent told us. 
This is something they are working with to 
provide a better overview of what is hap-
pening and performed in relation to the buil-
dings. To achieve this every employee has 
to invoice performed tasks at a detailed le-
vel. The respondents also say that there is a 
strong focus on indentifying skills, training 
and education and to develop, educate and 
train the employees. ”We have good fol-
low-up of employees, education, norwegian 
language courses and computer training”, a 
respondent told us. There is also a pilot pro-
ject where the cleaning employees use an 
iPad to to control and registries the process 
of conducted cleaning. Still, there is an im-
provement area in regard to communication 
between people - both staff and students, 
management, operation and customers. Th-
ere can also be better communication betwe-
en the property management department and 
the operation department, according to the 
respondents.

The respondents think that NTNU is moving 
towards being a self-sustaining campus with 
their own high voltage system and buildings 
that are connected with each other to make 
the best possible us of energy and to reduce 
energy losses, while at the same time they 
have a full range of in-house services, mana-
gement, operation and maintenance. ”I feel 
that Realfagbygget is monitored and tuned 
continuously, but there is still a potential for 
futher improvement”, a respondent told us. 
A respondent also mentioned that they are 
trying to implement more automation of Re-

alfagbygget, which is demand controlled. 
This is to reduce the energy use of unused 
rooms and areas. ”There is also a challen-
ge to integrate new installations against the 
old”, a respondent told us. A respondent also 
mentioned that they are trying to estimate 
the future in terms of study; ”we are trying 
to find out how the students want their eve-
ryday as students in relation to campus, area 
and lectures”. A respondent suggests, based 
on trend researchers and student feedback, 
that there is more use of open and common 
areas, such as the canteen, and that the stu-
dent environment on campus is moving to-
wards a social meeting point.

4.1.4.4 Calculation of energy use

To calculate the expected energy use there 
is not developed any energy use budgets for 
management and use, but the facilities ma-
nagement of Realfagbygget use historical 
figures, the average energy use from the last 
three years, as an indication of the expected 
energy use. ”We use actual energy use from 
the last three years to calculate the expected 
energy use, actual energy use is data gath-
ered in our energy monitoring systems”, a 
respondent told us. Temperature correction 
is not performed. There are however de-
veloped energy budgets in regard to possible 
investments if there is new installations that 
are considered, and how the installations 
will contribute to a reduction in energy use. 
There is a daily review of the energy use. 
”We are really interested in reducing energy 
use and have put together an energy conser-
vation group”, a respondent told us. It is the 
operation department that carry out the calc-
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ulations for expected energy use for each 
year. This is done by gathering the energy 
data in the EMS and Excel is used for cal-
culations and analysis. None of the respon-
dents knew how Realfagbygget was expec-
ted to performe in regard to energy use.

4.1.4.5 Measurement of energy use

To monitor and measure the energy use at 
Realfagbygget, there is installed between 
400 and 500 energy monitoring devices in 
the building which read the energy data and 
send it automatically. The energy monitoring 
devices is installed on different units for ven-
tilation, water, heating and cooling pumps, 
district heating and electricity among others. 
The informations and data is communcated 
to the BMS and EMS. ”Monitoring and ener-
gy monitoring devices are used to optimize 
operation of the building”, a respondent told 
us. To ensure as optimal energy efficiency as 
possible it is important to constantly monitor 
the building and to make adjustments to co-
rrect deviation in the building and the techn-
ical installations, according to a respondent.

The actual energy use has varied from year 
to year. ”There has been some good years 
and some bad years, but we expect the ener-
gy use to be bit lower because of the ammo-
nia pump that has been installed”, a respon-
dent told us. A respondent feel that it will 
always be some sort of deviation (gap) bet-
ween expected and actual energy use becau-
se it is not possible to calculate the activity 
and amount of users in the building corre-
ctly in advance, while at the same time, the 
weather and temperature varies for year to 

year. ”This is why we use the average of the 
actual energy use from the last three years to 
try and calculate the expected energy use”, 
a respondent told us. There is also expected 
more users, since more people are taking an 
higher education. More users will most like-
ly lead to a higher energy use according to a 
respondent. ”There has been several impro-
vements the last years that have reduced the 
energy use, but this is generally in regard to 
improvement of technical installations and 
systems”, a respondent told us. Generally 
the energy use has increased steadily, but th-
ere has been a turning point the last years 
where there energy use has reduced, accor-
ding to a respondent.

”There could be many reasons for a gap 
between expected and actual energy use”, 
a respondent told us. The building and the 
technical equipment is one factor that is 
mentioned; ”there is often chosen wrong 
solutions that do not fit well together”. A 
respondent also mention the importance of 
continuous monitoring and correction. Opti-
mal and efficient operation and maintenance 
of the building is also mentioned. The out-
door temperature is an important and unpre-
dictable factor, according to the repondents.
There is also the factor of increased activity 
and more users in Realfagbygget, especially 
more activity in laboratories, which use high 
amounts of energy. The main user or tenant 
at Realfagbygget is the faculty of natural sci-
ences and technology. They have around 550 
fume hoods, which has increased over the 
years. A respondent also think that there is 
too little focus and priority on energy use, es-
pecially among the users of Realfagbygget. 
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”Operation personell with good expertice 
and experience is an important factor, since 
errors often result in high and unnecessary 
energy use if not corrected”, a respondent 
told us. There is often a lack of people with 
necessary expertise and experience to start, 
operate and monitor a large building, accor-
ding to the same respondent. Realfagbygget 
is also always available for the users, even at 
night, and it has not been facilitated for this 
activity, according to a respondent.

4.1.4.6 Evaluation

There is some disagreement in the respon-
dents evaluation and description of the buil-
ding. One respondent describe Realfagbyg-
get as a great building, which is funcational 
in many ways, but that it is hard to operate. 
An other respondent describe the building as 
a partly good building to manange and ope-
rate, with the structural limitations and as-
sumptions in regard to the building take into 
account. The building is described as a chal-
lenging building in regard to the way it is 
built; ”there is many challenges in regard to 
the technical solutions, which I see as expen-
sive to repair and maintain”. The building is 
also described as an interesting and modern 
building with a good overview.

All respondents feel that the management, 
operation and maintenance is well perfor-
med, even though there is a large potential 
for improvement, according to one respon-
dent. There is a continuous development and 
improvement, which the respondents see 
as an imporant factor. ”The operation and 
maintenance plans are constantly improved, 

which ensures a good operation and preven-
tive maintenance. The quality of our opera-
tions is important to us, the better operation, 
the less maintenance is needed”, a respodent 
told us. They are happy with the use of Ly-
dia, which makes it easier to keep track of 
the different tasks, cases and measures ne-
eded. 

There are several challenges with the buil-
ding. One is that Realfagbygget is open all 
day and night, which result in that there al-
ways is some form of activity and need for 
systems to run. ”There is possibly a big po-
tential, but I think that a good and accep-
table quality of the indoor climate takes 
priority over energy use” a respondent told 
us, and continue by saying that; ”if you ask 
someone else, they might disagree”. An in-
creasingly visible challenge is that many 
installations and building components need 
to be changed, because the of the life time 
of those installations and components. Some 
are expected, while others unexpected. This 
leads to more errors and need for unexpected 
repairs, while at the same time it is too costly 
to upgrade and change everything at once. 
New installations require the need for new 
tuning and start up periodes, a respondent 
mentioned. ”Although we have managed to 
achieve a good operation of Realfagbygget, 
it is a challenge with replacements which 
means that we almost start over again”, a 
respondent told us. To address the challen-
ges, the respondents feel that it is important 
with good area planning and better zone and 
area management. It is imporant to work to-
wards optimal operation, and follow-up on 
the operation and monitoring. A respondent 
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also mentioned the importance of leadership 
and focus from the top, benchmarking and 
communication through the organization.

4.1.5 Interviews of users

In this section, the data and findings from the 
interviews of the users at Realfagbygget are 
presented. The section is structured based on 
the interview guide with the theory and li-
terature chapter in mind. We start with the 
respondents (anonymously) to present their 
user profile, then go into their user behavior 
through building use, usage pattern, impact 
and influence of energy use, thoughts and 
focus in regard to energy use and saving, 
the gap between expected and actual energy 
use. Finally, we present their evaluation of 
the building. The citations is translated from 
norwegian to english by us with a focus to 
render as correctly as possible.

4.1.5.1 Respondents

We have interviewed four users of Realfag-
bygget. The interviews were conducted bet-
ween the 6th and 22nd of April. Of the four 
respondents, there were one employee and 
three students. We will write about and men-
tion the respondents based on their position 
- the employee and the students.

The employee is employed within the faculty 
of natural sciences and technology with re-
sponsibilities within HR and HSE. A general 
day varies based on meetings, conflicts and 
other matters that need to be managed. The 
employee has a master’s degree in knowled-
ge and innovation management. The em-

ployee started to work at the faculty of natu-
ral sciences and technology in 2001, and the 
faculty of natural sciences and technology 
has been located at Realfagbygget since it 
was ready for use in 2000. The employee is 
primarily located in an office in block D, first 
floor, which is an office only the employee 
use. The employee told us that; ”I have been 
located in the same corridor the whole peri-
od I have been here”. There are around 400 
people from the faculty of natural sciences 
and technology located in Realfagbygget, 
while they are around 1000 in total.

The three other respondents are students, 
which is their primary position at NTNU and 
in Realfagbygget. A general day varies ba-
sed on subjects, lectures, exercise sessions, 
group-study and self-study. This is common 
for all three students, who generally use Re-
alfagbygget more or less during a day, based 
on the agenda of the specific day. All three 
students is taking a degree on master’s le-
vel, within different field of study - archi-
tecture and civil engineering (energy and 
environment and computer science). Two of 
the students have been users of Realfagbyg-
get for almost five years, while one student 
has been a user for nearly six years. None of 
the students have a primary location, as in 
a fixed or permanent seating or place in the 
building. For this reason the primary locati-
on is based on a more flexible location as-
pect, which varies mostly between auditori-
ums, smaller teaching rooms, reading room, 
group rooms, the library, the canteen or the 
cafeteria. A student put it like this; ”localiza-
tion varies clearly in relation to the year I’m 
at and what subjects and projects I have that 
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year”. This is common for all the students 
interviewed in regard to Realfagbygget. 
How many students that are in the classes of 
respondents have varied from year to year, 
and also varies according to the different 
subjects each student take. The subjects are 
more obligatory in the first years, while the-
re are greater opportunities to select subjects 
freely and also select a specialization gradu-
ally towards the last year. The classes ran-
ge from around 20 to 120 student, while the 
number of participants in various subjects 
range from about 15 and up to 150 and even 
more for some subjects. ”Some subjects 
have many participants, while other subjects 
have less demand and may be more specific 
so that there are fewer participants”, a stu-
dent told us. Subjects and lectures are held 
in different buildings across the campus, and 
it varies which subjects that are held at Real-
fagbygget. A student told us that; ”students 
and their representative classes often have 
a greater ownership feeling of the buildings 
that they use a lot and feel represented by”. 
All the students interviewed in regard to Re-
alfagbygget, feel that Realfagbygget gene-
rally is seen as a building they use for and 
in regard to their studies, but that it is not a 
building they mainly see as their main buil-
ding, which is a factor that varies based on 
study area.

4.1.5.2 Building use

The employee (respondent) is mainly using 
block D, but is also using block E and B. 
More specific the employee use meeting 
rooms, offices, supportive rooms like prin-
ter rooms and corridors to get from point 

a to b. The emplyee also use block A, but 
only the canteen, which is located there. ”I 
mostly use the areas where we have activity, 
which is mostly our wings, that is block D”, 
the employee told us and continue by telling 
that; ”I use block E and A less, and block B 
the least, where det library is”. The use of 
the different areas varies and the employee 
find it difficult to specify in greater detail as 
this is not something the respondent is thin-
king about in the daily work life.

The students use Realfagbygget as one of 
several buildings during a regular day. Au-
ditoriums and teaching rooms are mostly 
used in regard to lectures. Group rooms, the 
canteen and the cafeteria is used in regard 
to project or group work, or just when there 
is free time between lectures, to eat or ot-
her activies. The library and reading rooms 
are mostly used when the students study by 
them selves, or in small groups of two or 
three students. During the students years at 
Realfagbygget, there has been used various 
building area of different type and function. 
The students mainly use the different rooms 
in the first, second, third, and forth floor, and 
the first and second basement floor. In these 
floors the blocks used vary, but block A, B 
and C is the most common especially for the 
first and second floor, and the first and second 
basement floor. Block D and E is also men-
tioned. The building areas that are used the 
least is where faculties and institutes, among 
other, are located. Laboratories are also rarly 
used by the students who were interviewed 
in connection with Realfagbygget. ”I have 
been much in the first floor, and in the floor 
below the first floor, but not that much up fr-
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om the first floor. Often I tend to just go 
through the building”, a student told us.

4.1.5.3 Usage pattern

For the employee, the use of the building is 
mostly based on a daily agenda, the degree 
of meeting intensity and tasks to be perfor-
med. The specific and permanent office is 
where the employee is mainly stationed and 
uses the building with the office as a hub in 
between usage of the other building areas. 
The usage pattern varies, but as a general 
standard, the employee enter the building 
from the first basement floor and take the 
elevator up to the first floor, and move to-
wards the office where the employee is lo-
cated. The light and the computer is turned 
on, and there is done adjustments in regard 
to temperature if necessary, either through 
opening a windows or through a radiator. 
”Sometimes I only enter my office to place 
my coat and go to a meeting right away”, the 
employee told us. In general, the employee 
has not a standard user pattern, but rather a 
user pattern which varies according to the 
agenda, tasks and meeting frequency of each 
day specifically. The fixed factors in regard 
to usage pattern is when the employee arri-
ve at work, what building areas that are used 
the most, when the employee eat lunch and 
when the respondent goes home from work 
- to some degree.

The students arrive at campus with diffe-
rent means - one walk, one takes the bus 
and one use either a car or a bike. It is the 
main entrance or the entrance between the 
chemestry buildings which are mostly used. 

After the students have entered the building, 
they usually move to agreed locations, whet-
her it is lectures in auditoriums or teaching 
rooms, or meetings in group rooms with 
other students. Sometimes they go to find 
a place alone to study, like a reading room 
or the library, which often is dependent on 
available seats. Mostly they go to specific 
locations that are agreed between students 
to meet up before an activity - this might be 
common areas, the canteen, the cafeteria or 
other rooms. The group move from there to 
a room or location based on what is on the 
schedule. This also include leaving the buil-
ding to go to an other building at campus. 
”I usually goes to Realfagbygget to take le-
ctures, use group rooms or reading rooms, 
or to have lunch or dinner in the canteen, 
but this is not something I think about in da-
ily life”, a student told us. An other student 
said that; ”I would say that my user pattern 
varies from year to year. There are different 
reasons why I am at Realfagbygget. There 
has been used different rooms, there are dif-
ferent lectures, and there is always different 
things on the agenda. Some weeks the buil-
ding is used often, while other weeks we are 
almost not there - so it has been quite vari-
able”. A student described the user pattern 
like this; ”I think we usually move and use 
the building as groups of different sizes - it is 
rare that I am at school without being with 
someone there. What we do vary of course”.

4.1.5.4 Impact on energy use

The employee focus on the daily tasks and 
responsibilities and use the building, equip-
ment and devices as needed. There is too bad 
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sorting of garbage, too much printing and pa-
per usage, and too much use of windows and 
radiators. ”I am one of many, I am a user of 
the building and have a job in the building, 
my presence will certantly affect the energy 
use, but how much I alone affect the ener-
gy use is difficult to say”, the employee told 
us. The employee use different rooms, but 
think that it is easiest to look at the impact 
on energy use through the office where the 
employee is stationed. There the employee 
use a computer, which is on during the work 
day. The light is also on during the work day 
and is turned of when the employee goes 
home. The lights go off automatically at 
night. The employee may affect the indoor 
climate through the use of a window and a 
radiator. ”If it is hot I open the windows, it is 
it cold I turn on the radiator - I am not aware 
or thinking about how that affect the energy 
use during a work day”, the employee told 
us. The employee is more aware about the 
energy use at home, mostly because at home 
it is the employee who is responsible and is 
the one to pay the energy bill.

The students interviewed is not very reflec-
ted on what they do to affect or impact the 
energy use at Realfagbygget. One student 
think that it is limited and varying what one 
student do to influence the energy use. A stu-
dent put it like this; ”No, I do not have many 
thoughts about that. This is not something I 
think about at all in fact. I am more aware of 
what is happening in relation to me, than in 
terms of what I do and how I affect the ener-
gy use. One example is that paper has been 
replaced with fans to dry hands on the toi-
let - something I find annoying”. A common 

thought for the students is that they are in 
the building to study and learn and not to 
think about how they affect or impact on the 
energy use in their everyday lives. A student 
think that they have an impact on the ener-
gy use through being in the building and by 
using different rooms and support functions 
for their needs as students, for example, to 
turn on or off the light. The students have 
generally no specific suggestions as to how 
they can control the indoor climate. The stu-
dents is more concerned about the energy 
use at home, where they have to pay, atleast 
a part of it. ”When I walk out of a room at 
home, I am more concerned about turning 
off the light or heat, or to close the windows 
because it goes out of my pocket. I am not 
thinking like that at school”, a student told 
us. An other put it like this; ”I am probably 
more aware of the energy use at home, when 
I have to play for it. I find it hard to say what 
I, one of thousands of users can accomplish 
in terms of energy use. At home we are just 
two people, which makes it much easier to 
have a good focus on managing the energy 
use”.

4.1.5.5 Energy use and saving

The employee think that it is been little focus 
and that it still is little focus on energy use 
and saving. There has been a greater focus 
lately, after it was created an energy effici-
ency project that a fellow employee is par-
ticipating in, but it is not a big visible focus 
beyong that, no competition or pressure to-
wards energy saving. The employee describe 
that there is a bad link between the manage-
ment, operation and the users. ”I think there 
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is a need for a more public disclosure of  
energy use and costs, and it is also important 
to know a little more about the operation and
what the user can do”, the employee told us. 
The employee think that if the users do not 
see the impact of what they do, then how and 
why should the users change their behavior. 
”We are not motivated and do not know dire-
ctly what we are doing right and what we are 
doing wrong”, the employee told us. There is 
also mentioned that the various parties in the 
building is doing their thing and that there is 
poor communcation between each of them. 
Visibility, communication and follow-up is 
the three main measures being mentioned by 
the employee.

The students do not feel any focus on ener-
gy use or saving. They feel that it is gene-
rally little focus on this matter and believe 
that this translate to most of the users of the 
building. ”There is no visibility - this could 
probably be because the students are at the 
building to study and not to have a major 
focus on energy usage. There is a greater 
focus to ensure that we feel good, that we 
are satisfied and that we are happy with our 
place of study”, a student told us. To point 
attention to energy saving there is mentioned 
a combination of factores from the students. 
One student told us; ”I think it is a combina-
tion of visibility in regard to what we can do 
and a facilitation towards us so that we can 
reduce our impact”. Communication is an 
other factor with examples to put up posters 
or sheets which provides information and 
tips for energy use and saving. ”It is cer-
tainly several everyday things that we can 
do, but that is not focused on as a student. It 

is easier to remember such things at home, 
so I think it is important to be reminded of 
thing we can do at school”, a student told us. 
One student suggest campaigns to highlight 
various measures and what the different me-
asures contributes with. Other measures to 
to affect and reduce energy use is to install 
more sensors and automation in the building. 
”People want to save the environment, but 
in a hectic life, this is not a priority. I think 
this is the same for energy use and saving, 
people forget it through the noise of other 
priorities”, a student told us and also reflect 
on that the building is so large with so many 
users that need to change their behavior and 
focus to affect energy use and saving.

4.1.5.6 Gap

After understanding the meaning of gap, the 
employee think that it is a combination of 
different factors that result in a gap between 
expected and actual energy use. From a HSE 
perspective the employee know that Real-
fagbygget has alot of old fume hoods which 
is not energy saving all. The old fume hoods 
are installed in relation to different labo-
ratories. The employee think that there must 
be several factors like the fume hoods that 
could be improved through different measu-
res, and that the use in relation to computers 
and lights play a small part in regard to the 
installations that support the building and 
the users. The number of users and the ope-
ration is also mentioned to play a part in re-
gard to the gap. ”We do not know if there is a 
gap or whether the gap is good or bad”, the 
employee told us.
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The students see the gap between the expe-
cted and actual energy use as a combination 
of the building and the users using it. The 
building is described as big and diverse, with 
many different users. One student point to 
the extensive use of glass, and other refer to 
the location of the building and the varied 
weather. Another student reflected about the 
calculation, location, the communcation and 
the visibility; ”it has probably something to 
do with how it is calculated, the location of 
the building, lack of communcation and visi-
bility of what we as users can do”. There is 
also talk about the user pattern, which is one 
of the questions we asked in the interview, 
but that it mainly is the building that is the 
factor for the gap; ”this is a building with 
many different users with different patterns 
as you called it, that may have some impact, 
but I think the building itself is the main 
factor in regard to this gap, and that my con-
tribution do not have much to do with it”.

4.1.5.7 Evaluation of the building

The employee feel that the building is gene-
rally a good building. The offices could be 
better, and is described as too long and nar-
row which makes it hard to break them up so 
that more than one user may use it at a time. 
The indoor climate is perceived as poor in-
side the meeting rooms, and sometimes insi-
de the office. Other than that the employee 
feel that the needs and expectations are meet 
good enough. An improvement mentioned is 
the that some laboratories is located within 
the office areas and corridors. They should 
be moved from the employees HSE perspe-
ctive. There has been implemented some im-

provements to make the users happier, such 
as inserting windows that may be opened.  
”We have learned to live with the building as 
it is, have adapted to it, and generally spea-
king we have it very good here”, the employ-
ee told us.

The students describe Realfagbygget as a 
very convenient building, open with good 
lighting and a nice modern look. The buil-
ding is percieved as maintained and tidy, 
with plenty of space and fine details inside 
the building. The building is also described 
as easy to orientate oneself in, even though 
it is large. The quality of the various rooms 
is defined as high. One student feel that it 
may be a little hot towards the summer, and 
a little cold in the winter, especially in some 
auditoriums and reading rooms. One student 
feel that not all the reading rooms works as 
they should and that some auditoriums beco-
mes very dense and have bad air after a whi-
le. The needs and expectations are generally 
mentioned as good, with a few exceptions 
presented above. ”Since I am at the building 
to think and study, I find the indoor air qu-
ality and temperature important. I feel that 
the quality varies in some rooms”, a student 
told us. Improvement areas mentioned are in 
relation to the factors above, slightly better 
balance in the indoor climate in some audi-
toriums, reading rooms and group rooms. 
One student also feel that there should be 
more smaller group rooms, since they often 
are occupied, and that it feels inefficient to 
go around in the building to look for rooms 
if you have not booked a room in advance.
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4.2 Case - Miljøbygget

4.2.1 Benefits and risks

Compared to Realfagbygget, Miljøbygget 
do not have the same amount of benefits and 
risks associated with the selection as a case 
in our case study. Miljøbygget is a relative-
ly new building, over four years old, which 
means that it is built according to newer and 
stricter regulations (TEK 07) and standards, 
especially considering that it is built as a 
low-energy building. At the same time, the 
building has not been operated for a long 
periode of time, and may still be characte-
rized by a break-in periode in this regard. It 
was to some degree harder to find willing re-
spondents and harder to find the time for the 
interviews to be conducted. The result was 
fewer respondents compared to Realfagbyg-
get. This may be considered as a risk. There 
are more detailed documentation available 
about Miljøbygget, which we consider a be-
nefit. The energy use is reported weekly to 
Entro, which made it easier to get hold of 
and manage the data. We have received ener-
gy figures back to 2011, and have also the 
estimates of the expected energy use from 
the design phase. The management, operati-
on personell and most of the users have been 
with the building since it was constructed 
and ready for use. All in all, some benefits 
and some risks, but not at the same level as 
for Realfagbygget as a selected case.

4.2.2 Presentation

4.2.2.1 General description

Miljøbygget, also refered to as KLP-byg-
get, is described as; ”Norway’s most energy 
efficient office building upon completion” 
(our translation) (Veidekke 2014). The buil-
ding was completed in november 2009 and 
is one of Enova’s reference buildings (the 
project was supported with funding from 
Enova). KLP Eiendom (the construction cli-
ent) wanted a flexible and moderne office 
building which had a major focus on energy 
efficiency (Norske arkitekters landsforbund 
2013). As a result the building project was 
developed with a central focus on energy so-
lutions from the design phase and until the 
completion - a continuous focus on energy 
from all parties (Norske arkitekters landsfor-
bund 2013, Veidekke 2009, Veidekke 2014). 
There has also been a focus on low environ-
mental impact through the construction pha-
se (Norske arkitekters landsforbund 2013).

Miljøbygget is a medium-sized office buil-
ding with a total of six floors. The building 
consists of 16 400 m2 (GFA) and approxi-
mately 13 100 m2 rental area and 3 300 m2  
UFA of technical rooms, storage and un-
derground parking (Veidekke 2014). The 
building area mainly consists of rental area 
with associated common areas (Norske arki-
tekters landsforbund 2013). There is mainly 
open landscape offices and cellular offices. 
There are also associated meeting rooms of 
different sizes. The common areas (located 
on the first floor) is a semi-climatised atri-
um, meeting rooms, a canteen and a partial 
red sphere shaped auditorium for 54 persons 
(Veidekke 2014).

There has been a focus on flexibility in re-
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gard to the utilization of the premises with 
high ceilings, environmentally correct mate-
rials and lots of air and light. This is reflected 
in the rental areas with three different widths 
of the office wings to open up for the needs 
of the individual tenant (Norske arkitekters 
landsforbund 2013). Miljøbygget has a eas-
tern and western block that are connected  
with bridges on the different floors through 
a glass atrium - a main common area (Vei-
dekke 2014). The main common area inside 
Miljøbygget consists of a green and glass 
roofed square area (the atrium), which rises 
to the south and is characterized by three ter-
raced waterfalls with communcation bridges 

and hanging gardens. The atrium function as 
a open-access common area with the with 
the impression of a lush and green lounge. 
The red sqhere is constructed partly insi-
de and partly outside, identify the building 
and marks the main entrance, which opens 
out into Elgeseter (a street in Trondheim) 
through a glass facade. The technical rooms 
is located in the basement and on the roof 
(Norske arkitekters landsforbund 2013). The 
atrium is shown in picture 5 below with the 
bridges and the rising to the south. The red 
sqhere is shown in picture 6 on the next page.
The atrium with the canteen in the backgro-
und is shown in picture 7 on the next page.

Picture 5 - The atrium with the bridges (Photo: Daniel R. Hansen).
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Picture 6 - The red sqhere from the inside (Photo: Daniel R. Hansen).

Picture 7 - The atrium with the canteen in the background (Photo: Daniel R. Hansen).
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Figure 23 - Miljøbygget (FINN kart 
2014).

4.2.2.2 Address

The address of Miljøbygget is Professor 
Brochs gate 2, 7030 Trondheim.

4.2.2.3 Localization

Miljøbygget is correctly located in Nor- 
way, Sør-Trøndelag, Trondheim, Dalsen-
get/Elgester, Professor Brochs gate 2, 7030 
Trondheim. Figure 21, 22 below and 23 in 
the next column shows the location and ori-
entation - north is up.

Figure 21 - Trondheim (FINN kart 2014).

Figure 22 - Dalsenget/Elgester (FINN 
kart 2014).

4.2.2.4 Floor plans

Figure 24 on the next page show the floor 
plan for the first floor at Miljøbygget - with 
different colors and names for the different 
building blocks which is commonly used at 
Miljøbygget in regard to the description and  
according the respondents. The atrium is in 
between and partly inside the eastern block. 
We have added additional floor plans for Re-
alfagbygget in the appendix. The floor plans 
support the descriptions about the building 
aswell as the interviews to get a better over-
view and understanding of the case study.
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Figure 24 - Edited floor plan of the first floor at Miljøbygget (Norske arkitekters lands-
forbund 2013).

N
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4.2.2.5 Project costs

Total project costs was approximately 235 
000 000 NOK (Norske arkitekters landsfor-
bund 2013) which gives 14 329 NOK per m2 
GFA.

4.2.2.6 Building technical

Miljøbygget has three different net widths of 
13, 16 and 17 meters. The building structu-
re has U-values according to TEK 07 (Vei-
dekke 2014) and consists mainly of a place 
molded concrete constrcution, which is tre-
ated and require little maintenance (Norske 
arkitekters landsforbund 2013). Miljøbyg-
get is oriented with the main facades facing 
east and west, where there is high windows 
to optimize daylight conditions. The facade 
solutions has been established to achieve 
low infiltration and thermal bridge values 
to keep the extent to a minimum. There is 
an active use of glass in the atrium aswell 
as thermal mass. An area efficient floor 
plan with semi-climatised atrium work as 
the communication hub. The building has 
few elevators and stairs. Lighting, daylight, 
ventilation, heating and cooling is demand 
controlled. There is also sequence control of 
heating and cooling, while the offices regu-
lates ventilation and lighting with presence 
sensors. There is CO2 sensors installed in the 
auditorium to controll the ventilation there. 
Miljøbygget has a balanced ventilation with 
heat recovery of 80 percent efficiency. Exte-
rior sun shading devices is automatic and in-
stalled on all facades facing the sun (Norske 
arkitekters landsforbund 2013).

To achieve an energy efficient building the-
re has been installed, constructed and esta-
blished use of heat recovery through heat 
pumps, natural ventilation, super-insulating 
glass, demand controll of heat, ventilation 
and low energy lighting with daylight con-
trol. The concrete surfaces has free cooling 
and there is utilization of the condenser 
heat from servers and computers. There is 
exposure of concrete in the ceilings. To con-
tinuously measure and control the building 
optimally, there is initiated a comprehensive 
monitoring program with 60 energy moni-
toring devices (Veidekke 2014). There has 
been implemented passive house measures 
to reduce heating and cooling demands. Dis-
trict heating is established with a waterborne 
heat through radiators and ventilation units. 
The heat pumps (air to water) work as a 
cooling unit during the summer. The thermal 
mass of concrete surfaces and floors open 
for a utilization of passive solar energy, whi-
le the need for cooling is reduced. The heavy 
constructions of the building are exposed to 
achieve best possible thermal inertia. There 
is also facilitated for a low energy loss in the 
entrance zones of the building. There has 
been separate control procedures to ensure 
the quality of the building. Miljøbygget has 
outdoor and indoor bike parking (Norske ar-
kitekters landsforbund 2013).

Based on testing (full-scale leakage testing 
of facades) and estimations, Miljøbygget 
should be able to have a net energy demand 
of 110 kWh/m2/year and a delivered energy 
demand of 83 kWh/m2/year - about half of 
the requirements in TEK 07 (Veidekke 2009, 
Veidekke 2014). Total net energy use is esti-
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mated to 114 kWh/m2/year based on venti-
lation and heating of rooms (8,6 kWh/m2/
year), domestic hot water heating (5,0 kWh/
m2/year), cooling (8,2 kWh/m2/year) ther-
mal batteries (11,9 kWh/m2/year), lighting 
(25,1 kWh/m2/year), pumps and fans (20,7 
kWh/m2/year) and technical equipment 
(34,5 kWh/m2/year). Annual energy needs 
purchased are estimated to 94 kWh/m2/year 
(Norske arkitekters landsforbund 2013). 
Miljøbygget has a BMS and EMS among ot-
her systems to control and monitor the buil-
ding, according to a respondent.

4.2.2.7 User technical

Miljøbygget has different users in different 
organizations, who are tenants of the buil-
ding. Each organization has its own rented 
area. The users have different needs in re-
gard to what their organization do and their 
position in the organization. Generally each 
user or employee has an office space with 
equipment such a computer. Various chairs, 
tables and other furniture is placed in the 
different rooms of the building for the dif-
ferent users, tenants and the function of the 
rooms. Power outlets is available in most 
rooms to support the use of a laptop or other 
devices. There is mostly an office landscape 
where the lighting and climate is automated 
with a slight possibility to affect the indo-
or climate through a control device placed 
on the wall. This is mostly the same for the 
meeting rooms. It is not possible to open the 
windows. There is elevators and stairs in the 
building. There are common areas open for 
the users, a canteen, an auditorium, wardro-
bes, meeting rooms and parking in the base-

ment. All this is based on the respondents.

There has been established information 
and training for the users of the building to 
support and achieve the aim of energy use 
(Norske arkitekters landsforbund 2013).

4.2.2.8 Owner

Miljøbygget is owned by KLP Eiendom, 
which also acted as the construction client of 
the project, according to a respondent. KLP 
Eiendom is one of the largest facilities ma-
nagers in Norway (KLP Eiendom 2014a).

4.2.2.9 FM organization

KLP Eiendom is the FM organization that 
manage and operate the building, according 
to a respondent. The buildings in Trondheim 
is managed by a subsidiary called KLP Eien-
dom Trondheim (KLP Eiendom 2014b).

4.2.2.10 Users

As described before, Miljøbygget has many 
different users. The tenants is the organizati-
ons who rent area in Miljøbygget. These or-
ganizations has employees, which is users of 
the building. The tenants (organizations) of 
the building is Enova SF, Sweco Norge AS, 
Sedicon AS, IBM AS, Bitreactive, DEFA 
AS, Metier, Norsk Helsenett SF, DNV GL, 
CopyCat, Kompan Norge AS, Helsedirek-
toratet and Phonero. KLP Eiendom has em-
ployees working at the building to ensure 
operation and maintenance, these may also 
be described as users. The same goes for the 
canteen personell. There are also external 
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service providers who come to the building 
for repairs on technical installations among 
others. The end user at Miljøbygget are 
mainly the organizations and their employ-
ees. All this is based on the respondents. We 
do not have the exact numbers of users, this 
vary in regard to how much area that is ren-
ted out, and how big the tenants (organizati-
ons) are, according to the respondents.

4.2.3 Energy use, gap and label

4.2.3.1 Expected energy use

The expected and estimated energy use from 
the design phase was presented in section 
4.2.2.6. Through our interviews, we found 

out that expected energy use for Miljøbyg-
get for each year is calculated based on the 
energy use for the last year with the use of 
temperature correction. We will use the 
same calculation method. Findings from the 
interviews are presented later in this chapter.
We have acquired energy figures back to 
2011, and will calculate the expected energy 
use from 2011 to 2014. Table 8 below show 
expected energy use for each year. In figure 
25 below is a graph showing the develop- 
ment in the expected energy use from 2011 
to 2013. The numbers used are based on the 
total energy use figures provided by Entro. 
The expected energy use in 2011 is be based 
on the delivered energy demand of 83 kWh/
m2/year.

Table 8 - Expected energy use for Miljøbygget.

Figure 25 - Expected energy use for Miljøbygget.
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4.2.3.2 Actual energy use

The actual energy use at Miljøbygget is data 
measured with energy monitoring devices 
attached to the technical installations and 
gathered with a EMS through the BMS and 
reported to Entro, according to a respondent. 
Table 9 below show the actual energy use 
for each month and year. Table 10 show the 

proportion of electricity use for Miljøbyg-
get. Figure 26 below show a graph for each 
year and the energy use per month. In figure 
27 on the next page is a graph showing the 
development in the actual energy use from 
2011 to 2013. The numbers used are based 
on total energy use figures provided by En-
tro.

Table 9 - Actual energy use for Miljøbygget.

Figure 26 - Actual energy use for Miljøbygget per month.

Table 10 - Proportion of electricity use for Miljøbygget.
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4.2.3.3 Gap

By comparing the calculations for expected 
and actual energy use it is possible to cal-

culate the gap. Table 11 below show the gap 
between expected and actual energy use. Fi-
gure 28 below show graphs for the expected 
and actual energy use - illustrating the gap.

Figure 27 - Actual energy use for Miljøbygget.

Table 11 - Gap between expected and actual energy use for Miljøbygget.

Table 28 - Expected and actual energy use for Miljøbygget.
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4.2.3.4 Energy label

Miljøbygget has gotten energy label B with a 
light green color, according to a respondent.

4.2.4 Interviews of facilities mana-
gers

In this section, the data and findings from 
the interviews of the facilities managers at 
Miljøbygget are presented. The section is 
structured based on the interview guide with 
the theory and literature chapter in mind. We 
start with the respondents (anonymously) 
to present their management profile, then 
go into the organization, management and 
tasks, calculation and measurement of ener-
gy use. Finally, we present their evaluation 
of the building. The citations is translated 
from norwegian to english by us with a focus 
to render as correctly as possible.

4.2.4.1 Respondents

We have interviewed two facilities managers 
of Miljøbygget. The interviews were condu-
cted between the 24th of April and 2nd of 
May. Of the two respondents, one is a pro-
perty manager and one is a operating techn-
ician.

The property manager is an employee of 
KLP Eiendom and is not stationed at Miljø-
bygget. A general day varies between marke-
ting, rent management, tenant contracts and 
negotiations - with administrative tasks and 
meeting in regard to this. The property ma-
nager has a bachelor’s degree in economics 
and administration. The propery manager 

has been a facilities manager of Miljøbygget 
since it was completed in 2009, while being 
a part of the process of planning and decisi-
on since 2007 in regard to the building. The 
respondent has had the position of property 
manager since 2001 and have been working 
in the business area of facilities management 
since 1994.

The operating technician is an employee of 
KLP Eiendom and is stationed at Miljøbyg-
get. A general day varies between different 
tasks to operate and maintain the building 
with smaller tasks such as changing lamps 
included. The operating technician is a certi-
fied tinsmith, but have had the current posi-
tion and been a operator of the building since 
it opened in 2009. Before this, the respon-
dent worked as a certified tinsmith.

4.2.4.2 Organization

KLP Eiendom is the organization that mana-
ge and operate Miljøbygget - split between a 
technical department and a management de-
partment. The technical department has the 
main responsibility to manage and operate, 
while the management department has the 
responsiblity in regard to the tenants, con-
tracts and negotiations. A respondent said 
it like this; ”the management department 
’own’ the tenants, while the technical de-
partment ’own’ the building”. The organi-
zational structure has a management on top, 
which includes a daily manager, a proper-
ty manager, a technical manager, a finance 
manager and a project manager. There are 
four departments below the management, a 
management department (four employees), 
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a finance department (three employees), a 
technical department (eight employees) and 
a project department (two employees). It is 
the operating technician who has the main 
responsiblity for the daily operation of Mil-
jøbygget, while the management department 
has the responsibilities in regard to tenant 
management and contracts as stated before. 
The finance department is responsible for 
the economical aspects, while the project de-
partment has the responsibility of buildings, 
rebuilding and other project tasks. There is 
also a degree of outsourcing of services.

4.2.4.3 Management and tasks

The responsibilities and tasks are different 
between the two respondents interviewed. 
The operating technician is stationed at the 
building, while the property manager is sta-
tioned at KLP Eiendom’s premises. For the 
respondent stationed at the building, the task 
is mainly to ensure daily operations with ad-
ditional maintaining and supporting tasks. 
The respondent told us that; ”my tasks can 
generally be seen as predictable and un-
predictable tasks”. The predictable tasks is 
mainly to ensure the operation of the buil-
ding through BMS, control and monitoring 
systems, and tasks which is planned before 
hand. The unpredictable tasks is not plan-
ned, but rather tasks that are detected by mo-
nitoring the building or conditions that are 
reported. The unpredictable tasks could be 
leakage, temperature deviations, the need for 
garbage disposal, changing fluorescent tu-
bes. The users of the building can contact the 
respondent stationed at the building through 
mail or phone. For this reasons the respon-

dent told us that; ”My work day varies great-
ly, espesially in relation to the unpredictable 
tasks”.

The respondent stationed at KLP Eiendom’s 
premises, the responsibilties and tasks is all 
about customer and tenant responsibilities, 
contrating and marketing. More specific to 
define and write offers, negotiate contracts, 
have customer contact and support, find so-
lutions, suggest measures and improvements 
and participate in project developments.

Their vision is; ”The best partner for the 
time to come” a respondent told us. To en-
sure their vision, it has been set a series of 
goals. They shall keep updated management 
plans and have a balanced goal management 
in regard to clean, clear, safe and secure fa-
cilities. To do this, it is important that each 
employee has their own custom action plan 
each year. They want an average occupan-
cy rate of minimu 97 percent and an actu-
al customer satisfaction rate of 68 percent. 
They perform client (tenant) surveys every 
second year, and have annual customer visits 
during each year. I was clear that the proper-
ty manager had a much better overview of 
the organization and objectives.

The building is managed and operated in 
accordance to KLP Eiendoms routines, 
which is defined in their quality system ba-
sed on ISO 9001 and ISO 1401. The respon-
dents feel that the building is managed and 
operated as intended. Energy use is a factor 
that is a bit higher than expected in regard to 
the calculations and estimations for the buil-
ding. A respondent told us that; ”it seems li-
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ke it’s rare that energy calculations done be-
fore the building is finished, corresponds to 
the actual energy use”. The respondents feel 
that Miljøbygget is managed and operated 
proffessional with a focus on a continuous 
monitoring and follow-up on waste sepa-
ration, energy use and saving. They have a 
good follow-up on the building’s tenants and 
try their best to ensure a good environment 
for all the buildings users. ”We try to make 
it as optimal as possible based on the as-
sumptions that we have”, a respondent told 
us. The building is demand controlled and 
works like this; when a user enter an office 
area, there is a light sensor than detects acti-
vity, and the light is turned on, this sensor 
communicate with the ventilation, and the 
ventilation is turned on which increase the 
airflow, then the temperature is measured 
and if it is too cold, radiators is turned on if 
needed. The tenant mix is also an important 
and dependent factor in regard to the buil-
ding. The tenant mix, the composition of the 
different tenants, may vary during the year, 
which impact how they manage and operate 
the building, especially in regard to energy 
use and saving.  The tenant mix is monitored 
to ensure optimal operation. ”We have dai-
ly monitoring of the building which ensures 
that we can keep track, but to optimize the 
building, we have to educate the tenants to 
the best of our ability”, a respondent told us.

4.2.4.4 Calculation of energy use

To calculate the expected energy use there 
is not developed any energy use budgets for 
management and use, but the facilities ma-
nagement of Miljøbygget use historical figu-

res, the energy use from the last year, as an 
indication of the expected energy use. ”We 
use the last years energy use as indications 
for expected energy use, we may need to 
make some adjustments if there is a major 
tenant who will move in or out during that 
year, but mostly we use the last years figures 
and have nothing else to relate to”, a respon-
dent told us. Temperature correction is per-
formed. The respondents is very clear on that 
calculations based on standardized figures is 
not realistic, and stesses that it is imporant 
to use real indications for the expected ener-
gy use since this is related to costs, which 
is important to the customers (tenants). The 
deviation between expected energy use and 
actual energy use may surprise the tenants if 
it is much more then estimated. ”We have to 
relate to, or try to hit the actual energy use 
as close as possible, to do this, we must use 
the real numbers for the building, we have no 
other options”, a respondent told us. The re-
spondents also told us that they try set ener-
gy goals in regard to reduced energy use, but 
this is not a part of the expected energy use 
calculations. It is the technical department 
who carry out the calculations for expected 
energy for each year. There was calculations 
for expected energy use performed in the de-
sign phase, with a follow up when the buil-
ding was constructed and measured.

4.2.4.5 Measurement of energy use

To monitor and measure the energy use at 
Miljøbygget, there is installed between 60 
and 80 energy monitoring devices in the buil-
ding. The informations and data is commun-
cated to BMS and EMS and reported to the 
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electric power plant and to Entro. Each mon-
day they go over the last weeks monitoring 
results, while the results are collected on an 
hourly basis. ”We have measures and moni-
toring for each ventilation system, each light 
board in each floor and for the heat pumps 
and so on - everything is measured”, a re-
spondent told us. A respondent said that they 
are always ready to tune the technical instal-
lations and devices, if there is a leakage or 
some type variations. ”We try to find and fix 
a problem as quickly as possible, if we see 
variations”, a respondent told us. To achieve 
this, they are very dependent on good mo-
nitoring and control systems in the building 
such as a BMS, EOS and a shading device 
system. Both the respondens feel that it is a 
paradox in regard to having a optimal and 
energy efficient building. They work hard to 
ensure that the building is optimal, while not 
getting so much back, except for satisfied 
tenants. ”It is the tenants who benefit from 
us working hard to save energy, but atleast 
it gives us an edge in the market”, a respon-
dent told us. The respondents express that it 
is a preference to be in an energy efficient 
and optimized building, but that it is con-
structed more and more low-energy building 
now that before.

The actual energy use has been higher than 
what was expected before the building was 
contructed, and there has been a balance bet-
ween a positive and negative development 
from what is expected. The respondents 
think that the development should be getting 
more positiv in the years to come. There is 
a gap between expected and actual energy 
use, and the respondents feel that it is hard 

to get it to correspond. There are several 
reasons for this, they spend more time than 
expected to fill the building with tenants in 
the beginning, and since the building is de-
mand controlled, they had to heat areas that 
where not rented out because some users 
experienced a indoor climate they where not 
satisfied with. This is because the ventilation 
system in the building run across the faca-
des and not on each floors. Since the buil-
ding is based on automated demand controll 
the system register that there is not people 
in an area and set minimum values for the 
indoor climate in that area, which at some 
point effect the temperature in other areas. 
It takes time to find the optimal tuning and 
operation of the building, which is an impor-
tant factor for Miljøbygget in regard to the 
respondents. The tenants and the tenant mix 
is also an important factor for the energy use 
- since each user are different and to some 
degree have different equipment needed for 
their jobs. Some users have one computer, 
while other may have several, and up to six 
computer screens. The respondents say that 
they encourage people to save, but the users 
need energy to carry out their tasks and jobs. 
They communicate the energy statistics for 
the building, so that the users may see the re-
sults and their effect and impact on the ener-
gy use. The outdoor temperature is also an 
important factor, both in regard to how much 
heating or cooling that is needed, but also in 
regard to the expectations and needs of each 
users. Even though the building is robust 
with building measures to ensure a low ener-
gy use, need for heating and cooling, some 
users expect a certain indoor climate, even 
though it is really cold outside, and they do 
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not dress accordingly, which they might do 
at home, a respondent suggests. ”Yes, well, 
when it’s minus 20 degrees outside, and 
some people go to work lightly dressed, but 
you are not lighty dressed at home in these 
conditions. At work you demand more and 
we can not heat to 24 or 25 degrees for pe-
ople to go lightly dressed during winter”, a 
respondent told us. This result to complains 
in some cases, which is best handled to fol-
low-up and hear the one filing the complaint 
out, according to a respondent.

4.2.4.6 Evaluation

The respondents feel that Miljøbygget is a 
smart and responsive building, which has 
been easier to manage and operate over time. 
It takes time to tune the technical installati-
ons and devices, while at the at same time 
have to deal with different users and a vary-
ing tenant mix. The support from the moni-
toring devices and system makes it easier to 
have a control over the building. The respon-
dents feel that they do a good job as facili-
ties managers for Miljøbygget, experiences 
help them to performe better, both in regard 
to the building and their users. The feedback 
from the respondent suggests that they are 
generally satisfied with KLP Eiendom as a 
facilities manager. A respondent think that 
the ventilation should be based per floor and 
not across the floors as it is now, to adapt to 
different tenants and users. Now they have 
to find a balance between the users of the 
building. 

There has been some challenges in regard 
to minor leakage of water from the roof. A 

major challenge in regard to a demand con-
trolled building is component failure, which 
impact the whole building. Miljøbygget had 
a component failure in the damper actua-
tors, while the building was in operation. 
This failure was not showed on their moni-
toring systems, but was found after several 
complaints in regard to the ventilation. This 
happened between 2010 and 2011, and re-
sulted in air of different temperature moving 
randomly in the building. To fix this the sup-
plier had to remove 600 damper actuators, 
while the building was in use. The users was 
generally so tired of the unbalanced indoor 
environment that they took the reparing peri-
ode okay, although it was a lot of disturbing 
noise at times.

To ensure energy efficiency through mana-
gement and use the respondents feel that it is 
important to work towards an optimal tuning 
of the building, monitoring the building and 
reviewing energy usage to identify areas for 
improvement, both related to the manage-
ment, operation and possibly the users. The 
respondents stress that it is not always easy 
to influence the users, since they are paying 
customers. The repondents tell us that they 
have a cooperation with Entro, which they 
report their energy use to. There are constant 
efforts to monitor and save energy - which 
is an imporant aspect of this building. ”We 
are looking for opportunities to do things 
differently to save energy all the time”, a re-
spondent told us. An example presented is 
to shut down the heating and cooling pump 
on the roof, since there is a periode now that 
they neither require supplemental heating or 
cooling in regard to the outdoor temperatu-
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re, untill there is a need for cooling. This is 
possible because of the heat recovery units 
in the building. ”This may save us a lot of 
money, because of the large systems that are 
costly to have active and operate”, a respon-
dent told us.

4.2.5 Interviews of users

In this section, the data and findings from 
the interviews of the users at Miljøbygget 
are presented. The section is structured ba-
sed on the interview guide with the theory 
and literature chapter in mind. We start with 
the respondents (anonymously) to present 
their user profile, then go into their user be-
havior through building use, usage pattern, 
impact and influence of energy use, thoughts 
and focus in regard to energy use and saving, 
the gap between expected and actual energy 
use. Finally, we present their evaluation of 
the building. The citations is translated from 
norwegian to english by us with a focus to 
render as correctly as possible.

4.2.5.1 Respondents

We have interviewed three users of Miljø-
bygget. The interviews were conducted on 
the 2nd of May. All the three respondents is 
employees.

The respondents are emloyees at Enova, 
one employee is a senior advisor, while the 
two others are associates. Their main tasks 
is to work with applications and application 
processing in regard to energy efficiency of 
buildings. One respondent is often out of the 
office to be in dialogue with parties in the 

construction and real estate industry and also 
to initiate projects. The employees is educa-
ted within engineering on a bachelor’s or 
master’s level, while the senior advisor also 
have a economic degree. Enova has been a 
tentant at Miljøbygget since it was opened 
in 2009, and is primarily located on the third 
floor in the eastern block. They have an open 
landscape office solution with a primary lo-
cation. Enova has around 65 employees in 
the building.

4.2.5.2 Building use

The respondents use the rented area on the 
third floor in the eastern block. They use their 
primary office location in the open landsca-
pe, different meeting rooms, the canteen and 
the parking in the basement. The common 
areas such are the corridors or the atrium is 
used as a communcation area when moving 
in the building. It is mainly the rented office 
area that is used, primarily their location at 
a desk, but also meeting rooms. The canteen 
is the least used area, which they only visit 
once a day, or some times they eat else whe-
re.

4.2.5.3 Usage pattern

The usage of the building varies a little for 
each respondent based on their agenda. 
They are primarily in the office landscape, 
while one respondent has a higher meeting 
intensity then the others. Two of the respon-
dents are generally at the building five times 
a week, while one respondent is at the buil-
ding four times a week as an average. They 
enter the building either through the baseme-
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nt parking or through the main or back en-
trance. From there they take the elevator 
up to the third floor, or in some cases use 
the stairs. From there they enter a reception 
area, find their primary office location and 
go to a meeting if that is on the agenda. ”The 
usage pattern is that I am mostly in the office
areas, but I also use the canteen, but typical-
ly only once a week because we have a lunch 
arrangement on wednesdays, otherwise I am 
up here, or out”, a respondent told us. The 
respondents also use a social zone to mingle 
or eat lunch. ”Yes, you can say that there is 
often meetings, the meetings are generally 
held in our office premisses, so I either sit 
at the office space or in a meeting room, we 
have corridors and also a social zone that 
we use up here”, a respondent told us. Usage 
pattern is not something that is thought of in 
the daily life by the respondents.

4.2.5.4 Impact on energy use

Most of the building is automated based a 
demand control, both light and indoor cli-
mate. The office landscape might be an im-
portant factor in regard to the automated 
demand control, one respondent suggests; 
”since we have open office solutions, we do 
not have an individual effect on the energy 
use in practice”. The respondent indicates 
that the impact on energy use is related to 
users being in the building since the building 
react in regard to this. Tuning and optimiza-
tion of the installations and systems in the 
building is important because of this. There 
are essentially no way to control lighting and 
indoor climate except for a small device that 
one can press plus and minus on. ”It has litt-

le impact to try and adjust the indoor clima-
te because of the open landscape solution.
Let’s say I press minus to turn the tempera-
ture down, an other user might press pluss to 
turn it up again, so you do not have that gre-
at impact individually”, a respondent told 
us. At the same time, a respondent indicate 
that trying to adjust the indoor climate up 
and down by serveral users, will result in an 
unpredictable rise and lowering of heat and 
cooling which may impact the energy use at 
some level instead of a steady temperature 
based on the automated demand control. All 
of the employee has a computer that are used 
during a working day.

All respondent indicate that they have gre-
ater control of energy use at home than at 
work. ”At home you see that cost and usage 
of energy, and you have to pay for it your 
self”, a respondent told us. At Miljøbygget, 
the respondents do not really think about the 
energy use, one reason is the automation as-
pect of the building, and other is that it is not 
their responsibility to pay for it individual-
ly, but rather the organization they work for. 
All the respondents tell us that they are good 
at measures to reduce energy use at home, 
lights are turned off, the temperature is at a 
reasonable level and so on. At work the re-
spondents do not really think about this, for 
one, because of the automated system, and 
also because they have their jobs and tasks 
to carry out, which have a priority. If the 
respondents have to work after hours, it is 
possible to turn on a time function, to turn 
on lights in just one area of the rented office 
space, at the same time, the lights will turn 
on where the user are, so that will not have a 
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big impact according to them. Rather being 
in the building and moving around will cau-
se an impact on energy use, according to one 
respondent.

4.2.5.5 Energy use and saving

All respondents say that there is a big fo-
cus on energy use and saving in their orga-
nization, mostly because this is what they 
do, working in regard to energy efficiency 
of buildings. Enova has been in dialog with 
KLP Eiendom under the development and 
construction of Miljøbygget, to bring up so-
lutions and to ensure that it is energy effici-
ent. The respondents say that they are aware 
users and tenants in regard to energy saving 
and use both in regard to the choice of buil-
ding and in regard focus on energy use and 
saving.

To point attention to energy use and saving 
the respondents have many interesting sug-
gestions. One is that it is imporant to show 
that it is profitable to have a focus on energy 
use and saving, both in regard to the buil-
ding, operation and use. They also say that 
it is imporant communicate and show how 
energy saving may be carried out, which me-
asures that needs to be implemented, what 
the energy use is at and what potential there 
might be in regard to energy saving measu-
res. Campaigns are something that Enova 
promote, energy labling is an other aspect. 
”It is important to emphasize that ener-
gy efficient buildings and measures are a 
smart choice, we see that there is demand 
for energy efficient buildings, and that they 
are appreciated”, a respondent told us. One 

respondent suggests that energy efficiency 
solutions is a quality that needs to be pro-
moted. Another respondent said that it are 
potentials and barriers related to energy use 
and savings, especially a barrier associated 
with the owning and renting relationship; 
”It is often difficult to get a owner of a buil-
ding to invest in energy efficiency because 
it is the tenant who pays for the energy that 
profit from it”. An other aspect is that energy 
saving is not something that a regular user 
do at a daily basis. This result in a lack of 
priority and follow-up. The use of media is 
a method that makes people aware, espe-
cially in relation to energy prices. ”Higher 
energy prices often lead to a reduced energy 
use, but this do not always translate to the 
working environment”, a respondent told us. 
This is also related to how important it is for 
each person, according to a respondent. 

The respondents also indicate that automa-
tion of buildings will help to reduce energy 
use. A respondent said that; ”It is important 
to reduce the impact that user behavior has 
on energy use”. An other factor presented by 
the respondents is that buildings needs to be 
constructed robust, and that errors and weak-
nesses in the construction or technical instal-
lations are addressed. Passive house soluti-
ons is a step in the right direction, since this 
reduce the need for heating and cooling to 
a certain extent, according to a respondent. 
Training of users will probably also have a 
good effect as long as it is followed up.

4.2.5.6 Gap

The respondents automatically think of the
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gap between expected and actual energy use 
as the gap between what is expected based 
on the design phase and what the building 
actually use of energy. In the start phase of a 
building, the system is not trimmed or tuned, 
and it may take a long time before the te-
chnical system is optimized for use. ”It takes 
typically two or three years before the buil-
ding is trimmed properly”, a respondent told 
us. An other aspect presented by the respon-
dets is that the calculated energy demand is 
done in regard to a standard that is based on 
somewhat perfect operation of the building. 
This is something that do not translate to re-
ality since people are not perfect and make 
mistakes, according to a respondent. ”Some 
buildings manage to perform as expected, 
while other do not”, a respondent told us. 
Buildings are not always constructed as in-
tended, building engineering and constructi-
on is not always perfect, which may have an 
impact on the gap, a respondent indicate. In 
regard to Miljøbygget, all areas was not ren-
ted out to begin with, and since it has been 
more and more users and tenants, it is harder 
to compare expected and actual energy use 
from year to year, according to a repsondent.

4.2.5.7 Evaluation of the building

All the respondents describe Miljøbygget as 
a nice building with good office areas with 
an exiting use of materials. Generally they 
like the building well, there have been some 
cases of poor temperature, but over all there 
is a good indoor climate that all the respon-
dents are happy with.  The respondents like 
that it is an open landscape, which bring a so-
cial aspect to the work place, and also make 

it easier to communicate. The respondents 
feel that the office area is pleasantly furnis-
hed and that their needs and expectations are 
met. There was a periode which the ventila-
tion did not work well, which followed by a 
periode of repairs and noise, which was dis-
turbing, but the respondent looked forward 
to return to a stable indoor climate. One re-
spondent feel that the sun shading can be im-
proved, there are several instances where the 
sun shading goes down, even though there is 
no sun on the facade facing south.
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Chapter 5
Analysis and comparison - the analysis of the master’s thesis
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5.0 Analysis and comparison

This chapter contains the analysis of this 
master’s thesis. In this chapter we link the 
theory and literature from chapter 2 to the 
case study, interviews and findings in chap-
ter 4 and present and analyze the different 
aspects presented. This analysis is intendent 
to attempt to answer the research questions 
and thesis question, and is the basis for the 
conclusion. The chapter is structured based 
on chapter two and four with the research 
questions and thesis question in mind. We 
start the analysis with a short and concise 
comparison of Realfagbyget and Miljøbyg-
get as two existing non-domestic buildings, 
then analyse building types and require-
ments. Next, we analyse expected and actual 
energy use - methods and factors. Further, 
we analyse the management and use of exis-
ting non-domestic buildings, then energy ef-
ficiency through possible barriers and appro-
aches. Finally, we analyse the gap between 
expected and actual energy use. We will use 
references to specific sections in the previo-
us chapters.

5.1 Existing non-domestic buil-
dings

The case study of this master’s thesis con-
sists of a study of two non-domestic buil-
dings - Realfagbygget (4.1) og Miljøbygget 
(4.2). These are two different buildings, es-
pecially in terms of the scope, size, stucture, 
functions, building technical aspects, acti-
vity, management, operation and use.

Realfagbygget is a building that primarily 

supports education and research as part of 
a university (4.1.2), while Miljøbygget is a 
building that supports various business as-
pects of several organizations through rented 
office space (4.2.2).

Realfagbygget has been in use for 14 years, 
consists of 62 605 m2 GFA (4.1.2.1) and is 
most likely built in regard to the require-
ments of TEK 97 based on the start of the 
construction of the building without this 
being confirmed in the documentation or 
through the respondents (2.2.2, 4.1.2.6). 
Miljøbygget is a newer building compared 
to Realfagbygget and has been in use for 
over four years. Miljøbygget consists of 16 
400 m2 GFA (4.2.2.1) and is built in regard to 
the requirements of TEK 07 (4.2.2.6). There 
is a big difference in size of the two buil-
dings, Realfagbygget is 46 205 m2 GFA lar-
ger, which is almost four (3,8) times as large 
as Miljøbygget. This also represents a signi-
ficant difference in relation to the extent of 
technical installations and systems necessa-
ry to operate the buildings (4.1.2.6, 4.2.2.6). 
This will be factors which will contribute in 
a big difference in energy demand and usage 
in regard to the two buildings. The numbers 
of users will also play a role, as the Real-
fagbygget has a significantly greater activity 
than Miljøbygget. Realfagbygget has appro-
ximately 3 200 users daily (4.1.2.10), while 
the Miljøbygget is not close to this user acti-
vity, without us having received any details 
of a specific number of users at Miljøbygget 
(4.2.2.10).

The size of the buildings is also expressed 
through the project costs where the diffe-
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rence is the whole of 1 075 600 000 NOK 
(4.1.2.5, 4.2.2.5), with Realfagbygget as the 
most expensive. This represents a difference 
of 6 605 NOK per m2 GFA (4.1.2.5, 4.2.2.5), 
where Miljøbygget is the most cost effective 
per square meter. Realfagbygget is owned 
by the property management department at 
NTNU, while Miljøbygget is owned by KLP 
Eiendom.

Realfagbygget and Miljøbygget is loca-
ted relatively close to each other (4.1.2.3, 
4.2.2.3) with a walking distance of about 
five minutes between them. This indicates 
that the two buildings have the same climate 
and outdoor temperature.

Both of the buildings are characterized by 
an extensive use of place molded concrete 
and the use of glass (4.1.2.6, 4.2.2.6), each 
with its own architectural expression and 
specific use of various materials and details 
to support it (4.1.2.1, 4.2.2.1). The energy 
commodities which is mainly used for both 
buildings is electricity and district heating 
(4.1.2.6, 4.1.3.2, 4.2.2.6). Although, Real-
fagbygget has a wider scope of technical 
installations (4.1.2.6), Miljøbygget is more 
modern, especially when it comes to opera-
ting the building by the total use of demand 
controlled systems (4.2.2.6). This suggests 
that Miljøbygget is more automated and pos-
sibly more intelligent in regard to the the-
ory and literature (2.5.4). Both buildings are 
equipped with energy monitoring devices, 
BMS and EMS. We will get back to this later 
in the analysis.

The buildings have different rooms and are-

as, linked to the various functions in relation 
to the buildings. Realfagbygget consisting 
mostly of auditoriums, laboratories, class-
rooms and reading room (4.1.2.1), while Mil-
jøbygget consists mostly of office space for 
rent (4.2.2.1). Both buildings have common 
areas, canteens and meetings rooms (4.1.2.1, 
4.2.2.1), while Miljøbygget also have an au-
ditorium and Realfagbygget has lots of of-
fices, this can be seen as common features.

Both Realfagbygget and Miljøbygget is des-
cribed as being good and nice buildings by 
the users interviewed (4.1.5.7, 4.2.5.7). Re-
alfagbygget recieves positive mention in re-
lation to the modern expression, as well as 
the open, convenient and bright premises. 
Some of the offices could have better so-
lutions, while the activity at Realfagbygget 
often leads to occupied rooms (4.1.5.7). Mil-
jøbygget receives positive mention in rela-
tion to the exciting use of materials and the 
choice of open landscape solutions (4.2.5.7). 
Both buildings ensures that users are satis-
fied and have their needs met, although it 
is mentioned that there have been problems 
with poor air and temperature of different 
areas of the two buildings (4.1.2.1, 4.2.2.1). 
This indicate that the buildings have poten-
tial for improvement in terms of better adap-
tation towards the users.

5.1.1 Building types

In regard to the theory and literature it is 
described that there has been developed at 
standard called NS 3457-3:2013 to organize 
and classify buildings. Both Realfagbygget 
and Miljøbygget can be defined as a building 
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in regard to the standard (2.1). Based on this 
standard it is possible to classify the building 
type of Realfagbygget and Miljøbygget. The 
building’s function is the most important 
factor to classify a building. We will base the 
classification on the room functions accor-
ding to the zone part of the classification 
system (2.1). Realfagbygget’s main function 
is primarily education and research with ot-
her sub-functions related to this (4.1.2). Ba-
sed on this, Realfagbygget can be classified 
with main function 6 (educational, sporting 
and culture building) on the one-digit level 
(2.1).  We have not been able to get a specific 
overview of the area or room functions of 
the building, but there is mainly room area 
with education purposes at a university le-
vel. There is also offices, laboratories and 
other areas with research or other purposes 
(4.1.2). Based on this, Realfagbygget can be 
classified with building group 62 (university 
and college building) on the two-digit level 
(2.1). Further, Realfagbygget can be classi-
fied with building type 621 (building with 
integrated functions, auditoriums, reading 
rooms ect.) on a three-digit level (2.1).

Miljøbygget’s main function is primarily 
an office function with other sub-functions 
related to this (4.2.2). Based on this, Miljø-
bygget can be classified with main function 
3 (office and commercial building) on the 
one-digit level (2.1). We have not been able 
to get a specific overview of the area or room 
functions of the building, but there is main-
ly room area with office purposes. There is 
also other areas with other purposes (4.2.2). 
Based on this Miljøbygget can be classified 
with building group 31 (office building) on 

the two-digit level (2.1). Further, Miljøbyg-
get can be classified with building type 311 
(office building) on a three digit level (2.1).

Based on this we can define Realfagbygget 
as a university and college building with 
integrated functions and Miljøbygget as an 
office building. None of these two buildings 
have residental purposes and therefore fit the 
term of an non-domestic building presented 
in section 1.1, the first criteria in the syste-
matic selection method and the title to the 
master’s thesis.

5.1.2 Energy requirements

In regard to the theory and literature there 
has been released several technical building 
regulations in relation to the construction qu-
ality of buildings over the years - often cal-
led TEK with the year it was released after 
(2.2). A clear factor in these technical buil-
ding regulations is the increased focus and 
strictened requirements in regard to energy 
(2.2). Based on simulations, the net speci-
fic energy demand per TEK-level which is 
based on ideal conditions has been reduced 
from 271 kWh/m2 (TEK 49) to 136 kWh/m2 
(TEK 10) for office buildings and from 255 
kWh/m2 (TEK 49) to 144 kWh/m2 (TEK 10) 
for university and college buildings (2.2.2). 
Estimates for more real conditions of delive-
red energy per TEK-level also display a high 
reduction from TEK 49 to TEK 10 (2.2.2). 
The current requirements in TEK 10 for to-
tal net energy demand is 150 kWh/m2 heated 
UFA per year for office buildings and 160 
kWh/m2 heated UFA per year university and 
college buildings, which is far higher than 
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the total net energy demand for passive hou-
se or low energy buildings (2.2.1, 2.2.3). 

Even though the energy requirements has 
been reduced greatly to ensure more energy 
efficient buildings, there is still the possibi-
lity and risk that energy use in buildings is 
higher than expected - based on expected and 
actual values (2.2). New technical require-
ments is planned from 2015 and there is sug-
gested several stricter requirements towards 
a passive house level and improvements to 
ensure that buildings meet the requirements 
through simpler methods in regard to a cal-
culation and measurement aspect (2.2.4).

There are several possible reasons for why 
buildings do not meet the requirements. The 
theory and literature mention technical in-
stallations, lack of focus, poor management 
and operation, and unpredictable building 
and area development as some of the reasons 
(2.2) among others (2.4, 2.5, 2.6). These rea-
sons certainly constitutes some of the factors 
in regard to that energy requirements not al-
ways are met, along with the calculation of 
expected performance.

This may indicate that the focus in relation 
to the technical requirements are aimed to-
wards new buildings and does not follow the 
buildings development. Technical require-
ments can help to ensure the quality of new 
buildings - but how well does it translate 
to existing buildings of various ages, built 
according to older requirements? The rele-
vance of new technical requirements may 
be seen as important for new buildings, but 
existing buildings are not required to fulfill 

the new requirements. This indicates furth-
er that through stricter requirements we get 
more energy efficient buildings in the long 
term, but that existing buildings in general 
will be less energy efficient compared to 
new buildings, as long as they are not being 
renovated and reconstructed to fit the new 
requirements, which is often too expensive 
or not a priority (2.5.5).

It is clear that Miljøbygget is built with a 
better compatibility for energy efficiency 
than Realfagbygget - both in regard to newer 
requirements (based on the age of the buil-
dings) and focus in the design, construction 
and solutions (4.1.2, 4.2.2), even though th-
ere is an increased focus on Realfagbygget 
both in terms of technical developments, 
management and operation (4.1.4). Real-
fagbygget (university and college building) 
should have a specific delivered energy 
of 239 kWh/m2 based on age and TEK 97  
(4.1.2.1, 2.2.2), while Miljøbygget (office 
building) should have a specific delivered 
energy of 157 kWh/m2 based on TEK 07 
(4.2.2.6, 2.2.2). For these figures there is 
added conditions to provide a more realistic 
aspect (2.2.2). The difference between the-
se two figures for Realfagbygget and Miljø-
bygget is 82 kWh/m2, which is higher than 
the difference between the energy limits for 
total net specific energy demand which is 57 
kWh/m2  (2.2.2) based on TEK 97 for Real-
fagbygget and TEK 07 for Miljøbygget. It 
is also a factor that different building types 
have different figures in addition to the dif-
ference between the technical requirements 
(2.2.2). Miljøbygget is constructed to have 
even better performance then TEK 07 (2.2.2) 
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with a net energy demand of 110 kWh/m2 and 
a delivered energy of 83 kWh/m2 (4.2.2.6).

The theory and literature suggests that the 
development in energy use for non-domestic 
buildings will depend on future technical re-
gulations and if the buildings meet them in 
regard to the development of the buildings 
(2.2). It is important that the technical requi-
rements ensure the quality and energy effici-
ency of new buildings, but in this aspect it is 
also important to evaluate existing buildings 
in relation to the new technical requirements 
to further improve energy efficiency for exis-
ting buildings aswell. To what extent must 
necessarily be discussed in regard to pros 
and cons, and in regard to what is possible 
and realistic to implement. This will most 
likely lead to great challenges, great opposi-
tion and will be difficult to implement.

5.2 Expected energy use

Through the literature study conducted, we 
mapped methods used to calculate buildings 
energy performance (2.3.1), requirements 
(2.3.2) and label (2.3.3). We expected that 
the methods mapped not only were used in 
calculations for new buildings, but also in 
regard to existing buildings. Through the in-
terviews we learned that either the facilities 
managers at Realfagbygget (4.1.4.4), nor the 
facilities managers at Miljøbygget (4.2.4.4) 
used the methods presented in the theory 
and literature (2.3) to calculate the expec-
ted energy use, even though the methods to 
calculate energy performance are applicable 
for this task (2.3.1). The theory and littera-
ture also states that the calculations which 

is based on standarized figures not always 
translate to reality (2.3.1). Based on this, we 
have decided to categorized the calculation 
methods based on being an ideal or realis-
tic calculation method. The expected energy 
use for the two cases is analysed in a separa-
te sub-section.

5.2.1 Ideal calculation methods

The theory and literature present a standard 
called NS 3031:2007 for the calculation of 
energy performance (2.3.1). This standard is 
used for many purposes, to assess if a buil-
ding meet the requirements in the technical 
building regulations or in the passive house 
standard NS 3701:2012, to document theo-
retical energy requirements, and to calculate 
the energy demand, performance and use in 
new or existing buildings (2.3.1, 2.4.1). The 
standard is also used in the process to assess 
an energy label for buildings (2.3.3). The 
standard NS 3031:2007 depend on a range 
of other standards to carry out the different 
methods and calculations, which is selected 
based on various cases (2.3.1). There is both 
a theoretical energy demand and a actual 
energy demand, where the actual energy de-
mand most is accurate because of the use of 
less standarised figures and for being based 
on measures along with statistical figures 
(2.3.1). There are several calculations tools 
that are based on the standard NS 3031:2007. 
One common calculation tool or simulations 
tool for buildings is SIMIEN, while there is 
also used excel sheets (2.3.1). 

The weakness with these calculation met-
hods to determine energy demand and per-
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formance is the use of standardized input 
data (2.3.1), which often is based on ideal 
conditions, even measured values may be 
described as ideal. It might be possible to 
simulate both ideal and real energy conditi-
ons with standardized and measured values, 
the problem is to fit users into the ideal con-
ditions. The users do not always fit in the 
calculations, because the users are less pre-
dictable (2.6). For these reasons we will des-
cribe the standard NS 3031:2007 with rela-
ted methods and figures as ideal calculation 
methods. This analysis is also supported by 
a respondent interviewed implying that stan-
dardized figures are not realistic (4.2.4.4) 
This analysis will reflect futher on both the 
calculation of energy requirements and the 
energy labeling system which use the NS 
3031:2007 as a part of the assessment.

In regard to energy label, there has not been 
assessed one for Realfagbygget (4.1.3.4), 
but there has been assessed a energy label 
for Miljøbygget (4.2.3.4). Miljøbygget has 
received energy label B with a light green 
color (4.2.3.4). In regard to the theory and li-
terature this indicate that Miljøbygget should 
have lower than or equal of 115 kWh/m2 
energy delivered per m2 heated UFA and he-
ating rating with a proportion of 47,5 percent 
or lower of electricity and fossil fuel (2.3.3). 
This might translate to the description of the 
building (4.2.2.6), but how well it translate 
to the actual energy use is an is another mat-
ter.  We will get back to this in the analysis 
of actual energy use.

5.2.2 Realistic calculation methods

While the actual energy demand may be des-
crbibed as a buildings real energy demand 
and may grasp the reality to an extent (2.3.1), 
there is still a problem with users not fitting 
in to this calculation (2.6). To implement the 
users into the calculations of expected ener-
gy use to a further extent, we will related to 
the calculations models presented in the con-
ducted interviews at Realfagbygget (4.1.3.1, 
4.1.4.4) and Miljøbygget (4.2.3.1, 4.2.4.4).

In the calculation method for expected ener-
gy use presented for Realfagbygget (4.1.3.1, 
4.1.4.4), there is used historical (empirical) 
energy data which is the actual energy use 
for the previous years. The calculation met-
hod for expected energy use is calculated by 
taking the average of actual energy use of 
the three last years. Temperature correcti-
on is not performed. To use this calculation 
method to determine expected energy use is 
realistic because it is based on a average of 
actual use, based on the building, manage-
ment and operation and the users in it. Th-
ere are however strengths and weaknesses 
with this calculation method. The primary 
strength is that the figures used is based on 
actual and real conditions, while the use of 
average calculation takes several years into 
consideration and therefore can reduce the 
factors that impact or influence the energy 
use an unusual amount a specific year. A 
good example is the outdoor temperature 
which can be described as random. There are 
several factors that may impact, where the 
specific degree may be different from year to 
year (2.4.3). The weaknesses of this method 
is that there is not used temperature correcti-
on (2.4.3), which could have supported the
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method and comparison potential. An other 
weakness with this calculation method is the 
lack of improvement, improved energy effi-
ciency and development. These are factors 
that are directly not supported with this cal-
culation method. If an organization such as 
the operation department at Realfagbygget 
constantly develop to be a better facilities 
management organization (4.1.4.3, 4.1.4.6) 
and there is made building technical im-
provements, this should affect the expected 
energy use to some degree, but the develop-
ment and improvement factor is partly ne-
utralized by the use of average calculation 
in the method. Generally speaking, expected 
energy use will be based on what has happe-
ned before, but not what is happening now.

In the calculation method for expected ener-
gy use presented for Miljøbygget (4.2.3.1, 
4.2.4.4), there is also used historical (empi-
rical) energy data. The calculation method is 
very similar to the method used a Realfag-
bygget, but instead of using the average of 
the three last years, only the last year is used 
to calculate the expected energy use. Tempe-
rature correction is performed. This calcula-
tion has the same strength as Realfagbygget 
in regard to that the figures used is based on 
actual and real conditions. However without 
the use of average calculation, the expected 
energy use will just follow the last years 
actual energy use with a temperature corre-
ction and the potential of factors that may in-
fluence a specifically high amount one year 
may lead to wrong expectations. The de-
velopment and improvement aspect is also 
not taken into consideration for this calcula-
tion method, but the facilities management 

at Miljøbygget may adjust in regard to chan-
ges in the tenant mix (4.2.4.4, 4.2.4.3). There 
is also set energy goals at Miljøbygget, but 
this is not a part of the calculation of expec-
ted energy use (4.2.4.4), but would rather be 
expressed in the actual energy use. For both 
Realfagbygget and Miljøbygget it is the ope-
rators of the facilities managers that perform 
calculations of expected energy use (4.1.4.4, 
4.2.4.4). This is probably a positive factor, 
since it is them who monitor the building 
and follow the daily operations.

5.2.3 Expected energy use for the 
cases

Based on the calculation method for expec-
ted energy use for Realfagbygget, we have 
calculated the expected energy use from 
2006 to 2014 (4.1.3.1). The calculation 
methods presented in the theory and litera-
ture (2.3) is not used because we wanted to 
use the actual calculation method which is 
used by the facilities management at Real-
fagbygget, but display calculation methods 
which is used for several purposes in regard 
to non-domestic buildings in general. In the 
calculated expected energy use (4.1.3.1), we 
can see that the calculations vary from year 
to year both with a positive and negative 
development. The expected energy use had 
a positive development from 2008 to 2010, 
but took a negative turn from 2010 to 2013. 
From 2013 to 2014 there has been a high re-
duction in regard to the expected energy use. 
The expected energy use is a direct result of 
the previous actual energy use and the poten-
tial impact factors influencing it. The expe-
cted energy use varies in between the scope 
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of 16 068 252 kWh (lowest) and 17 129 138 
kWh (highest). The difference between is 1 
060 886 kWh. Based on the GFA of the buil-
ding (4.1.2.1), this results in a scope of the 
lowest and highest of 256,66 kWh/m2 and 
273,61 kWh/m2.

Based on the calculation method for expec-
ted energy use for Miljøbygget, we have cal-
culated the expected energy use from 2011 
to 2014 (4.2.3.1). As we described for Real-
fagbygget, we have not used the calculation 
method presented in the theory and literature 
(2.3) for the same reasons. In the calculated 
expected energy use (4.2.3.1), we can see 
that the calculations have had a negative de-
velopment from 2011 (which is based on the 
delivered energy demand (4.2.2.6, 4.2.3.1)) 
to 2013. The expected energy use from 2012 
to 2014 is based on the actual energy use as 
described (4.2.3.1). From 2013 to 2014 there 
has been a positive development. The expe-
cted energy use varies in between the scope 
of 1 361 200 kWh (lowest) and 1 866 000 
kWh (highest). The difference between is 
504 800 kWh. Based on the GFA of the buil-
ding (4.2.2.1), this results in a scope of the 
lowest and highest of 83 kWh/m2 and 113,78 
kWh/m2.

We can see that there are higher variations 
of the expected energy use for Realfagbyg-
get than for Miljøbygget, but this is not a 
good basis for comparison because of the 
different methods (4.1.3.1, 4.2.3.1), diffe-
rent buildings (4.1.2, 4.2.2), difference in 
age between the buildings (4.1.2.1, 4.2.2.1) 
and different management (4.1.4, 4.2.4) and 
use (4.1.5, 4.2.5). There is also a much better 

expected energy use per m2 for Miljøbygget 
than for Realfagbygget.

5.3 Actual energy use

The analysis of actual energy use is stru-
ctured in a sub-section for monitoring and 
measurement, where we analyse how moni-
toring and measurement of energy use may 
be performed according to the theory and 
literature (2.4) and how it is performed for 
Realfagbygget (4.1.4.5) and Miljøbygget 
(4.2.4.5). There is also a sub-section for pos-
sible impact factors based on the theory and 
literature (2.4.3) and possible impact factors 
in relation to Realfagbygget (4.1) and Miljø-
bygget (4.2). Finally, there is a sub-section 
where we analyse the actual energy use for 
the two cases (4.1.3.2, 4.2.3.2).

5.3.1 Monitoring and measurement

The theory and literature present seven main 
groups of energy commodities (2.4). Of 
these seven there are two commodities that 
are mainly used at both Realfagbygget and 
Miljøbygget, which is electricity and district 
heating (4.1.2, 4.2.2). The theory and litera-
ture describe electricity as the main energy 
carrier for university and college buildings 
and office buildings. This is also the case for 
Realfagbygget and Miljøbygget. Realfag-
bygget has a proportion of electricity betwe-
en 64,69 (2007) and 74,80 (2011) percent, 
based on the lowest and highest proportions 
(4.1.3.2). Miljøbygget has a proportion of 
electricity between 73,24 (2011) and 74,21 
(2012) percent, based on the lowest and hig-
hest proportions (4.2.3.2). Figure 5 (2.3) su-



Non-domestic building typologies - Master’s thesis in Real Estate and Facilities Management124

ggests that university and college buildings 
use more energy per m2 than office buildings, 
which translate to Realfagbygget and Miljø-
bygget as described in section 5.2.3 based on 
the expected calculations. Miljøbygget is at 
the same time more optimized towards ener-
gy efficiency which affect this further.

The theory and literature present a standard 
called NS-EN 15603 which may be used to 
assess and determine total energy use and 
performance. NS 3031:2007 may also be 
used to measure and verify energy use (2.4), 
or to calculate expected energy use based on 
measured values (2.4.1). Based on the inter-
views (4.1.4.5, 4.2.4.5) there is nothing sug-
gesting the use of these standards in regard 
to monitoring and measurement of energy 
use, but rather depend on installed techno-
logy and systems.

In regard to the theory and literature, me-
asurement of energy use require a BMS or 
separate monitoring devices. The monitor-
ing structure should reflect a proposed stru-
cture in NS 3031:2007 (2.4.1). We could not 
find out how the measurement structure of 
Realfagbygget (4.1.4.5) and Miljøbygget 
(4.2.4.5) specifically is to compare it with 
the proposed structure. Realfagbygget has 
installed between 400 and 500 energy mo-
nitoring devices which is installed on diffe-
rent units of the technical installations in the 
building (4.1.4.5), while Miljøbygget has in-
stalled between 60 and 80 energy monitoring 
devices divided by ventilation, lighting, heat 
pumps among others (4.2.4.5). The amount 
of energy monitoring devices suggest the 
difference of the extent of technical systems 

in the two buildings. The theory and literatu-
re highlights the importance in regard to that 
the energy monitoring devices can commu-
nicate data (2.4.1). Through the interviews 
for the two buildings (4.1.4.5, 4.2.4.5) it is 
said that all the energy monitoring devices 
can communicate data automatically, which 
suggest that they are up to date (2.4.1). Both 
Realfagbygget (4.1.4.5) and Miljøbygget 
(4.2.4.5) has both a BMS and EMS, which 
the theory and literature describe as an im-
portant tools to have on overview and con-
trol of the buildings and energy data  (2.4.1). 
Based on this, and the interviews (4.1.4.5, 
4.2.4.5) we can say that both Realfagbygget 
and Miljøbygget has the needed installations 
and systems to control, measure and monitor 
the buildings and energy use on a daily basis.
Both Realfagbygget (4.1.4.5) and Miljøbyg-
get (4.2.4.5) has a high focus on monitoring 
of the building to ensure energy efficiency.

5.3.2 Impact factors

There are several impact factors which af-
fect a non-domestic buildings energy use 
presented in the theory and literature.  These 
are factors that impact a building through its 
life cycle (2.4.2). A building will generally 
be affected by different factors before and 
after the building is completed and ready 
for use (2.4.2). Because we study existing 
non-domestic buildings in this master’s the-
sis, we will shortly summarize the impact 
factors which is relevant before the building 
is completed, and rather focus on the impact 
factors relevant for the management and use 
phase.
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The impact factors relevant before the buil-
ding is completed is based on the choices of 
localization, design, construction, solutions, 
installations and the performance of the con-
struction work, aswell as the current building 
technical requirements when the building is 
constructed (in regard to the age of the buil-
ding). This will lay the basis of a building, 
which will follow the building through its 
life. The energy efficiency and use will de-
pend on this (2.4.2).

After a building is completed, it is ready 
for use to fulfill its functions and intentions. 
The theory and literature describe faciliti-
es management as an important factor of a 
building and its energy efficiency (2.4.2). 
This is because the management, operation 
and maintenance of the building will affe-
ct how the building is handled, preserved 
and developed - and if this is done as op-
timal and correct as possible (2.4.2). There 
are several challenges related to this - both 
predictable and unpredictable. The facilities 
management depend on expertise, experien-
ce, focus, motivation and leadership, among 
other factors, to ensure good management, 
operation and maintenace of the various as-
pects of a building (2.4.2, 2.5.4). These qua-
lities of facilities management is not always 
at a satisfactory level (2.4.3, 2.5), making it 
unpredictable. The outdoor temperature is 
a rather unpredictable challenge, especially 
in a long term perspective, and is described 
as the most significant factor for the energy 
development in buildings in the theory and 
literature in regard to heating and cooling 
(2.4.2). An other challenge is the users of the 
building and their behavior (2.4.2). While a 

user individually sometimes can be partly 
predictable, the challenge is to manage se-
veral or many users. This is because they are 
different - both through their needs, actions, 
motivations, preferences and expectations, 
among other factors (2.6). The users is an 
impact factor for energy efficiency through 
the usage of buildings (2.3.2, 2.6). Energy 
costs is an other impact factor, basically be-
cause the focus on energy use relate to the 
cost (2.4.3).

Almost all of these impact factors where 
mentioned through the interviews conducted 
for Realfagbygget (4.1.4) and Miljøbygget 
(4.2.4). The importance of talented and fo-
cused people to plan and carry out work in 
relation to facilities management (4.1.4.5, 
4.1.4.5, 4.2.4.3, 4.2.4.5), issues in relation 
to the outdoor temperature (4.1.4.5, 4.2.4.5), 
challenges in regard to the users or tenants 
(4.1.4.5, 4.2.4.5), but also the importance of 
the building and its development (4.1.4.6, 
4.2.4.6) are mentioned. This indicate that the 
facilities management for both Realfagbyg-
get and Miljøbygget are aware of potential 
impact factors related to the energy effici-
ency, that there are similarities in their un-
derstanding, and that there are similarities 
towards the theory and literature.

5.3.3 Actual energy use for the ca-
ses

Actual energy use for Realfagbygget is me-
asured by energy monitoring devices and 
communicated to a BMS and gethered in a 
EMS (4.1.3.2). Figure 18 display clear vari-
ations for each month and year in regard to
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actual energy use (4.1.3.2), but the general 
curves for each year indicate that there is 
higher energy use in the first and fourth qu-
arter, while there is lower energy use in the 
second and third quarter. This can be explai-
ned by the outdoor temperature, since the 
energy use develope in regard it (2.4.2). It 
is generally colder in the first and the fourth 
quarter than the second and third. This can 
also be explained by lower activity during 
summer, because of summer vacation, es-
pesially for students who generally attend 
from August to June. Figure 19 show that 
the actual energy use was rather stable from 
2003 to 2007, followed by a drop of lower 
energy use in 2008 (4.1.3.2). From 2008 to 
2010 there is a high increase in actual ener-
gy use (4.1.3.2). In figure 7, we can see that 
there was a large negative temperature devi-
ation from the average annual temperature, 
suggesting that it was a cold year (2.4.2), 
which again can explain the increased actu-
al energy use. From 2011 to 2013 the actual 
energy development is more stable (4.1.3.2). 
The lowest actual energy use was in 2008, 
where the actual energy use was 15 324 010 
kWh (4.1.3.2). The highest actual energy 
use was in 2010, where the actual energy use 
was 18 853 015  kWh (4.1.3.2). Based on the 
GFA for Realfagbygget (4.1.2.1), this result 
in a actual energy use of 244,77 kWh/m2 for 
the lowest (2008) and a actual energy use of 
301,14 kWh/m2 for the highest (2010). Ba-
sed on the UFA for Realfagbygget (4.1.2.1), 
this result in a actual energy use of 383,10 
kWh/m2 for the lowest (2008) and a actual 
energy use of 471,32 kWh/m2 for the highest 
(2010). This is high compared to the estima-
tes presented in the theory and literature for 

TEK 97 for university and college buildings 
(2.2.2). The actual energy use per m2 GFA 
can however relate to the value for univer-
sity and college building, presented in figure 
5 (2.4). The calculations are not based on the 
same conditions. Respondents describe the 
actual energy use as varying and relate this 
to the (increasing) user activity, lack of focus 
and priority, lack of expertise and experien-
ce in the management, operation and main-
tenance, the outdoor temperature, different 
rooms such as laboratories, technical instal-
lations, but also improvements of the buil-
ding (4.1.4.5). 

Actual energy use for Miljøbygget is me-
asured by energy monitoring devices and 
communicated to a BMS and gethered in a 
EMS and then reported to Entro (4.2.3.2). 
Figure 26 display some variations for each 
month and year in regard to actual energy 
use (4.2.3.2), although the actual energy 
use for 2012 and 2013 is relatively similar 
until september. From september the actual 
energy use for 2013 is lower then both 2011 
and 2012 (4.2.3.2), and is at the same level 
as the actual energy use in the second and 
third quarter, which is inconsistent with the 
assumptions described for Realfagbygget, 
about the forth quarter. Generally, the actual 
energy use for Miljøbygget (4.2.3.2) show 
that there is higher energy use in the first 
and fourth quarter, which is similar to Re-
alfagbygget. This support the assumptions 
about the impact of the outdoor temperatu-
re explained for Realfagbygget. Figure 27 
show an increased actual energy from 2011 
to 2012, with a decrease from 2012 to 2013 
(4.2.3.2). The lowest actual energy use was 
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in 2011, where the actual energy use was 1 
591 000 kWh (4.2.3.2). The highest actual 
energy use was in 2012, where the actual 
energy use was 1 866 000  kWh (4.2.3.2). 
Based on the GFA for Miljøbygget (4.2.2.1), 
this result in a actual energy use of 97,01 
kWh/m2 for the lowest (2011) and a actual 
energy use of 113,78 kWh/m2 for the highest 
(2012). This is rather good results compared 
to the simulations and estimates presented 
in the theory and literature for TEK 07 and 
for TEK 10, and also for the simulations for 
low-energy buildings (2.2.2). The actual 
energy use per m2 GFA is also much better 
than the value for office buildings, presen-
ted in figure 5 (2.4). All the calculations are 
not based on the same conditions. Based on 
the actual energy use and proportion of ele-
ctricity (4.2.3.2), we can assume that Mil-
jøbygget fit energy label B with light green 
color (2.3.3), since energy delivered per m2 
heated UFA is lower than the calculation 
based on GFA, which was used to calcula-
te actual energy use per m2 for Miljøbygget 
on the previous page. Since Miljøbygget use 
electricty and domestic heating as the main 
energy commodities (4.2.2), and based on 
the proportion of electricity use for Miljø-
bygget (4.2.3.2), which is based the total ele-
ctricity use and not just the electricity used 
for heating we can also assume that the light 
green color is correct. Respondents describe 
the actual energy use as higher than expected 
and relate this to a break-in periode to get the 
optimal tuning, the varying tenant mix, buil-
ding technical limitations, the outdoor tem-
perature, and the users with different needs 
and expectations (4.2.4.5).

The actual energy use is varying each year 
for the two buildings, and there are menti-
oned different factors impacting the actual 
energy use for Realfagbygget and Miljøbyg-
get. How each factor specifically impact it is 
harder to imply, especially in relation to the 
management and use.

5.4 Management and use

Facilities management is described as a 
growing discipline that shall support the pri-
mary activities of organizations by integra-
ting processes and services in the theory and 
literature (2.5.1). Users - the different people 
using the buildings is described as a difficult 
and imporant aspect in regard to buildings 
because of the varying user behavior of each 
individual user (2.6). The analysis of ma-
nagement and use is split between facilities 
management and building use and behavior, 
where we analyse the findings from Realfag-
bygget and Miljøbygget in regard to the the-
ory and literature.

5.4.1 Facilities management

The facilities management at Realfagbyg-
get is split between a property management 
department and a operation department 
(4.1.4.2). The property management depart-
ment and the operation department is the 
provider of the facilities services to support 
the primary activities at Realfagbygget and 
NTNU in regard to figure 8 (2.5.1). NTNU 
is the client, the tenants (the departments, se-
ctions and faculties) are the customers and 
the end user is mainly students, staff and em-
ployees in regard to the same figure (2.5.1, 
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4.1.2.10). The property management de-
partment can be described as a strategic and 
tactical department (4.1.4.2, 2.5.1), even 
though they are described as too operatio-
nal according to a respondent (4.1.4.3). The 
operation department can be described as ta-
ctical and operational, but is also involved 
in the strategic processes. The facilities ma-
nagement is mainly a totalt internal service 
provider, with exception of some external 
outsourced services (2.5.1, 4.1.4.2, 4.1.4.3). 
The facilities management organization at 
Realfagbygget and NTNU fit the localised 
site model described in the theory and lite-
rature (2.5.2, 4.1.4.2), where the headquar-
ter is located on campus Gløshaugen close 
to Realfagbygget (4.1.4.2). The degree of 
decentralization may be assessed as low 
(2.5.2, 4.1.4.2). The facilities management 
as a whole may be considered as a major 
FM organization that is well organized and 
structured with various responsibilities and 
functions of the various areas and buildings 
of NTNU (4.1.4.2, 4.1.4.3). The three faci-
lities managers interviewed has different 
positions and act on different levels, where 
the operation chief act on a strategic to tacti-
al level, the operation manager on a tactical 
and operational level and the site manager 
mainly operate on a operational level (2.5.1, 
4.1.4.3). Based on this it is clear that they 
have a slightly different understanding of 
the organization and overview of manage-
ment, operation and maintenance in regard 
to their position, responsibilities and tasks 
(4.1.4.2, 4.1.4.3). The goals and objectives 
are most clear on a strategic to tactical le-
vel, and reflected upon less at the operatio-
nal level based on the respondents (4.1.4.3). 

The facilities management at Realfagbygget 
and NTNU is described as continuously im-
proved and developed to become as good 
as possible (4.1.4.3, 4.1.4.6) - towards best 
practice (4.1.4.3, 2.5.3). There are imple-
mented several objectives and measures to 
ensure this. Examples of this is to strengthen 
and develop the employees and the work-
place, implementing best practices and cle-
ar plans, get a better understanding of how 
the primary activities may be supported, 
as well as having a focus on energy saving 
and understanding of it (4.1.4.3). The theory 
and literature describe benchmarking as an 
important activity to achieve best practice 
(2.5.3). This is used and implemented in the 
facilities management at Realfagbygget and 
NTNU to support their development and 
improvement (4.1.4.3). The benchmarking 
has helped to find challenges and areas for 
improvement, such as poor overview of the 
various buildings, poor overview of which 
tasks are performed, and lack of communi-
cation (4.1.4.3).

The facilities management at Miljøbygget is 
generally split between a technical depart-
ment and a management department of KLP 
Eiendom (4.2.4.2). The technical department 
and the management department is the pro-
vider of the facilities services to support the 
primary activities at Miljøbygget in regard to 
figure 8 (2.5.1). KLP Eiendom may be con-
sidered as the client that owns the building, 
while the tenants (the organizations that rent 
office area) are the customers and the end 
user is mainly the organization’s employees 
in regard to the same figure (2.5.1, 4.2.2.10). 
The technical department can be described 
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as a strategic, tactical and operational depe-
ratment (4.2.4.2, 2.5.1). The management 
department can be described as mainly stra-
tegic and tactical (2.5.1, 4.2.4.2, 4.2.4.3). 
There is described a degree of outsourcing 
(4.2.4.2). The facilities management orga-
nization at Miljøbygget fit the localised site 
model described in the theory and literatu-
re (2.5.2, 4.1.4.2), where the headquarter 
is not located at Miljøbygget, but there are 
facilities managers stationed there (4.2.4.2, 
4.2.4.3). The degree of decentralization may 
be assessed as higher compared to Realfag-
bygget (2.5.2, 4.2.4.2, 4.2.4.3). The faciliti-
es management based in Trondheim may be 
considered as a middle sized FM organizati-
on with a rather flat structured where the or-
ganization is based on various responsibiliti-
es and tasks in regard to different buildings 
(4.2.2.9, 4.2.4.1, 4.2.4.2, 4.2.4.3). The to 
facilities managers interviewed has different 
positions and act on different levels, where 
the property manager act on a strategic to 
tactical level and the operating technician 
act on a primarily operational level (2.5.1, 
4.2.4.3). As for Realfagbygget, there is a 
different understanding and overview of the 
management, operation and maintenance in 
regard to their position, responsibilities and 
tasks (4.2.4.2, 4.2.4.3). The goals and obje-
ctives are most clear on a strategic to tactical 
level, and reflected upon less at the operatio-
nal level based on the respondents (4.2.4.3).
The facilities management at Miljøbygget is 
also making efforts to improve and be a good 
FM organization, through updated plans and 
goals both for the organization, but also for 
the individual employees, with a high focus 
on monitoring and measurement in regard 

to Miljøbygget and at the same time try to 
provide the best premises for the tenants and 
users (4.2.4.3). They also use support from 
Entro to keep an overview of the energy use 
(4.2.4.5), which may be considered as smart 
in regard to the intentions of the building 
(4.2.2.1).

5.4.2 Building use and behavior

In regard to the theory and literature, users 
(people) are unpredictable because of the 
their behavior which is described as one 
of the most complex processes in regard to 
buildings, energy use and efficiency (2.6). It 
is hard to predict how users will act and use a 
building, and how their choices, preferences, 
needs and reasons play in regard to this (2.6). 
Each user may have different behavior and 
therefore different user patterns, which also 
lead to different behavior in regard to energy 
use and efficiency (2.6). An important factor 
presented in the theory and literature is that 
users have different responsibilities in re-
gard to a non-domestic building than in their 
own home, especially in regard to a financial 
responsibility (2.6). This can be one factor 
which lead to higher energy use, since they 
do not have the same responsibility for their 
own use of energy. At the same time, there is 
a challenge that even though users want to 
support and focus on energy efficiency, they 
are not aware of how they may contribute 
(2.6). To reduce the impact of users and their 
behavior, there is suggested that automated 
solutions and technology may be important, 
but that this depend on the users acceptance 
and knowledge in regard to this (2.6). This 
indicate the technology is not a solution in it
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self, but depend on the users aswell (2.6). 
Better area management is also a mentioned 
measure (2.6), but it may be discussed that 
this also will depend on the users like with 
the technology.

In regard to the findings based on the inter-
views of users at Realfagbygget, we can see 
that there are different users - both through 
their position at Realfagbygget and NTNU 
(4.1.5.1), but also in regard to their building 
use and localization (4.1.5.1, 4.1.5.2). It is 
clear that the building use depend on the 
users agenda, schedule and plans. In regard 
to the students, this varies even greater based 
on each year and the subjects they are taking 
(4.1.5.2, 4.1.5.3). These factors translate to 
the user pattern and it is clear that the users 
have different user patterns (4.1.5.3), which 
support the theory and literature (2.6). A re-
spondent suggest that students move and use 
the building as a group (4.1.5.3), which we 
think is an exciting finding, since students 
often go to lectures, and meet before they do 
something, but users also use the building 
individually (4.1.5.3). Based on all the re-
spondents, it is clear that energy saving and 
efficiency is not a priority or focus in their 
daily use of Realfagbygget. This may trans-
late to a low awareness in regard to energy 
use and efficiency, which the findings also 
suggest (4.1.5.4, 4.1.5.5). This can be related 
to poor communication, information, visibi-
lity, motivation, follow-up and lack of mea-
sures - towards the users (4.1.5.5).

In regard to the findings based on the intervi-
ews of users at Miljøbygget, we can see that 
there are different users (4.2.5.1), but not 

as different as the users at Realfagbygget. 
The reason for this might be that they have 
similar location and similar tasks to some 
degree (4.2.5.1). The building use (4.2.5.2) 
is also more concise compared to Realfag-
bygget. The reason for this might be a smal-
ler building which limit the building use to 
some degree, aswell as they are employees 
of the same tenant of Miljøbygget (4.2.5.1, 
4.2.5.2). The building use is however related 
to daily rutines, plans, schedule and agen-
da based on their position which translate 
to their usage pattern (4.2.5.1, 4.2.5.3). The 
usage pattern is not that different, but is not 
someting the users think about in their daily 
life (4.2.5.3). Through the users position and 
organization, they have a higher awareness 
and understaning about energy use and ef-
ficiency (4.2.5.4, 4.2.5.5), but the findings 
suggest that they use the automatic demand 
control and the open landscape office as an 
excuse, since they feel that they do not have 
a big impact on the energy use because of it, 
and prioritize their jobs and tasks (4.2.5.4). 
A respondent think the impact is related to 
users being in the building, rather than what 
they do (4.2.5.4), which again relate to the 
automated demand control. In regard to the 
theory and literature, it may be assumed that 
the users feel that the building and techno-
logy reduce their impact on energy use (2.6), 
but it is still influenced by the user in some 
form (4.2.5.3). There is also indication to-
wards that they have a higher focus on ener-
gy use at home (4.2.5.4). A higher awareness 
of energy efficiency and use is also indicated 
through their suggestions of measures and 
attention towards energy saving and energy 
efficiency (4.2.5.5). We have however no 
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evidence that these factors translate to other 
users of the building, and it may be assumed 
that there is lower awareness in other orga-
nization.

5.5 Energy efficiency

The theory and literature present that it is 
increased attention towards energy effici-
ency in a large perspective. An example of 
this is stringent regulations (2.5.4). There 
is a focus on smarter and more intelligent 
buildings with more complex and energy 
consuming technology to support the users. 
Buildings should last long, and there is an 
increased focus on a lifecycle perspective 
and the buildings adaptability (2.5.4). There 
is a potential in regard to existing buildings, 
while it is easier to achieve energy efficiency 
in newer building in regard to the theory and 
literature (2.5.5). Based on this we can as-
sume that there is a high focus on buildings, 
technology and solutions, but how well does 
energy efficiency translate to management 
and use of buildings? The theory and litera-
ture suggest that energy efficiency is more 
than a challenge in regard to buildings and 
technology (2.5.4). We have structured this 
section in two sub-sections - barriers against 
energy efficiency and approaches for energy 
efficiency.

5.5.1 Barriers

The theory and literature suggests several 
barriers of different types, which is focused 
towards existing buildings (2.5.5). These 
barriers is directed to various conditions. 
There are barriers in regard to the building 

based on the age, related costs, interests, vi-
sible profits, energy costs, a long-term per-
spective, visibility, communication and the 
owner and tenant relationship (2.5.5). The-
re are barriers in regard to government and 
regulations (2.5.5). There is also barriers in 
regard to management, operation and main-
tenance through lack of knowledge, experti-
se, leadership, communication, a long-term 
perspective and negative attitudes (2.5.5). 
For users the barriers relate to awareness, 
that they are comfort-seeking, knowledge, 
corporate culture, visibility and communica-
tion (2.5.5). The barriers will have different 
degrees in regard to breaking them down, 
which depend on control (2.5.5).

Based on the interviews at Realfagbygget 
there is indication of several barriers. One 
is the limitations in the building it self and 
costs associated to rebuild, repair and main-
tain the building, which is beginning to be-
come more necessary. This will result in new 
tuning periodes (break-in periods) towards 
optimization (4.1.4.6). An other is the lack 
of people with satisfactory expertise and 
experience to manage and operate it suffici-
ently (4.1.4.5). Barriers in regard to commu-
nication, information, awareness, priority, 
focus and follow-up is also present, both for 
managers and users (4.1.4.3, 4.1.4.5, 4.1.5.4, 
4.1.5.5). Realfagbygget is always open for 
the users, which makes it harder to manage 
and operate, while the activity is hard to pre-
dict (4.1.4.6). This is also a barrier, and can 
relate to the users and their behavior (4.1.5). 
We can see that there are many barriers pre-
sented in the theory and literature that is pre-
sent at Realfagbygget.
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Based on the interviews at Miljøbygget there 
is also indication of some barriers. One bar-
rier is the tenants and the tenant mix, which 
can be hard to manage (4.2.4.3, 4.2.4.5). As a 
result there is a barrier in regard to the owner 
and tenant relationship (4.2.4.5, 4.2.5.5). We 
can also assume that there is some form of 
barrier in regard to priority and focus, espe-
cially in regard to the users (4.2.5.4, 4.2.5.5). 
While there also can be a barrier in regard to 
the dependability of the automatic demand 
control of the building - both in regard to 
the users and the operation of the building 
(4.2.4.5, 4.2.5.4, 4.2.5.5). We can see that 
there are less barriers presented in the theory 
and literature that is present at Miljøbygget. 
We can assume that there are more barriers, 
but that they where not presented in the in-
terviews. There are also less barriers at Mil-
jøbygget than at Realfagbygget. The reason 
for this may be linked to the difference bet-
ween size and age of the buildings, as well as 
different users and functions.

5.5.2 Approaches

As there are barriers in regard to energy ef-
ficiency (2.5.5), there are also approaches 
(2.5.4), which is presented in the theory and 
literature. Some of the approaches towards 
energy efficiency is expressed through the 
importance of the buildings and good techn-
ology and systems to support the manage-
ment and use in a optimal way (2.5.4). There 
are also several approaches which is not ba-
sed on the building, but rather on the mana-
gement and use of the buildings (2.5.5). One 
of these approaches is to start a preliminary 
and a main project - called a energy program 

(2.5.5). This is to assess a full overview of 
the different aspect both in regard to the 
building, but also in regard to management, 
operation and use (2.5.5). An other approach 
is to establish energy management in an or-
ganization (2.5.5). Even though energy ma-
nagement is not implemented, there should 
still be seen as important to establishing a 
focus in the organization and to train and im-
prove the facilities managers, since they play 
a big part towards the energy efficiency and 
is in contact with the users on an operational 
level (2.5.5). An approach is to establish a 
link between the facilities management and 
the users through the operators to support a 
more energy efficient behavior (2.5.5). Ot-
her important approaches is life cycle costs 
(2.5.5) and benchmarking (2.5.3).

The facilities management at Realfagbyg-
get has implemented several of these appro-
aches (4.1.4). There is established a degree 
of energy management to monitor and mea-
sure the energy use and to find potential for 
improvement, while there also is objecti-
ves in regard to energy efficiency (4.1.4.3, 
4.1.4.5). There is being implemented a de-
gree of life cycle costs in regard to building 
budgeting to assess and find out how well 
the management, operation and maintenance 
is (4.1.4.3). This is related to a new focus 
in regard to benchmarking processes, which 
now has a high focus to assess current status 
in the facilities management at Realfagbyg-
get and NTNU, while also assess how to im-
prove, also in regard to the users (4.1.4.3). 
There is established a focus to further educa-
te and improve the expertice of the manage-
ment, operation and maintenance employees 
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(4.1.4.3). A common system called Lydia is 
implemented to support the different tasks 
within facilities management, which provide 
an overview of tasks and measures to be car-
ried out (4.1.4.3). The facilities management 
at Realfagbygget and NTNU has establised 
several approaches and the interviews (4.1.4) 
indicate that they are dedicated to improve 
and develope towards a better practice and 
energy efficiency, and we can see that there 
are several approaches that is presented in 
the theory and literature that is established.

For Miljøbygget, we can say that the buil-
ding in it self is an approach towards ener-
gy efficiency, both through the structure, 
the installations and systems (4.2.2.6). The 
facilities management is dedicated in regard 
to the monitoring and measurement and has 
a cooperation with Entro (4.2.4.3, 4.2.4.5). 
This indicate a degree of energy mana-
gement, and also some degree of a energy 
project for Miljøbygget. This indication is 
supported by that the results are evaluatied 
and communicated to the tenants (4.2.4.5). 
The facilities management try to monitor 
and follow-up and the tenants, and there has 
also been established training of the users 
(4.2.2.7, 4.2.4.3). We can generally say that 
it is not only Miljøbygget that is energy ef-
ficiency, but also the approaches and focus 
carried out by the facilities management is 
supporting energy efficiency. The facili-
ties management at Miljøbygget is trying 
their best to monitor and save energy and to 
find opportunities for further improvement 
(4.2.4.6). We can see that some of the appro-
aches presented in the theory and literature 
is established and implemented.

5.6 Gap

The gap represents the difference between 
the expected and actual energy use for each 
year. This can also be described as a deviati-
on. Both Realfagbygget (4.1.3.3) and Miljø-
bygget (4.2.3.3) has a gap between expected 
and actual energy use for each year - which 
can be described as varying. In this section 
we will start to analyze the gap for Realfag-
bygget and Miljøbygget, then analyze cau-
ses and solutions.

The gap between expected and actual energy 
use at Realfagbygget is mostly positive, by 
this we mean that the expected energy use 
is higher than the actual energy is for most 
of the calculated years, except for 2007 and 
2010 (4.1.3.3). The highest negative gap 
was in 2010, where the difference between 
the expected and actual energy use was -2 
784 763 kWh (4.1.3.3). The highest positive 
gap was in 2008, where the difference bet-
ween the expected and actual energy use was 
1 352 295 kWh (4.1.3.3). The closest posi-
tive gap was in 2006 where the difference 
between the expected and actual energy use 
was 136 140 kWh (4.1.3.3). The closest ne-
gative gap was in 2007, where the difference 
between the expected and actual energy use 
was -357 470 kWh (4.1.3.3). We can see that 
Realfagbygget is generally performing bet-
ter than the expected energy use.

The gap between expected and actual energy 
use at Miljøbygget is mostly negative, whe-
re the only positive gap is in 2013 (4.2.3.3). 
The highest negative gap was in 2012, where 
the difference between the expected and act-
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ual energy use was -275 000 kWh. The hig-
hest positive gap was in 2013, where the 
difference between the expected and actual 
energy use was 212 000 kWh, which also 
was the closest positive gap (4.2.3.3). The 
closest negative gap was in 2011, where the 
difference between the expected and actual 
energy use was -229 800 kWh (4.2.3.3). We 
can see that Miljøbygget is generally perfor-
ming poorer than the expected energy use.

5.6.1 Causes 

The gap between expected and actual ener-
gy use (4.1.3.3, 4.2.3.3) is based on the 
methods used to calculate expected energy 
use at Realfagbygget (4.1.3.1, 4.1.4.4) and 
Miljøbygget (4.2.3.1, 4.2.4.4). The calcula-
tion methods used has both similar and dif-
ferent weaknesses as we analysed in section 
5.2.2, and since they are based on the actual 
energy use from previous years there will be 
variations since the actual energy use varies 
based on several factors that impact the actu-
al energy use as we analysed in section 5.3. 
We can argue that the calculation method 
used at Realfagbygget  (4.1.3.1, 4.1.4.4) is a 
more fitting calculation method for expected 
energy use because of the use of average cal-
culation, but at the same time it lacks tem-
perature correction which perhaps could im-
prove it. The two calculation methods used 
does not necessarily give a valid picture of 
the expected energy use for the specific year, 
nor any real idea of energy efficiency as it is 
based on historical figures of actual energy 
use, since there might be performed measu-
res or be developments that would suggest a 
lower or higher actual energy use compared 

to the expected energy use for a specific year 
and since there is not performed any real ad-
justments for this. Energy efficiency could 
perhaps be better visualized with the other 
calculation methods. There are analysed se-
veral factors that could be causes of the gap, 
such as the impact factors analyed in section 
5.3.2, the barriers against energy efficiency 
analysed in section 5.5.1, the facilities ma-
nagement analysed in section 5.4.1 and the 
building use and behavior analysed in secti-
on 5.4.2.

The facilities managers at Realfagbygget des-
cribe the gap (4.1.4.5) as a result in regard to 
technical installations and that the solutions 
not always fit and work well togehter, while 
there also is important to constantly monitor 
the building to reduce errors or find and fix 
them as fast as possible (4.1.5.4). The varia-
tions in outdoor temperature is also a cause 
in regard to them. At the same time there is 
increased activity because of more users at 
Realfagbygget, this activity is hard to mana-
ge and control since Realfagbygget always 
is open for use (4.1.5.4). Realfagbygget has 
been in use for 14 years (4.1.2.1), and it is 
becoming more and more necessary to make 
improvements and replace old installations, 
as these can contribute to a higher number of 
errors that cause Realfagbygget to use more 
energy (4.1.4.6). The users at Realfagbygget 
is not aware of a gap, and therefore do not 
know if it is good or bad (4.1.5.6). There are 
mentioned several factors related to the buil-
ding which they see are the reasons (4.1.5.6), 
while there is also expressed that the gap can 
be a result of lack of communication and vi-
sibility of what they as users can do to con-
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tribute in energy efficiency (4.1.5.6).

The facilities managers at Miljøbygget 
expresses that it is hard to get the expec-
ted and actual energy use to correspond 
(4.2.4.5), which result in a gap. They des-
cribe the gap as a result of the tenants and 
tenant mix in combination with some of the 
solutions chosen for Miljøbygget (4.2.4.5). 
Since Miljøbygget is relatively new and only 
have been in use for over four years (4.2.2.1), 
there is also described that tuning to find the 
optimal operation of the building takes time 
and can be a challenge (4.2.4.5). Errors and 
variations in the building and installations 
may also lead to a higher energy use than 
expected (4.2.4.5), which can cause gaps. 
The outdoor temperature is also mentioned 
as a reason (4.2.4.5). The users at Miljøbyg-
get mention the tuning of the building, the 
construction of the building and more users 
and tenants using the building as possible re-
asons for a gap (4.2.5.6).

5.6.2 Solutions

As we analysed in section 5.6.1, the causes 
of the gaps is related to the calculation of the 
expected energy use, compared to the actu-
al energy use. A better calculation method 
could be a solution, where there is more fo-
cus on adjustments to fit the developments 
in the buildings in regard to the use of histo-
rical figures. Based on the calculation met-
hods used, we think that it may be realistic 
to use historical figures to some degree, but 
that the historical figures need to be used as a 
basis for the calculation, where adjustments 
is needed to present more relevant expectati-

ons for the specific year. These adjustments 
could be based on better assessments of the 
status of the building, expected activity and 
use, expected developments and a better long 
term perspective through a stonger focus on 
the different impact factors and barriers, ma-
nagement and use. This could improve the 
calculations of expected energy use.

In regard to reduce the actual energy use 
that where analysed in section 5.3.3, the-
re are several possible approaches that we 
analysed in section 5.5.2. A implementation 
of these approaches could lead to a reduced 
actual energy use and would support energy 
efficiency. A high focus to improve mana-
gement, operation and maintenance is also 
important as we analyse in section 5.4.1, and 
to raise awereness through better visibility 
and communication. Monitoring and mea-
surement is an important task to make sure 
that the buildings is as optimized as possi-
ble as we analysed in section 5.3.1. Since 
the building use and behavior is a challen-
ge as we analysed in section 5.4.2, there is 
a need for better communication, visibility 
and information to raise awereness and sug-
gest measures so the users of buildings also 
is included towards improved energy effi-
ciecy. In section 5.1.2, we also suggested 
that requirements could be better adapted 
towards existing building rather than just for 
new buildings. Based on the methods used 
to calcualte the expected energy use, a redu-
ced actual energy use would also lead to a 
reduced expected energy use in a long term 
perspective. A focus on management and use 
is important and energy efficiency must be 
integrated in their activities.
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Chapter 6
Conclusion - short and concise conclusion in regard to the rese-
arch questions and thesis question
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6.0 Conclusion

This master’s thesis has a purpose to exami-
ne energy efficiency through management 
and use of existing non-domestic building 
with a focus on the gap between the expected 
and actual energy use. To do this, there has 
been conducted a literature study to collect 
and form a foundation of relevant theory and 
literature which present important aspects in 
relation to buildings, calculation methods, 
energy efficiency, management and use. 
The master’s thesis was further designed as 
a case study of two existing non-domestic 
building - Realfagbygget and Miljøbygget 
- which was selected through a systematic 
selection method. There is also conducted 12 
interviews of facilities managers and users 
of the two buildings to support the case stu-
dy. The findings from the literature study 
and the case study with related interviews 
has been analysed and compared in an at-
tempt to answer the research questions and 
thesis question. In this chapter we have writ-
ten a short and concise conclusion in regard 
to the research questions and thesis question, 
based on the analysis in chapter 5. We have 
structured the chapter by first presenting the 
research questions and then the thesis questi-
on as sub-sections. Finally, we present furt-
her research.

6.1 Research questions

6.1.1 How is expected energy use 
calculated for existing non-domestic 
buildings?

The analysis show that there are several 

methods that can be used to calculate expe-
cted energy use. The methods to calculate 
the expected energy use has been categori-
zed as ideal or realistic calculation methods. 
The ideal calculation methods is calculation 
methods that is based on different standards 
such as NS 3031:2007. These standards rely 
on standardized or measured input in the 
calculations, which often is based on ideal 
conditions. None of these standards is used 
to calculate the expected energy use for the 
operation and use phase at the two existing 
non-domestic buildings in the case study. 
The realistic calculation methods is based 
on historical actual energy use to calculate 
the expected energy use. At Realfagbygget, 
the calculation method for expected energy 
use is performed by calculating the average 
of actual energy use of the three last years 
without temperature correction to determine 
the expected energy use. At Miljøbygget, the 
calculation method for expected energy use 
is performed by calculating the actual energy 
use of the last year with temperature corre-
ction to determine the expected energy use. 
The analysis suggest that this may provide a 
realistic image of the expected energy use, 
but that there also is weaknesses with this 
calculation method, such as lack of adjust-
ments in relation to potential developments. 
It is the facilities management that carry out 
the calculations of expected energy use.

6.1.2 What factors affect energy use 
in existing non-domestic buildings?

The analysis suggest several impact factors 
that affact the energy use in existing non-do-
mestic buildings. There are impact factors 
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that affect a building before it is completed 
that will lay the basis of the buildings perfor-
mance. These impact factors relate to requ-
irements and the choice of localization, de-
sign, construction, and solutions. The impact 
factors that affect a buildings energy use af-
ter the building is completed is linked to the 
management, operation, maintenance and 
use, aswell as the outdoor temperature. How 
much the different impact factors affect the 
energy use varies from building to building.
It is clear evidence based on the case studies 
and interviews that these factors impact the 
energy use at Realfagbygget and Miljøbyg-
get. Both of the buildings use energy mo-
nitoring devices installed at the building to 
gather and communicated the energy data to 
a BMS which is futher gathered in a EMS.

6.1.3 How does the management 
and use affect the energy efficiency 
in existing non-domestic buildings?

In the analysis there is clear indications that 
the management and use affect the energy 
use and therefore the energy efficiency. The 
management (the facilities management of 
the buildings) affect the energy use through 
their expertice and experience, how well the 
different tasks are performed, how well the 
building is operated and monitored, and how 
well the users needs and expectations are 
met. The energy efficiency is also affected 
in regard to how good the facilities manage-
ment are to develope, improve and adapt to 
changes, and how well predicted and unpre-
dicted challanges are solved. Users of buil-
dings has different behaviors and patterns 
and therefore use the buildings differently. 

This means that they pose a great challen-
ge in terms of the management of buildings, 
area and energy efficiency. It is also clear 
that the users lack of awareness in regard to 
energy use, saving and efficiency. The ma-
nagement and use also affect the energy ef-
ficiency through a lack of communication, 
visibility, follow-up and measures.

6.2 Thesis question

6.2.1 How to reduce a gap between 
expected and actual energy use in 
existing non-domestic buildings?

The analysis show that there are a gap bet-
ween the expected and actual energy use at 
both Realfagbygget and Miljøbygget. The 
causes for this is based on how the expected 
energy use is calculated - the methods used 
at Realfagbygget and Miljøbygget. The gap 
is further affected by how the actual energy 
use develop through different impact factors 
that affect the actual energy use. To reduce a 
gap between the expected and actual energy 
use, both to ensure a more stable energy ma-
nagement, but also to ensure improved ener-
gy efficiency, depend on how well barriers 
against energy efficiency is broken down, 
how the impact factors are handled and if th-
ere is established measures and approaches 
to reduce the energy use. This is linked to the 
focus and performance of the facilities ma-
nagement and the communcation, informa-
tion and follow-up that is directed towards 
the users of the building to ensure that they 
know how they impact the energy use and 
how they can contribute to reduce it. There 
should also be established solutions to redu-
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ce the users opportunity to affect the energy 
use. An example is automated demand con-
troll of technical installations in buildings 
and smart buildings that can reduce the users 
possibility to have an impact - to some ex-
tent. Since the impact on actual energy use 
depend on various factors that are associated 
with varying uncertainties to what extent the 
factors will affect each specific year, it can 
be concluded that there always will be some 
degree of uncertainty to the expected and 
actual energy use, that will result in some 
degree of a gap.

6.3 Further research

There is a clear need for further research 
towards of how users and their behavior 
in different non-domestic buildings can be 
mapped better to enable realistic simulations 
that can support the calculations of the expe-
cted energy use to be more precise. Users are 
especially difficult to place in the calculati-
ons of energy use, which could lead to a gap 
between expected and actual energy use. It 
should be addressed further research on re-
alistic calculation methods that can be used 
in existing non-domestic buildings to create 
a better and more realistic estimate of expec-
ted energy use, where possible impact factors 
and developments can be included in the cal-
culations. Since users impact the energy use 
in buildings through their use and behavior 
in the buildings, we can see a need on rese-
arch towards measures that can reduce their 
possibility to impact and to neutralize the it. 
It should also be addressed further research 
on how existing buildings may be affected 
by new technical requirements, if appropria-

te, and to what extent this may contribute so 
that new technical requirements not only are 
aimed at new buildings, but also for existing 
buildings.
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Appendix 1 - Interview guide for interview of users

 Presentation
 We are two master’s students in our final year of the master’s program in Real Estate  
 and Facility Management at NTNU in Trondheim. We are now working on our 
 master’s thesis which is the last and final work in the master’s program.

 The purpose of the master’s thesis is to investigate the energy efficiency of existing  
 non-domestic buildings through a focus on the gap between expected and actual 
 energy use and management and use.

 As part of this, we want to interview two to three facilities managers in two different 
 facilities management organizations, which each manages a non-domestic building.  
 We also want to interview two to four users of each of the buildings. This result in a  
 total of eight to 14 respondents, four to seven for each building.

 All information will be treated confidentially and will only be used in this master’s  
 thesis.

 Is it okey that we use a tape recorder to record this interview?

 Yes:      No:

 _______________________                          _______________________

 If yes, is it okey that we attach the transcribed interview in our master’s thesis if  
 it is appropriate?

 Yes:      No:

 _______________________                          _______________________
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1. Profile
 a. What position do you have and what do you generally do during a day at this  
  building?
 b. Which education or professional knowledge do you have?
 c. How long have you been a user of this building?
 d. How and where are you primarily located in this building?
 e. How many are you in your department, company or class in this building?
 * The purpose of these questions are to find the background, position and
  location of the respondent and the respondents organization in the building.

2. User behavior
 a. What areas of the building are you using - can you specify?
 b. Where are you staying the most and the least in the building?
 c. Do you have any real usage patterns - and do you think about this?
 d. Do you have any thoughts on how you influence the energy use of this 
  building?
 e. Can you, as a user, make any adjustments in relation to indoor climate?   
  Which?
 f. What do you think about energy use at home compared to when you are using  
  this building?
 g. How is the focus on energy use and saving in your organization?
 h. What do you think is the reasons for a gap between expected and actual energy  
  use? Any suggestions?
 i. What do you think can be done to point attention on energy saving and 
  behavior for a more sustainable energy use?
 j. What measures will be best to affect and reduce energy use - from a user 
  perspective?
 * The purpose of these questions are to find out about the respondents user 
 behavior and how the respondent this think may impact the energy use of the  
 building, and also any self awareness that the user may have on this topic.

3. Evaluation
 a. What do you think about the building?
 b. Do you feel that the building meet your needs and expectations?
 c. What can be improved?
 * The purpose of these questions are to find out what the user generally think  
 about the building in regard to needs and expecations of the building.

 Final question; anything else you want to add in regard to the topic of conversation?
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Appendix 2 - Interview guide for interview of facility managers 
(also: operators and/or personnel)

 Presentation
 We are two master’s students in our final year of the master’s program in Real Estate  
 and Facility Management at NTNU in Trondheim. We are now working on our 
 master’s thesis which is the last and final work in the master’s program.

 The purpose of the master’s thesis is to investigate the energy efficiency of existing  
 non-domestic buildings through a focus on the gap between expected and actual 
 energy use and management and use.

 As part of this, we want to interview two to three facilities managers in two different 
 facilities management organizations, which each manages a non-domestic building.  
 We also want to interview two to four users of each of the buildings. This result in a  
 total of eight to 14 respondents, four to seven for each building.

 All information will be treated confidentially and will only be used in this master’s  
 thesis.

 Is it okey that we use a tape recorder to record this interview?

 Yes:      No:

 _______________________                          _______________________

 If yes, is it okey that we attach the transcribed interview in our master’s thesis if  
 it is appropriate?

 Yes:      No:

 _______________________                          _______________________
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1. Profile
 a. What position do you have and what do you generally do during a day in 
  regard to this building?
 b. Which education or professional knowledge do you have?
 c. How long have you been a facility manager of this building?
  (Or; how long have you been working with the building?
 d. How long have you had your current position?
 e. How many years have you been in this discipline area?
 * The purpose of these questions are to find the background and position of the  
 respondent and the respondents relationship towards the building.

2. Organization
 a. Which organization has the responsibility to manage this building?
 b. How is the organizational structure?
 c. How is the operation and management organized in general and how is it 
  organized in regard to this building?
 * The purpose of these questions are to find out about how the facility 
 management organization is organized and how operation and management is  
 organized both in general and towards the building discussed.

3. Management and tasks
 a. What responsibilities and duties do you have?
 b. Can you describe a general workday for you?
 c. What is your’s and your organization’s vision and goals in regard to 
  management of buildings and how do you achieve this?
 d. How was the building originally intended to be managed, maintained and   
  used? Is it like this today?
 e. Is the building managed in regard to best practice? What are you thoughts on  
  this topic?
 * The purpose of these questions are to find out about the repondants 
 responsibilites and tasks, as well as the respondends and the respondent’s organi 
 zations vision and goals towards management of buildings. We also want to 
 know how if the building is managed as it should and if this is done towards best  
 practice.

3. Calculation of energy use
 a. Do you make any energy use budgets for management and use? If so, how is  
  this done? If not, how do you calculate or predict how much energy that will 
  be used in the building?
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 b. Which indicators or parameters do you use when you do energy calculations?
 c. What models or methods is used to make the calculations?
 d. Who calculated the expected energy use of this building before it was 
  constructed and do you know when was this done (in which phase was this  
  done)?
 e. Who calculate the expected energy use for each year?
 * The purpose of these questions are to find out about the how and if the energy  
 use is being calucalted, how this is done and how they predict how the energy use  
 will be in the future for the building.

4. Measurement of energy use
 a. How is energy use and performance measured in the building?
 b. How is the building monitored and which systems are included in this process?
 c. How is the results between the expected and actual energy use throughout the  
  buildings lifecycle until today? Has it been a positive or a negative 
  development?
 d. How would you explain the results?
 e. What do you think is the reasons for a gap between expected and actual energy  
  use?
 * The purpose of these questions are to find out about the how and if the energy  
 use is being monitored and measured, how the results are looking and what the  
 respondent think about the results, i.e. what are affecting the results.

5. Evaluation
 a. How would you evaluate the building from a facility management prespective?
 b. How would you evaluate the building’s management and operation?
 c. How could the building be managed and operated better?
 d. Do you have any imput on how management could reduce energy use in this  
  building?
 e. Have there been any challenges in regard to this building?
 * The purpose of these questions are to find out about how the respondent 
 evaluate the building, the building’s management and operation, how it could be  
 managed better and what the respondent think about energy use optimization in  
 regard to management.

 Final question; anything else you want to add in regard to the topic of conversation?
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Appendix 3 - Floor plan of the first floor at Realfagbygget 
(NTNU 2014a)
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Appendix 4 - Floor plan of the second floor at Realfagbygget 
(NTNU 2014e)
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Appendix 5 - Floor plan of the third floor at Realfagbygget 
(NTNU 2014f)
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Appendix 6 - Floor plan of the forth floor at Realfagbygget 
(NTNU 2014g)
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Appendix 7 - Floor plan of the fifth floor at Realfagbygget 
(NTNU 2014h)
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Appendix 8 - Floor plan of the first basement floor at Realfag-
bygget (NTNU 2014i)
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Appendix 9 - Floor plan of the second basement floor at Real-
fagbygget (NTNU 2014j)
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Appendix 10 - Floor plan of the third basement floor at Realfag-
bygget (NTNU 2014k)
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Appendix 11 - Floor plan of the first floor at Miljøbygget (recei-
ved from a respondent)
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Appendix 12 - Floor plan of the second floor at Miljøbygget (re-
ceived from a respondent)
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Appendix 13 - Floor plan of the third floor at Miljøbygget (recei-
ved from a respondent)



Non-domestic building typologies - Master’s thesis in Real Estate and Facilities Management170

Appendix 14 - Floor plan of the forth floor at Miljøbygget (recei-
ved from a respondent)
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Appendix 15 - Floor plan of the fifth floor at Miljøbygget (recei-
ved from a respondent)
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Appendix 16 - Floor plan of the sixth floor at Miljøbygget (recei-
ved from a respondent)
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Appendix 17 - Floor plan of the basement floor at Miljøbygget 
(received from a respondent)
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Appendix 18 - Energy use at Realfagbygget (based on figures 
received from a respondent)



Non-domestic building typologies - Master’s thesis in Real Estate and Facilities Management 175

Appendix 19 - Energy use at Miljøbygget (based on figures re-
ceived from Entro)


