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SYNOPSIS 
This report is intended to focuses on the 
environmental impacts of a retrofitting of an older 
apartment building and the importance of 
decisions-making processes during the project. 
  
The case study deals with an apartment building 
called Stjernehus Borettslag located in 
Kristiansand. The Norwegian firm Kruse Smith 
AS, was chosen as the main contractor to perform 
the retrofitting and has together with several other 
organizations worked on the project since 2011. 
  
Due the Norwegian governmental goal to reduce 
the GHG in Norway, action within this type of 
construction work has been taken, in accordance 
with the governmental program "Framtidens 
Bygg"(Future Buildings). This program is an 
initiative that aims to promote energy saving 
through efficient solutions. The Stjernehus 
Borettslag project was chosen among others, as a 
pilot project for this governmental program and 
therefore has abided by the requirements laid 
down within the program.  Calculating the GHG 
emissions from the project by use of 
Klimagassregnskap.no is one of the requirements 
laid down in this program. Calculation shows an 
emission 25,2kg CO2-eq/m2/year after the 
retrofitting of Stjernehus Borettslag.  
  
Since the decision making throughout the project 
influence the result and quality these aspects are 
also studied and evaluated. The so called 
“garbage can model” theory is used as a 
framework within the study. After analyzing the 
process of Stjernehus Borettslag the conclusion is 
that both the practice and theory stresses the 
randomness in decision-making, and the difficulty 
of achieving changes in within organizations. 
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SYMBOLS & ABBREVIATIONS  
CEN TC350 Comité européen de normalization, The Technical committees for 

“Sustainability of construction works”.  
CO2-eq Carbon dioxide equivalents 
EPD Environmental Product Declarations  
Framtidens Byer Future Cities  
Framtidens Bygg Future Buildings  
GHG Greenhouse Gasses  
GDP Gross Domestic Product 
GWh Gigawatt hours 
h hour 
HOA Home Owner Association  
HVAC Heating, Ventilation, and Air Conditioning 
ISO International Organization for Standardization, 
kg kilograms 
kWh kilowatt hours 
l liter 
LCA Life Cycle Assessment  
m meter  
m2 Square meter 
m3 Cubic meter  
MWh Megawatt hours  
NOK Norwegian Kroner 
NS Norwegian Standardization  
% Percentage  
TEK10 Teknisk Forskrift 2010 (Technical Regulations 2010) 
TWh Terrawatt hours 
TØI Transportøkonomisk institutt 
RUV Den nasjonale reisevaneundersøkelsen 

(Norwegian Travel Survey) 
SBBL Sørlandet Boligbyggelag (South of Norway Housing Association)  
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1 

PREFACE 
This report was conducted in the period 2nd of February 2014 to 4th of June 2014, during the 
final semester of the master program Environmental Management and Sustainability Science 
at Aalborg University. The final semester is themed "Dimensions of environmental 
management and sustainability science".  
 
The written report is directed at supervisors, pairs and employees at Kruse Smith AS, that are 
involved or have an interested of the project.  
 
Harvard method is used as the reference system for this report, which means that author and 
then the year for the reference, is used throughout the report e.g. (Jensen, 2008). In the end of 
the report a bibliography of all references used is provided. Direct quotes from sources, are 
signified with quotation marks and italic font. 
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2 

PROJECT STRUCTURE 
 

Chapter.3 provides a framework of the Norwegian GHG emissions and the governmental actions done to 
reduce the negative environmental impact. 

Chapter.4 introduce the case study of Stjernehus Borettslag and the contractor Kruse Smith AS. 

Chapter.5 present the research question along with the sub questions. 

Chapter.6 gives the used research methodology for the study. 

Chapter.7 introduce the tool klimagassregnskap.no, which calculates the GHG emission from building 
projects. 

Chapter.8 explains how klimagassregnskap.no was used to calculate the GHG emission from Stjernehus 
Borettslag and presents the results of the calculation. 

Chapter.9 presents the used theory to understand decision-making processes, which is called the 
garbage can model. 

Chapter.10 delivers an overview of the process and participants involved and the findings of the project 
are elaborated along with a discussion.  

Chapter.11 gives the conclusion for the project, by answering the research question. 

Chapter.12 concerns reflections of the project.  

Chapter.13 gives the references used in this report 
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3 

NORWAY HAS POTENTIAL FOR REDUCING GHG EMISSIONS 
Oil, gas, wind and water are Norway’s four main sources of energy. Most of the oil and gas 
is exported out of the country to other European countries (Bergesen et al. 2013). 58% of 
Norway’s energy use today is renewable hydroelectricity and even more water and wind 
energy is currently being developed (Bøeng 2010, Bergesen et al. 2013).  It is expected 
that the European energy demand will grow drastically in the near future. In order to prevent 
this increasing demand, the Council of Europe and the European Parliament signed the 
Energy Efficiency Directive in June 2012. The directive aims for a 20% energy reduction in 
the union within 2020 (Bergesen et al. 2013). In response to this directive Norway aims for 
a CO2 reduction with 30% according to the level from 1990, within year 2020. This means a 
reduction form 17million ton to 15million ton CO2 per year (Bøeng 2010). 2/3 of the planned 
reductions are to be done in Norway, and the rest will be bought as emission allowances.  
 
In article in the Norwegian paper Verdens Gang January 2014, political scientist 
Martinussen writes “We can continue Stoltenberg's quota strategy until 2020, or we can 
develop a new policy with greater emphasis on technological restructuring here at home. " 
(Martiniussen 2014).  
  
The Norwegian Environmental Agency writes in March 2014 “The longer we wait, the more 
difficult and expensive it can be. Emissions reductions can be implemented in a more 
flexible manner if the measures are started early.”(Miljødirektoratet 2014) 
 

 
Figure 3-a: Emissions of CO2 equivalents divided on eight sectors (Miljødirektoratet 2014).   
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Figure 3-a, shows that electricity and heating is a major part of the GHG emission cause. 
The Norwegian Environment Agency has formed an agency group called KlimaKur, which 
focuses on the strategies of CO2 reduction (Miljodirektoratet 2013). These covers founding 
and incentives for initiatives that contribute to energy efficiency, energy savings and also a 
further restriction of the present technical regulation (Bøeng 2010). Increasing the 
renewable energy sources, reducing the transportation sector and increasing the public 
transportation. Furthermore the agency group has also conducted a report that focuses on 
the energy conservation in buildings and within the field of industry. Today, some actions to 
prevent or decrease the energy use in the built environment are implemented, such as;  
 
(1) All buildings for sale or rent, must be energy market according to the EU construction 
directive (also been applied by Norway).  
(2) The governmental agency Enova is established, which promotes energy conservation 
and use of renewable energy sources. Enova is also responsible for distribution of an 
energy fund.  
(3) 21 cities are appointed by the municipal and regional ministry to become “green energy 
cities”. The project aims for the selected cites to focus on energy efficiency, renewable 
energy and decrease their overall GHG footprint (Bøeng 2010).   
 
Buildings cause 6% of the GHG emissions, and this is excluding the energy consumption 
(Miljødirektoratet 2014). In total the households are behind approximately 20% of Norway’s 
energy use, which also is behind a huge part of GHG emission (Bergesen et al. 2013). 
Figure 3-b shows that the two major consumers of energy in Norwegian households are 
heating of area and water.  

 
 
Figure 3-b: Distribution of energy in Norwegian Households (Dalen and Larsen 2009) 
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3.1 BUILDINGS AS PART OF THE SOLUTION  
By 2050 it is reported that over 80% of today’s constructions are expected to still exist 
(Framtidens byer 2013). Some of these buildings already need to be upgrader and the rest 
will most likely need it in the future. There is an increasing demand for comfortable housing, 
and this demand needs to be supplied wisely by the contractors considering the climate 
change. To act wisely is be described by the Oxford Dictionary as “Having or showing 
experience, knowledge, and good judgment” (Oxford University Press 2014). These are 
exactly the features need both for now and in the future of the world’s built environment. 
 
Moreover, Norway has one of the world’s highest GDP per Capita, and is also in top of the 
list of countries with highest electricity use. This could indicate that Norway has resources 
to change this arrangement.   
 

Country Electricity use per Citizens Including Industries 
[kWh] in 2006 

GDP per Capita (2012) 

Iceland 31 306 115 
Norway 24 295 195 
Finland 17 178 115 
Sweden 15 230 126 

USA 13 515 152 
France 7 585 109 

Germany 7 175 123 
Denmark 6 864 126 
Poland 3 586 67 

Table 3-a: Showing various electricity consumptions for countries and their GPD per Capita in 2012 (Statistics 
Norway 2012).  
 
There is a paradigm shift towards greener buildings and today there are many different 
drivers for the sustainability within the construction sector, but the Building Guide from 
Sustainia (2012) lists seven of them; (1) Policy, (2) Legislation, (3) Markets, (4) Standards, 
(5) Technology, (6) Rating Systems and (7) Investment capital. Greener buildings are not 
only helpful for the climate, but are adding value to the building, community, nation and 
world. Most of the existing buildings will not last for their full life cycle, which gives an 
opportunity for retrofitting. Windows, walls, roofs and systems for heating often have a 
shorter lifetime, than the rest of the building. Retrofitting opens up for environmental 
aspects to be taken into consideration. Such as improving building by using resource 
efficient materials, upgrading to renewable energy systems for heating and improving the 
building envelope. The end results of an energy retrofitting will give the user an increased 
comfort and also money back from energy savings (Sustsainia 2012). Since 1990s the 
household energy consumption has decreased of 14.5%, from 210kWh to 180kWh. This 
decrease can be explained by general improvements in existing and new housing 
constructions, due to stricter requirements in the technical regulations. Furthermore heating 
systems has been improved in later years(Bergesen et al. 2013). Heating is a crucial part of 
energy consumption in Norwegian buildings, as shown in the Figure XX. Jorgen Randers 
one of the authors behind Limits to Growth wrote in his book 2052 “Thus sooner or later, 
the industrial revolution will be followed by the sustainable revolution” (Randers 2012). 
Randers also commented in his book that a paradigm shift could be compared to an 
earthquake, once it is over the situation is changed, but also stable (Randers 2012).  
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Net  Negative
Impact

RESTORATION

Buildings  seen  as
isolated  things  cut  off  from  
the  surroundings

PARADIGM  SHITF

REGENERATION

Buildings  seen  as
part  of  an  integrated  
system  

Net  Positive  
Impact

SUSTAINABILITY  

Buildings  move  from  being  
part  of  the  problem  to  be  part  of
the  solution.  

Buildings  and  retrofitting  
must  seek  to  redress
damage  done  by  human  activities

Little  or  no  consideration  
given  to  sustainability  
of  buildings.  

ECO-  EFFICIENCY  
Buildings  must  gradually
become  less  of  a  
burden  to  sustainability    

BUSINESS  AS  USUAL  

Buildings  are  seen  as  an
integrated  part  of  the  
surroundings  and  seek  
to  empower  both  nature
humans.  

Buildings  must  not  have  a  
negative  impact  on  environment  
or  users  

Figure 3-c: by Stustaina (2012) present the ongoing paradigm shift.  
 

PARADIGM SHIFT IN THE CONSTRUCTION SECTOR 
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4 

THE CASE OF STJERNEHUS BORETTSLAG  
This report is based on a case study concerning an energy retrofit project. The project is 
located in Norway’s fifth largest city; Kristiansand and it is concerning an apartment building 
from 1965. Stjernehus Borettslag is the name of the building and it has ten stories, 
accommodating 60 apartments of respectively 42m2 to 80m2. In total there are 87 people 
living in Stjernehus Borettslag, which means that there are in average 1.5 people per 
apartment. Furthermore there are 13 garages and 16 parking lots, which means that only 
33% of the residents have the possibility to have parking available at all times. Added there 
is a common parking lot for several apartment buildings in the area, which can be used by 
the residents if needed. But the Home Owner Association (HOA) confirms that there are 
vacant parking garages; since few of the residents have their own car (Lunden, Rønninge 
et al. 2014, a.Moen 2014).   
 

AREA 4000m2 
VOLUME 11440m3 

HEATED AREA 3750m2 

STORIES + BASEMENT 11 
STORIES HIGHT 1.6m 

Table 4-a: Geometric values for Stjernehus Borettslag.  

Picture 4-a: Stjernehus Borettslag before retrofitting started taken by Jenny Josefine Holen. 
 
In 2011 the building was announced Kristiansand's coldest apartment building. Stjernehus 
Borettslag needed an upgrading and Kruse Smith A/S won the bidding and is now the main 
contractor for the upgrading. Both due to the economic and health benefits from doing an 
energy retrofitting, the residents decided to perform this type of upgrading. Even though it 
took several meetings and discussions among the residents to convince all of them that 
energy retrofitting was the best option(Lunden, Rønninge et al. 2014). ENOVA has given a 
grant and the Norwegian Husbanken allocated a loan and a grant of 100 000 NOK to the 
project, this is considered to be a favorable loan compared to private loans (a.Moen 2014). 
Husbanken is a governmental agency that strives to implement the policy of that everyone 
should have a safe place to live (Husbanken 2014). 
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For Stjernehus Borettslag the grants and loans connected to the energy retrofit has a total 
sum of 40 350 000 NOK, as the Table 4-b shows. Originally the upgrading cost was 18 000 
000 NOK, but this sum was increased when the energy retrofitting project was accepted 
(a.Rønningen 2014). This means that each apartment has an added debt of 633 333 NOK, 
which is a significant amount of money. This is considered to be between 20-40% of an 
apartment in Stjernehus Borettslag value (Norges Eiendomsmeglerforbund 2013).   
 

GRANTS & LOANS  
Husbankentrinn 2 (Grant) 100 000 NOK 

ENOVA (Grant) 2 250 000 NOK  
Husbanken loan 38 000 000 NOK  

Table 4-b: shows the grants and loans given to the project (a.Rønningen 2014) .  
 
Retrofit of residential buildings often includes various incentives, such as reducing 
maintenance, energy bills, improving the aesthetic and comfort, increasing the market 
value, the safety and the employment and to avoid CO2 emissions (Martinaitis, 
Kazakevičius et al. 2007). Today, there has not been any relator willing to give Stjernehus 
Borettslag an estimated market value for the apartments after the retrofitting. But the 
residents are accounting for an increased market value, decreased energy use and an 
increased value of their health and comfort (Lunden, Rønninge et al. 2014). 
 
In 2013 Stjernehus Borettslag was accepted as a pilot project in the governmental program 
Framtidens Bygg. This requires the project to be a frontrunner within energy efficiency, new 
solutions, GHG reduction from transportation and material resource efficiency. The project’s 
status before retrofitting and its ambitions after retrofitting is presented in Table 4-c.  
 

AMBITIONS   
Energy Effciency  
Greenhouse gas reduction when changing from heating oil to district heating  
Enhanced comfort and indoor air quality  
More durable facade pannels in regars to materials 
 
SITUATION BEFORE RETROFITTING   
Significant thermal bridges in concrete structures  
Large heating needs  
Need for maintenance  
 
NEEDED INITATIVES   
Additional insulation of walls, floors and ceilings  
Remove / minimize thermal bridges  
Asbestos removal of facade panels  
New clothing for facades  
Replacement of windows and doors for devices with low U-value  
Phasing out oil furnaces transition to district heating 
Mounting balanced ventilation with heat recovery 
Adaptation of universal design 
New glazed balconies 

Table 4-c: taken from the agreement between Framtidens Bygg and the project team of Stjernehus Borettslag 
available at their web page (Framtidens Bygg 2013) 
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4.1 PRESENTING THE CONTRACTOR KRUSE SMITH AS  

Figure 4-a: Presents the organization map of Kruse Smith AS (Kruse Smith AS 2014). 
 
Kruse Smith AS is the main contractor for the retrofitting of Stjernehus Borettslag and the 
organization that allowed this thesis to present an insight in the project.  The company has 
over 690 employees and has been functional within contracting and real state since 1935. 
In 2012 the company had a turnover of NOK 4.1 billion. Throughout 2015, the company has 
sat leadership, development and risk management as main areas of focus. These efforts 
are going to contribute to make better conditions for the productions and organization, 
which hopefully will lead to a better outcome for Kruse Smith's customers and employees 
(Kruse Smith AS 2014). Figure 4-a shows the organization map, which consists of four 
different fields of focus; (1) contractors, (2) special products, (3) own buildings and (4) real 
estate.  
  

4.1.1 ENVIRIONMENTAL ASPECTS  
Kruse Smith AS recognizes their responsibility as a contractor in the Norwegian 
construction field to contribute to decrease the country’s total GHG emission. Moreover, 
Kruse Smith AS also describes the environmental challenges as an opportunity for the 
construction field to contribute with solutions that will lower the emission. They aim for a 
positive development of the future solutions, which will decrease the GHG. Stating that 
Kruse Smith AS wants to be a part of the solution not the problem. Kruse Smith AS is 
aiming to increase the energy efficiency in buildings, both in new and existing structures. 
The firm has a lot of experiences with energy efficient projects and retrofitting projects 
(Kruse Smith AS 2014). Additionally Kruse Smith AS is involved in the construction and 
adjustment of the BREEAM system to fit the Norwegian environment (Kruse Smith AS 
2014). 
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5 

RESEARCH QUESTION  
 
In this report GHG emissions form Stjernehus Borettslag is calculated by using the tool 
kilmagassregnskap.no. This tool can be used as input in a decision making process. 
Therefore a theory for how an organizational decision process is executed is studied and 
used as a framework for the case study.  
 
This project is going to examine and then answer the following questions:  

 
KEY QUESTIONS: 
1. What are the environmental impacts of Stjernehus Borettslag shown by 
klimagassregnskap.no?  
 
2. How should Kruse Smith AS improve their potential for retrofit projects?  
 
• SUB QUESTION PART 1:  
How should the tool klimagassregnskap.no be used? 
What are the potential of klimagassregnskap.no?  
How klimagassregnskap.no be included in a decision making process?  
 
• SUB QUESTION PART 2:  
How can one optimize the decision-making processes of a retrofitting project?   
What are the major challenges in retrofit project’s decision-making processes?  
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6 

RESEARCH METHODOLOGY  
 
There are several types of research; the conducted research for this project can be 
categorized as exploratory research, where the objective is to gain knowledge of a case in 
order to gain insight (Kumar, Phrommathed 2005). This research has both a qualitative and 
quantitative approach, where the motive of human behavior is studied in regards to decision 
making and the environmental performance of a retrofitted building is documented. 
Furthermore the report takes a conceptual approach where a theoretical concept is used to 
guide the analysis and interpretation. Using theory as a framework for a case study can 
improve the research. Finn (2000) stressed the importance of theory in research and wrote 
(p.14): “Research needs theory as a framework for analysis and interpretation, and theory 
needs research to constantly review/modify/challenge theoretical details”. The research 
result is meant to indicate whether there should be change in regards to the decision-
making processes, in order to achieve an improved environmental performance. Data 
collections, analysis and interpretations are meant to advice participants of the project, but 
could also be applied for conduction of further research.      
 

6. 1 RESEARCH PROCESS   

Figure 6-a: Explaining the research process with phase 1, 2 and 3 explained under.  
 
Figure 6-a seeks to describe the research process for this report. In Fall 2013, I contacted 
Kruse Smith AS and asked for possibilities regarding collaboration for final thesis project. 
Due to Kruse Smith’s previous collaborations with students, experience as a leading 
contractor in Norway and involvement in environmental issues they seemed to be an 
attractive organization for thesis collaboration. This collaboration appeared to be a good 
match, and was suiting to the semester theme for the final thesis and my interest in 
structural engineering. During fall 2013, Kruse Smith AS offered three possible research 
fields; all were directed towards environmental aspects in ongoing or planned construction 
projects. Since the existing building mass has a huge potential I chose the case study 
offering insight in a retrofitting project. The process of this project can be divided into three 
phases that are depending on each other, since the next phase is constructed on learned 
knowledge form the previous phase.  
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6.1.1 THREE PHASES  

1) THEORETICAL PHASE  
After the research was defined, a review of existing relevant theories, investigation of case 
studies, and learning of software for environmental assessment and other relevant methods 
started. This was done to open up the field of study, and to shape an overview of the 
research field. During this process the research questions and an overview of the design 
was formed, and feedback from Kruse Smith and supervisor was taken into consideration.    

2) EMPIRICAL PHASE  
Since klimagassregnskap.no requires input data form several participants, this process was 
started already in January, in order to collect all necessary data. In order to have realistic 
data for the transportation section in klimagassregnskap.no, a survey was made to collect 
data concerning residents’ transportation habits. But was not distribute before the final 
thesis report was due. Since it has to be done during an information meeting held by the 
board of Home Owners Association. The Survey is attached in Appendix 1. Data collection 
for klimagassregnskap.no was an ongoing process throughout the project. While qualitative 
data collection, was performed from March throughout May. Interviews were conducted with 
both internal and external employees that had a link to Stjernehus Borettslag and decisions 
taken in project process. Meeting and workshops were attended where qualitative data 
were collected. Appendix 2 provides a list of personal communication with different actors.   

3) ANALYTICAL PHASE  
Qualitative data were used as input in klimagassregnskap.no and results were analyzed. 
Feedback on the calculation was given from both external supervisor Rønningen and 
consultant Selvig and modifications in the calculation were done several times. Studied 
theory was observed in practice and used as a framework to analyze the qualitative data. In 
the end findings were interpreted and conclusions were drawn.  

6. 1. 2 HERMENEUTIC APPROACH  
Even though the process is presented as a linear process in Figure 6-a, there are arrows 
both back and forward in the empirical and analytical phase, since the feedback and added 
knowledge made it necessary to move back and forward from the phases. The theory of the 
hermeneutic spiral is essential for this report; this spiral explains how the initial 
understanding is constantly improved by access to information such as workshops events, 
site observations and interview. Later this information is interpreted and then added to the 
knowledge base. This process continues throughout the study period. By having a 
hermeneutic approach the research is constantly refined(Andersen 2012).  
 

 
Figure 6-b: Hermeneutic spiral for qualitative data in this case study.  
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6.2 RESEARCH METHODS 
Methods for data collection varied throughout the project, due to different data was needed 
to construct the project. Both secondary data and primary data was collected, methods for 
collection is explained under.  

6.2.1 SECONDARY DATA  
This is data in form of literature, which contributes to give the researcher an overall 
understanding of the research field. For this report’s articles, previous case studies 
regarding energy retrofitting, reports of GHG emissions from buildings, guidelines for 
klimagassregenskap.no were used as secondary research data. This contributed to gather 
a general knowledgebase of relevant information, which was used to further identify 
aspects that could be examined in more detailed for the final thesis.  

6.2.2 PRIMARY DATA COLLECTION METHODS  
Both qualitative and quantitative data have been collected for this project. Quantitative data 
was used to calculate the GHG emission using the tool klimagassregnskap.no. While, 
qualitative data were used to analyze the project process and its decision making 
processes. Five methods for collection of data were used for this report (Yin 2011).   

1. DIRECT OBSERVATION  
In January 2014 a meeting was held in Oslo, here the developer of klimagassregnskap.no 
taught the concepts behind the tool. This was an informative meeting where questions 
could be asked frequently and the training was focused on the actual case study.  
 
In March Framtidens Bygg had a startup seminar in Kristiansand, which was organized as a 
workshop where several participants from two pilot projects were represented (Stjernehus 
Borettslag was one of the pilot projects). Both project was presented and previous pilot 
projects were discussed. This workshop was an opportunity to learn more about the project 
as well as the governmental programs Framtidens Bygg and Framtidens Byer and to 
network with different involved participants. List of participants that was presented at the 
workshop is given in Appendix 3.  
 
Construction began in mid April, and in the end of the month a visit to the construction site 
was arranged, where opportunities for questions and observation were offered. In order to 
collect a data for all involved participants.  Eivind Torsvik did a walkthrough of different sub-
suppliers and sub-contractors at the site.    
 
Furthermore, some of the research for this project has been done at Kruse Smith’s offices 
in Kristiansand. This was done to have easy access to competence and knowledge about 
the project, and also have an opportunity for observation.   
 

2. INTERVIEWS 
During the project period several interviews were conducted in order to collect qualitative 
data. These were done in person, through Skype/phone or as questionnaires by email. 
Interviews were recorded or stored as documents. Essentials from the interviews in regards 
to the research questions were analysed and interpreted. Interviewees were carefully 
picked, and questions were constructed to achieve answers, which could contribute to an 
overall understanding of the work and construction practice. Interviewed subject are listed 
in Appendix 2, interview guide in Appendix 4 and record is given in digital format in 
Appendix 5.  
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3. ARCHIVAL RECORDS 
Data from Norwegian Statistics have been used to form a context for the project. This data 
was collected to communicate information about Norway’s energy use, GHG emission and 
energy sources. Furthermore quantitative input data in klimagassregnskap.no were 
gathered from various participants such as; energy companies, from workshop drawings, 
sub suppliers/contractors and transportation surveys, drawings are given in Appendix 6 and 
calculation of measurements in Appendix 7.      

6. DOCUMENTS  
Especially for the quantitative data collection documentation was essential, since measures 
from different participants were needed as input in klimagassregnskap.no. This information 
was collected mostly through email and some measures were taken from workshop 
drawings. Emails have also been a helpful tool for communication with different participants 
and data have been communicated frequently through email. Articles, web pages etc. have 
contributed to complete the data collection. Web pages introducing the different participants 
have established an overview of the organizational goals and objectives, which have been 
used to prepare interviews. Articles, journals and reports are all documents that have 
contributed to build the data collection.  
 

7. PARTICIPANT-OBSERVATIONS 
Since this thesis also has been undertaking a calculation of GHG emission from the retrofit 
building, the researcher has also been recognized as a participant in the project, and has 
therefore filled in a role in the project. During the project time observations have been done 
at informal meetings, seminars and working with the project at Kruse Smiths AS’s offices. 
This has allowed the researcher to convey comprehensive data, gain access to participants 
and achieve an overview of the project process.  

6.2.3 TRIANGULATION FOR VALIDITY  
Data consistency has been constantly checked and rechecked throughout the project 
period. To confirm data, triangulation was used as a method for validation of data sources. 
This enables collected data to be reviewed from different approaches. Additionally, it can 
contribute to provide a more accurate and complex data, since different sources can add 
and clarify the data(Yin 2011). An example is that data from the literature study for 
klimagassregnskap.no were confirmed in the education meeting at Civitas and then again 
at the workshop with Framtidens Bygg, the data was also elaborated further, which allowed 
the researcher to gain a more complex data collection. Triangulation could also result in 
conflicting data, which then again allows the researcher to investigate the data further (Yin 
2011).  
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7 

BUILDING’S GHG EMISSION 
The objective of this chapter is to present the Norwegian tool klimagassregnskap.no and 
discuss its functions and uncertainties. The tool is an environmental indicator for GHG form 
buildings, which is developed to be a part of designers’ decision-making processes in 
Norwegian construction projects.  
 

7.1 INTRODUCTION TO KLIMAGASSREGNSKAP.NO  
The Norwegian governmental firm Statsbygg is the developer and founder of 
klimagassregnskap.no, while the key designer is Eivind Selvig from the consulting firm 
Civitas(Statsbygg 2013). Since 2007 four versions of the tool has been developed, the last 
version was available in 2012. Klimagassregnskap.no is based on and in line with both 
international and national standardizations, such as requirements that concern Life Cycle 
Assessment and the construction sector from CEN TC350, ISO and NS  (Statsbygg & 
Civitas 2013) . Klimagassregnskap.no is a free web based tool, which is available for 
everyone. The only use requirement is to be registered at the web page. Guidelines are 
free for download and available at the same web page as the tool. Klimagassregnskap.no 
can be used as a tool for documentation, planning and discussion. The building model 
identifies hot- spots and documents the carbon footprint from building projects, which can 
be used for comparison of various projects scenarios (Statsbygg 2013).  
 
Both of the governmental programs; Future Built and Framtidens Bygg require their pilot 
projects to use klimagassregnskap.no. This tool is meant to be an integrated part of the 
planning, design and construction phase in all pilot projects. Pilot projects should achieve at 
least 50% reduction from a reference-building model to the designed building model. A 
reference building is a supposed building that is in line with present regulations and based 
on data for minimum requirements and generic data. Models for reference buildings are 
using the same project descriptions as the designed building, such as square meters, type 
of building, region for location and number of residents. However, it presents a building 
model that is not ambitious in regards to reducing the GHG beyond what is required in 
Norway. Therefore it is used as a reference for GHG reduction for pilot projects, since these 
projects are expected to be more ambitious (Statsbygg 2013).  
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Picture 7-a: Illustrates the “thought” building/ reference building to the left and the designed building to the right.   
 

7.2 LIMITATIONS AND FUNCTIONAL UNIT  
Klimagassregnskap.no performs a limited life cycle assessment, since it only takes the 
buildings GHG footprint into account, and does not consider other environmental impacts 
caused by buildings. It determines all of the CO2 equivalent from the gasses presented in 
FN’s climate convention, Kyoto protocol (Selvig 2012). Carbon dioxide (CO2), Methane 
CH4, Nitrous Oxide (N2O), Hydrofluorocarbons (HFC), Perfluorocarbons (PFC) and 
Sulfurhexaflouride(SF6). Projects are calculated as a whole, and the outcome is given as 
building’s total CO2 equivalents emission. This is including construction phase, operation 
phase and maintenance phase trough a lifetime of 60 years. Moreover 
Klimagassregnskap.no is not meant to be a tool that calculates the exact GHG emission of 
a building project, but more as an indicator for a discussion of projects environmental 
impact. The designers of the tool encourage the user to study the; projects emission 
sources, emission sources origin, various action alternatives, uncertainties in calculation 
and report opportunities for improvements. There is also an opportunity to include the 
klimagassregnskap.no calculations in the building scheme Building Research 
Establishment Environmental Assessment Method Norway (BREEAM-NOR), which is a 
ranking system to determine the environmental impact of a building  (Statsbygg & Civitas 
2013)   
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7.3 BRIEFLY HOW KLIMAGASSREGNSKAP.NO IS CONSTRUCTED  
 
Figure 7-a: shows a systematic map of klimagassregnskap.no web portal with the different modules in lime 
green  (Statsbygg & Civitas 2013) .  
 
In klimagassregnskap.no modules are used to calculate the different parts of the building 
model. Each of these modules presents various elements in the project. In total eight 
different modules are developed to build the model (Statsbygg & Civitas 2013) . Figure 7-a 
shows the different modules in klimagassregnskap.no and Figure 7-b shows the accounted 
modules for the calculation of Stjernehus Borettslag. For each module the user has to 
specify the data according to the projects data. This is version number four of the tool and 
according to Civitas the tool is constantly improving (b.Selvig 2014).  

7.3.1 MATERIALS  
Early Stage is the module that specifies the material use for the building model. In total the 
database consist of emission factors for 120 materials, divided over 11 categories. There is 
also an option to view the default data that satisfy the Technical Regulations 2010 (TEK10) 
and the Passive House Standard, Technical Regulations 2010 are used to construct the 
reference-building model.  

 

Designed is the module that allows the user to implement detailed data information of each 
building component. This module consists of nine categories, which each has several sub 
categories. Data such as the weight or volume for each building component are used as 
input, and klimagassregnskap.no calculates the   total CO2-equivalents emission form the 
component. Additionally the module allows the user to modify the lifespan of the various 
building components (Statsbygg & Civitas 2013)  

7.3.2 STATIONARY ENERGY  
Existing is the module that calculates the GHG emission from the energy consumption in 
the existing building model. This is done by implementing energy use data of heating, 
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cooling and electricity, from the current building (if it is a retrofit project) or according to the 
initial design (if it is a new building).  

 
Energy- New is the module where input data from the final designed building model is 
calculated. SIMIEN (which is an application that performs energy calculations) can be used 
to determine the amount of needed energy for a designed building. SIMIEN calculates the 
total energy use based on the final design, and uses inputs such as the u-values, thickness 
of the wall and roof. 

7.3.3 TRANSPORTATION  
This is the module where the GHG emission is based on six factors: 

1. The building total floor space and number of residents 
2. Number of trips done per day per residents, these are trips concerning different 

purposes. 
3. Trips per day done by different transportation modes. 
4. Car use, modified by available parking lots in the building. 
5. Transportation work done per year with use of different transportation modes.  
6. Gas usage and emissions factors of the different transportation modes and in total.  

 

7.3.4 CONSTRUCTION, SITE AND OUTDOOR  
These are all modules that are not used to calculate a retrofit project and they are not 
completely developed yet either.  
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Figure 7-b: the modules included in klimagassregnskap.no.  

7.4 KLIMAGASSREGNSKAP.NO SYSTEM BOUNDARIES  
Both the direct and the indirect emissions are accounted for in klimagassregnskap.no. 
Since the construction phase of the building, the maintenance and operation phase are 
taken into consideration.  
The data collection in klimagassregnskap.no is based on three scope levels, which are 
described under:   
(1) Direct emission each year linked to the buildings physical location.  
(2) Indirect emission linked to the electricity, heating, cooling etc. these are emissions that 

take place at another location than the building, but still need to be accounted for in the 
total GHG footprint.  

(3) Indirect emission from activities, products or services that are linked to the buildings 
construction phase, operation phase or maintenance.   

Since Klimagassregnskap.no is meant as a communication tool, the designers have listed 
two important factors that should be taken into account when communicating the GHG 
footprint calculated in klimagassregnskap.no. 
• The results include all GHG emissions, independent of the any management 

boundaries. This means that the calculation cannot be used in other GHG emission 
calculations, which have other system boundaries.  
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• All results that give a reduction of the GHG emission will result in a reduction of global 
GHG emission, but might increase the GHG emission in Norway. An example for this 
would be even though a producer in Norway is chosen due to their product has a lower 
GHG emission than another producer in Europe. This would increase the GHG 
production in Norway, but overall reduce the GHG in in Europe.  

7.4.1 SYSTEM BOUNDARIES: ENERGY MODULE  
Default data in the energy modules are based on the Norwegian Standard 3031 for 
calculation of building’s energy performance. In the energy module for new buildings the net 
energy needed for the building is calculated. Net energy does not take the energy systems 
efficiency coefficient or energy loss into account. For existing buildings energy module the 
delivered energy is used as input data.  Delivered energy is also including the loss of 
energy during the distribution.  

Figure 7-c: Shows the system boundaries for the net energy need and the delivered energy (Statsbygg & 
Civitas 2013) .   
 
Incorporated in emission calculations is direct emission form the production and the 
transport of the energy from production site to user. Emissions from infrastructure and 
production equipment are excluded form the calculation. The energy system boundaries are 
explained in Figure 7-c. There are three alternatives for emission factors in 
klimagassregnskap.no; these are the EU-goal, the EU reference and the Kyoto. As a 
default the EU-goal is chosen in klimagassregnskap.no, this alternative is recommended by 
the designers to use (Statsbygg & Civitas 2013) .  

7.4.2 SYSTEM BOUNDARIES: MATERIALS  
In Klimagassregnskap.no the system boundaries for the data included in the database is 
set to be from cradle to gate. This is defined as from the raw material extraction to finished 
product at the factory gate, as shown in figure 7-d. Which means that data for GHG 
emission form materials caused by; transportation to site, installation, operation, 
maintenance and end- of-life is not included in the calculation. Material data in version 4 of 
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klimagassregnskap.no is generic, reviewed and compared to LCA according to the ISO 
14040-44. All technical installations are excluded from klimagassregnskap.no  (Statsbygg & 
Civitas 2013) . When materials are recycled or reused to build a new building or in a retrofit 
project, lower emissions factor are calculated in in klimagassregnskap.no (Selvig 2012). 

Figure 7-d: Explains the difference between the system boundaries cradle to gate and the full life cycle of a 
product.  
 

7.4.3 SYSTEM BOUNDARIES: TRANSPORTATION  
Only commutes that are under 100km are accounted for in the transportation module, the 
tool wants to capture the daily travel pattern and therefore only accounts for shorter 
commutes. Moreover the transportation module only account for half of the emissions from 
the transportation, this is done to avoid double calculating of emissions. Therefore half of 
the commute emissions for an employee commute to work are accounted for in their homes 

and the other half in their workplace. Transportation modes included in modules for 
transportation in operation are shown in Figure 7-e  (Statsbygg & Civitas 2013) .  
Figure 7-e: Shows the system boundaries for the transportation module in klimagassregnskap.no (Statsbygg & 
Civitas 2013) .   
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7.5 UNCERTAINTIES & DATA QUALITY  
Klimagassregnskap.no consist of both an integrated database and input data specified for 
each project. There are uncertainties connected to both of the datasets. There are several 
sources for the data used in klimagassregnskap.no, each of these data points are 
connected to an uncertainty. Moreover different data is set together in the total calculation, 
which increases the uncertainty. The designers of klimagassregnskap.no stress two types 
of uncertainties. First are the uncertainties in the data available and second are the 
uncertainties that are result of missing links in the data. The latter can be due to unviable 
data form a life cycle of a product or service. Today uncertainties tests of 
klimagassregnskap.no calculations are not performed. But the designers recommend to 
perform an evaluate the calculation by asking two question  (Statsbygg & Civitas 2013) :  
 
1) How much the end result will transform by a 10-25-50% change  
2) And then discuss if the change has any significance in the choice of input data  

7.5.1 ENERGY 
Emission factor for the energy module is EU-mål= 2 degrees measure, which is fixed to 
361g/kWh in 2010 and it follows a linear function until 2054, where the emission is expected 
to be 0. This is in line with EUs Road map and the 2-degrees measures. The energy 
module for the designed building is calculated with four factors. In this calculation two of 
them are specified for the project (net energy needed and heated floor area), one of them 
can be (system efficiency) and the third is included in klimagassregsnakp.no database  
(Statsbygg & Civitas 2013) .  

 
Emission = (Net energy needed) x (emission factor) x (heated floor area)  
   (System efficiency) 
 

The energy module for the existing building is calculated with three factors. Only the bought 
energy is specified for the project, the two others are included in the klimagassregsnkap.no 
database  (Statsbygg & Civitas 2013) .  

 
Emission = (bought energy) * (energy content) * (emission factor) 
 

7.5.2 MATERIALS  
NTNU made an updated database in the time period 2009-2012,which is used in version 
number four of klimagassregsnkap.no. This database is presented in Appendix xx, this 
table shows that the database is collected form various sources. Neither the date for when 
the data was collected nor the used technology for production of material is given in the 
database table, which is given in Appendix 8 (Statsbygg & Civitas 2013) .  

7.5.3 TRANSPORTATION  
In 2009 the Norwegian Institute of Transportation Economics (TØI) published a national 
travel behavior report TØI-report 1190/2012. Transportation modules in 
klimagassregnskap.no are based on data from this report. Peoples daily travel habits, such 
as why they travel, how far they travel, what transportation mode is used, transportation of 
goods and roads speeding limits, construct the data form the report. This information is 
combined with projects specifics and it is recommended to perform a local survey, in order 
to have more specific and qualified data for the project  (Statsbygg & Civitas 2013) . 
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7.5.4 POSSIBILITES FOR IMPROVEMENT 
Version number four of klimagassregnskap.no is a result of research for more than seven 
years and constantly improvements based on feedback and new findings. To be able to 
perform a GHG calculation for Stjernehus Borettslag by using the tool, both a walk-through 
with the developer Selvig, study of the guidelines and email communication with Selvig was 
necessary (a.Selvig 2014). It is important to remember that this tool is not a finished 
product, but an attempt to offer a free tool that can function as an input when decisions are 
performed in a construction project.    
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8 

GHG EMISSION FROM STJERNEHUS BORETTSLAG  
Since Stjernehus Borettslag is accepted as a pilot project in the program Framtidens Bygg, 
they are required to do a GHG calculation of the project using klimagassregnskap.no. This 
chapter contains calculations for a reference building, the retrofitted building and the 
existing building. This means that three different GHG calculations have been complete in 
klimagassregnskap.no: 
 
Reference Building: is of the same building type and have the same geometrical measures as 
Stjernehus Borettslag, but is built according to minimum requirements from technical 
regulations. This model does not emphasize the environment beyond what is required in 
Norway.  

 
Retrofitted Building: is the designed building, this model accounts for planned materials, actual 
location and the specific area’s transpiration habits.  
 
Existing Building: is the existing building as it was before construction started. This model is 
essential for the energy use during operation, since heating was changed from oil to district.   
 
Statsbygg’s web based tool klimagassregsnakp.no version four is used to perform the 
calculations. Appendix 10 contains a copy of the calculations done in 
klimagassregnskap.no. Emissions are calculated for material use, energy use during 
operation and transportation of people and goods during operation. The calculations are 
performed as a part of the final thesis and in cooperation with Environmental Manager 
Rønningen from Kruse Smith AS. Energy data is collected from Agder Energi og Varme. 
Material data is collected from Project Manger Øyvind Jensen and Eivind Torsvik from 
Kruse Smith AS, while transportation data is provided by TØI in cooperation with Civitas.  
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8.1 TOTAL GHG EMISSION FOR STJERNEHUS BORETTSALG   
 

Figure 8-a: Total GHG emission from the three building models in klimagassregnskap.no of Stjernehus 
Borettslag.  
 
Figure 8-a and Table 8-a, shows a total GHG emission for Stjernehus Borettslag of 25.2kg 
CO2-eq/m2/year after the retrofitting. A reference building is set to 29.8kg CO2-eq/m2/year 
year. Stjernehus Borettslag only achieved a GHG footprint reduction of 15% from the 
reference building to the retrofit building. Since the emission from the existing building is 
only relevant for the energy module, only this is accounted for and gives a total of 45.4 kg 
CO2-eq/m2/year. The energy module shows a 75% reduction from the existing building to 
the retrofit building. Since Framtidens Bygg requires pilot projects to have a 50% reduction, 
15% reduction is not satisfying. The existing building is constructed on data from Stjernehus 
Borettslag before the retrofitting started. And the reference building is calculated by using 
the same geometric values as the designed building. Finally the designed building is 
constructed on data collected from drawings and estimations for the retrofit building. Finally 
the reference-building model is based on a hypothetical scenario, based on intergraded 
data in klimagassregnkap.no, which meets the Technical Regulations 2012 (TEK10).  
 

Table 8-a: Total GHG emission from each building model.  
 
 
 

MODULE EXISTING 
BUILDING 

RETROFIT 
BUILDING REFERENCE BUILDING  

ENERGY 45.4 13.2 10.3 
MATERIAL  - 0.7 5.5 

TRANSPORTATION  - 11.3 14 
SUM  45.4 25.2 29.8 
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8.2 STATIONARY ENERGY USE 

Figure 8-b: Emission from the energy modules.  
 
Based on the data input from klimagassregnskap.no, the calculated GHG emission from the 
energy module equals 10.30kgCO2-eq/m2/year for the reference building, versus 13.20kg 
CO2-eq/m2/year after the retrofitting and 31.10kg CO2-eq/m2/year for the existing building; 
the results are shown in Figure 8-b. Since there is no energy used for cooling in both 
buildings, this bar is presented by 0%. Compared to the reference building, the retrofit 
building has a total GHG addition of 28%. From the existing building to the retrofit building 
there is a 58% reduction of the CO2 footprint, which is a major accomplishment. Data for 
each building is described in more detail under. 
 
The energy module for the reference building is meant to represent minimum requirements 
in TEK10, which in this case is an unfortunate reference. Even though the retrofit building 
are fulfilling TEK10 and uses less kWh, the reference building is provided with 60% energy 
from heat pump, which has a better system efficient factor than the district heating used for 
Stjernehus Borettslag. Selvig, developer of klimagassregnskap.no was contacted in order to 
investigate the possibility of modifying the reference building energy module to equal the 
scenario with the retrofit building. This was not possible, since the reference building needs 
to be constructed on default values, in order to have an objective comparison with the 
retrofit building model (a.Selvig 2014). Even though the retrofit building is fulfilling the 
requirements in TEK10 this is not allowed.     
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8.2.1 EXISTING BUILDING  

Table 8-b: Showing the average use of oil and electricity before the retrofitting of Stjernehus Borettslag.  
 
Stjernehus Borettslag operated with oil heating till 2013 and the amount of oil bought by the 
cooperative is presented in Table 8-b (a.Moen 2014). The average value of 35666 l is used 
as data input in klimagassregnskap.no. This gives 31.1kg CO2-eq/m2/year as a result for 
the existing building's energy module. In addition Stjernehus Borettslag had an average 
electricity use of 434746 kWh per year calculated from delivered electricity in 2011 and 
2012 (a.Rønningen 2014).  

8.1.2 REFERENCE BUILDING  

Table 8-c: Energy sources for the reference building 
 
Needed energy for the reference building is calculated according to TEK10, which is limited 
to a yearly energy use of 115 kWh/m2 per year (Lovdata 2010). Default settings in 
klimagassregnskap.no for TEK10, were used to estimate the net energy use for the 
reference building. The total value of energy use was 111kWh/m2 per year and the total 
emission was estimated to be 10.3 kg CO2-eq/ m2/ year.  
  

YEAR  LITER(l) kWh 

2008 34173 No data 

2009 34572 No data  

2010 44157 No data  
2011 33209 439 953 
2012 32221 429 539 

AVERAGE 35666 434746 

NET ENERGY ENERGY SOURCES kWh/m2/YEAR 

Heating 60% Heating Pump 
40% Electrical Boiler 73 

Cooling -  0 
Electricity 100% Electrical Network 38 

Sum 111 

Emission 10.3 [Kg CO2-eq/year] 
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8.2.2 RETROFIT BUILDING  

 Table 8-e: Energy sources for the retrofitted building.   
 
Needed net energy after retrofit is calculated in SIMIEN by energy consultant Skogheim 
(Appendix 9). This calculation shows a distribution of the net energy use as shown in Table 
8-c. In 2012 Stjernehus Borettslag changed to district heating. Their supplier Agder Energi 
og Varme AS specified the data for the energy mix as shown in Table 8-d (Melhus 2014).  
 
  

ENERGY SOURCES DISTRICT HEATING MIX (%)  

Incineration of waste 81 
Waste Heat nickel plant 17,5 

Bio 0,4 
Oil 1.1 

Electricity 0 
Table 8-d: Energy mix for retofitted building   

NET ENERGY ENERGY SOURCES kWh/m2/YEAR 
Heating 100% District Heating 53.9 
Cooling  0 

Electricity 100% Electrical Network 37.4 
 Sum 91.3 
 Emission 13.20 [Kg CO2-eq/year] 
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8.3 MATERIALS  

Figure 8-c: Emission from the material modules. 
 
Based on the data input from klimagassregnskap.no, the calculated GHG emission from the 
material module equals 5.50 kg CO2-eq/m2/year for the reference building, versus 0.72 kg 
CO2-eq/m2/year after the retrofitting; the results are shown in Figure 8-c. This was 
expected, since there is less material added in a retrofit, than in a new building. Compared 
to the reference building, the retrofitted building has a total GHG reduction of 87% in the 
material module.  
In retrofit projects, the bearing structure is often kept, such as the foundation, concrete 
floors and concrete walls. Structures that are kept will equal zero in the calculation of the 
retrofit building in klimagassregnskap.no. Only the added materials are accounted for in the 
calculation of the GHG footprint. Renovated buildings will therefore show a smaller GHG 
footprint, than new constructions, since less material is added in the calculation.  

8.3.1 REFERENCE BUILDING  
As mentioned the reference building is calculated as a new building and with default values 
according to TEK10 integrated in klimagassregnskap.no. Overall this gives a higher 
emission than for the retrofit project, due to more materials are added in the GHG 
calculation, than in the reference building. 

8.3.2 RETROFIT BUILDING  
For the retrofit building, materials are added to improve the energy efficiency of the building 
envelope. Materials that are actually used for the retrofit and materials that were the best fit 
in klimagassregnskap.no are shown in Table 8-f. The amount of material used for the 
retrofit of Stjernehus Borettslag was calculated according to guidelines from 
klimagassregnskap.no, these are attached in Appendix 7. It is only possible to choose 
certain materials in klimagassregnskap.no (120 alternatives for materials). Some of the 
actual used materials for the retrofit project were not offered as a choice, and therefore 
materials with the closest qualities were chosen in klimagassregnskap.no. This was 
evaluated in collaboration with project manager Jensen (2014) and tool developer Selvig 
(2014). 

2k
g 

C
O

2-
eq

/m
2 /y

ea
r 

33



  MASTER THESIS 2014   
JENNY JOSEFINE HOLEN  

Table 8-f: List of material that were used in the left column and materials that were chosen in 
klimagassregnskap.no in the right column.    
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S

  
 

MATERIAL USED CALCULATED IN 
KLIMAGASSREGNSKAP.NO 

Jackfoam, XPS [200mm] from Jackon AS 
under grown XPS[150] 

Redair Flex System from Rockwool Glass wool insulation 

Insulation between [200mm and 150mm] 
the wooden structures from Rockwool Stone wool insulation 

Wooden structure [48x178 and 48x48] in 
spruce  Wooden Structure 

Wind membrane from Isola Vapor barrier 0.2mm PE foil 

Zenit [8mm] facade panels from Cembrit Fiber cement panels [8mm] 

60 Exteriordoors and 20 floor-entrence 
doors from Nordlock 

Glass (70%) and aluminum (30%) 
doors with a aluminum frame 4.3kg/m2 

Windows and Sixty Baloniy Doors [ u-
value=0.8] from Sør Vidnu 

3 layers (U-value = 0,8) windows with 
a frame of 5.4 kg aluminum  

R
O

O
F 

 

Asphalt cardboard from Isola Asphalt cardboard 6,8 mm with a 
cover% of 103. 

Insulation injected from [50mm] 
Rockwool. Glass wool  

B
A

LC
O

N
IE

S
 

 30 double Steel Balconies from Balco Steel Balcony - 2 kg / BTA 
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8.4 TRANSPORTATION  

 
Figure 8-d: Emission from transportation modules.   
 
Based on the data input from klimagassregnskap.no, the calculated GHG emission from the 
transportation module equals 14.00kgCO2-eq/m2/year for the reference building, versus 
11.30kg CO2-eq/m2/year after the retrofitting; the results are shown in Figure 8-d.  Since 
there is no public transportation operating on rails in the area, this bar is presented by 0% 
for each case. Compared to the reference building, the retrofitted building has a total GHG 
reduction of 19%. The database that is used for the transportation module is constructed on 
results from the 2009 Norwegian Travel Survey (RVU).  Transportation data from the RUV 
is then combined with number of residents.  
 

8.4.1 RETROFIT BUILDING 

Table 8-g: Shows the values for the retrofit building transportation module.  
 
Since Stjernehus Borettslag is located close to 2km from Kristiansand city center, data 
provided from Civitas (a.Selvig 2014) for buildings close to the city are used to calculate the 
retrofit building model. These measures are shown in Table 8-g.  The municipalities’ maps 
were used to calculate the distance between Stjernehus Borettslag and the city center of 
Kristiansand. As the crow flies the distance is less than 1.495km as shown in Picture 8-a, 
while the distance by foot and car is according to goggle maps 2.5km and 2.8km. 
  

TRANSPORTATION MODE WALK/BIKE [%] PUBLIC 
TRANSPORT [%] CAR [%] 

Work/School 35 10 55 
Service 19 3 78 

Procurement & Service  40 5 55 
Other 49 5 46 

2k
g 

C
O

2-
eq

/m
2 /y

ea
r 

35



  MASTER THESIS 2014   
JENNY JOSEFINE HOLEN  

Picture 8-a: shows the distance from Stjernehus Borettslag to the city center of Kristiansand.  

8.4.2 REFERENCE BUILDING  

TRANSPORTATION MODE WALK/BIKE PUBLIC 
TRANSPORT CAR  

Work/ School 21 9 70 
Service 11 3 86 

Procurement & Service  25 5 70 
Other 33 5 63 

Table 8-h: Shows the values for the reference building transportation module.  
 
Location for the reference buildings is based on a hypothetical and generalized location 
within Kristiansand. Transportation data is shown in Table 8-h given in the user guide 
appendix for klimagassregnskap.no; this data is for Kristiansand area and based on the 
2009 Norwegian Travel Survey (2009 RVU).  
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8.5 REALIBILITY OF STJERNEHUS BORETTSLAG GHG FOOTPRINT  
Results that are given from Stjernehus Borettslag GHG calculation may be received as hard 
numbers (hard numbers are results from calculations that reflect accuracy). This is the 
danger with environmental indicators such as this; the purpose of klimagassregnskap.no is 
to create a medium for discussion. Therefore, the developers recommend that results are 
tested of a 10-20-50% change, in order to see if this would change the result reception. 
Table 8-i, shows that only a 50% reduction of the retrofit building result would fulfill 
Framtidens Bygg requirement, to achieve a 50 reduction from the reference-building model.  

Figure 8-i: Sensitivity analysis for the GHG emission results. The values for the designed building listed in the 
first column are tested of a 10-20-50% change and compared to the reference building model.  

8.5.1 COMPLETENESS, SENSITIVITY & CONSISTENCY 
Both in the integrated database and in the specified input data, uncertainties should be 
taken into consideration. Especially due to limitations of alternatives in 
klimagassregnskap.no, the specified project data is not representing the full truth. 
Moreover, there are several aspects in the life cycle of the building model that are not 
accounted for such as the HVAC systems. Since the system boundaries are set to cradle to 
gate, there is also missing links in GHG emission from the gate to cradle.    There are some 
problems with the methodology of the klimagassregnskap.no, due to the system boundary 
is set to cradle to gate. This only covers the GHG emission from the building’s material, but 
does not cover the emission from the transportation to the site, operation, maintenance and 
the end of lifetime. This means that there are some emissions from the life cycle that is not 
communicated through the result. In general the integrated database in 
klimagassregnskap.no is sensitive because it is based on both generic data values, which 
can vary and perhaps not be relevant to the realistic situation, and specific data, which is 
either correct or incorrect. GHG emission results from klimagassregnskap.no should be 
tested for percentage changes, as shown in Figure 8-I (Statsbygg 2013).  
 
The specified input data are primary data collected by suppliers for the building, SBBL, 
Kruse Smith AS, Kruse Smith AS’s sup suppliers, energy suppliers and travel surveys from 
TØI. Since the databases in klimagassrgenskap.no are based on various data sources and 
generalization it is hard to tell the age of the databases. But since the software have been 
running since 2007 it is expected that there can be some data that is outdated. Since the 
environmental qualities of products and services have improved over the last years, it 
needs to be accounted for a margin of uncertainty concerning the data age. Furthermore 
the system boundaries of the databases are unknown to the user, which caries out 
furthermore uncertainties in the calculation. All the calculations in klimagassregnskap.no 
involve differences in databases and most likely some assumptions, cut offs and missing 
links either in the integrated database or in the input data. This means that the results are 
conveying these aspects as well and even though this is an absolute number there are 
several uncertainties connected to the number. Overall there is a challenge to use this tool 
as a guide for a decision making process, when there is numerous uncertainties connected 
to the results. Furthermore, there is also a risk connected to the comparison of the 
reference building model and the retrofit building model. Since the result may be based on 
different compositions of the databases, which again can contain different levels of data 
details.  

kg CO2-eq/m2/year -10 % 10 % -20 % 20 % -50 % 50 % 

Energy Module 13,2 11,88 14,52 10,56 15,84 6,6 19,8 

Material Module 0,7 0,63 0,77 0,56 0,84 0,35 1,05 

Transportation Module 11,3 10,17 12,43 9,04 13,56 5,65 16,95 
Result 25,2 22,68 27,72 20,16 30,24 12,6 37,8 

Reduction -15 % -24 % -7 % -32 % 1 % -58 % 27 % 
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9 

THEORY FOR DECISION MAKING PROCESSES 
Projects are often a result of several decisions, perhaps done by various decisions makers. 
Stjernehus Borettslag retrofit project is results of multiple decisions, and the decision-
making processes are fundamental for the project quality. By whom these decisions are 
done, in what point in the project process and how much resources are delegated to 
perform the decision are all important influences for a project.  
 
Today, most organizations depend on some sort of process to make the optimal business 
decisions. Organizational decisions have a tendency to be made according to the 
organization’s beliefs, codes, conventions, routines and rules (Kørnøv, Christensen 2007). 
One often like to consider the decision making process in firms as a rational procedure. 
Nerveless studies shows that it is hard to distingue the human sense of fairness and 
unfairness in decision-making process. Human decision makers’ will have underlining ideas 
of ethics, social policy, legal practice and personal morality, which can be argued that will 
influence the decision making process (Sanfey, Rilling et al. 2003). Furthermore the non-
consequential theory for decision-making processes is stressing the aspects of randomness 
at the time a decision is done.  
 
Decision-making processes are often concerned with the economic aspects of a project. 
Recently a trend of including non-financial metrics in decision-making processes is 
becoming more normal, for business in the Nordic countries. This is due to an emerging 
market of green products (Nordic Innovation, 2012). Traditionally the process of decision- 
making is started by the need to solve a problem, then by reviewing alternatives, which 
leads to an examination of the different alternatives. Then, to perform an evaluation of the 
various consequences, in terms of the overall objectives and lastly the final decision is 
made. The decision- making model called the garbage can model is used in this report to 
give a theory framework to how decision- making processes can be understood. This theory 
is not based on the traditional logic for a decision-making process. It is not the meaning to 
claim that all decisions are done according to the logic of the garbage can model. But this 
report will seek to emphasis the aspects taken into account in James G. March and his 
colleague’s decision- making model(Cohen, March et al. 1972). Since the model is flexible it 
is possible to practice the model in various context and organizations and it makes a good 
fit when real life practice of decision-making processes are studied.  
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9.1 INTRODUCTING THE MAIN CONCEPT OF THE GARBAGE CAN MODEL 
Professor James P. March and his colleagues presented the logic of decision-making 
theory by showing the process in the garbage can model in 1979 (Cohen, March et al. 
1972). This was a radical approach and various academic fields received the garbage can 
model differently. The concept was based on a different rationality than then what was seen 
before(Workiewicz, Dong 2013).  
 
In an interview Professor March(2013) explains two different logics related to decisions 
making, which explains the main differences of the traditional logic and those of the 
garbage can model(Workiewicz, Dong 2013). First is the traditional logic, where the 
decision maker asks him/her self three questions;  
 

1. What are the alternatives? 
2. What are the consequences? 
3. How do I value the consequences of the alternatives and then choose the one that 

generates most value? 
The second logic is used to form the garbage can model, here the decision maker asks 
him/her self;  
 

1. What kind of person am I? 
2. What kind of situation is this and  
3. What is a person in my poison, suppose to do in a situation like this? 

 
The last logic does not ask about the consequences, which is the main difference between 
the two.  Professor March(2013) explains that people have both of the logics available and 
usually they use both of them as well, but at different times and they can create conflicting 
senses(Workiewicz, Dong 2013). The garbage can model theory has been an essential 
influence for the non-consequntialist apporche of decision-making (Knudsen, Warglien et al. 
2012). Professor March and his colleagues describe the choice opportunities within in an 
organization as a garbage can(Cohen, March et al. 1972).  This can is available for different 
participants and through it runs different solutions and problems. The mix of garbage in this 
can depends on the current scenario. Which is situated by the combination of the used can, 
its label, the garbage and the speed for collection and removal of the garbage. The garbage 
can model describes four different variables, which each is a function of time. These seek 
to describe the independent streams that affect a decision process within an organization. 
The four streams are presented in the Table 8-a (Cohen, March et al. 1972).   

 

 
FOUR STREAMS 

1. Stream of Choice 
Where the organization is anticipated to perform decisions. This could be a scenario where the 
organization has to sign a contract, fire someone, hire someone, allocate responsibility or spend 
money.  

2. Stream of Problems 
A stream of concerns both in internal and external context for the organization, which can trigger a 
decision making process. These can arise from a very individual detailed level to a more common 
open level. But they have all in common that they crave attention and are often looking for a fitting 
solution.  

3. Stream of Solutions 
This is an answers that might are looking for questions, even though they are separated from 
problems solutions can be requested to solve them. In an organization you often don’t know the 
problem before you know the answer.  

4. Stream of Energy from Participants 
A stream that is expected to be change over time; participant often come and go, and can vary from 
problems to solutions.  

Table 9-a: Describes the four streams (Gunter Krumme 2002, Cohen, March et al. 1972). 
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Picture 9-a: Illustration of garbage can with four streams running through.  
 
 
Overall the garbage can model refers to the four streams as independent components that 
float through the structure.  The four streams are connected depending on the arrival and 
departure time and other stream constrains. Since a garbage can lack structural constrains 
the problems are linked to the solutions and the participants to the choices. Even though 
the streams are independent they deal with each other constantly(Cohen, March et al. 
1972). To enable these four variables to connect, three assumptions are identified. First the 
Energy Allocation Assumption, which declares that each choice requires as much effective 
energy as the total of all problems devoted to the choice. Second, the Participant Allocation 
Assumption, which clarifies those participants, should only allocate their energy to one 
choice at each time period. Last the Problem Allocation Assumption, which assume that 
only one choice is connected to a problem at each time(Cohen, March et al. 1972)  
  

PROBLEMS
CHOICE OPPORTUNITIES 
PARTICIPANTS 
SOLUTIONS
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9.2 ORGANIZATIONAL STRUCTURE 
The organizational structure is essential for the result from a decision-making process. 
Elements such as the time pattern in regards to arrival of decision makers, problems 
choices and solutions are affecting the decision making process. Additionally the 
distribution of energy to participants, required energy to perform a decision and the 
connection between the four streams is fundamental for the outcome of the process. 
Organizational structure changes with the context, and external factors such as the market 
demand can contribute to change the elements that shape the structure(Cohen, March et 
al. 1972, Knudsen, Warglien et al. 2012).  

9.2.3 ORGANIZATIONAL ARRANGEMENTS  
In real life organization the settings are often complex and can be a mix of structures 
(Cohen, March et al. 1972).  

NET ENERGY LOAD  
When more problems are attached to the choice more energy is needed to solve the 
problems. An organization has a sum of total energy available over a fixed amount of time. 
The difference between available and required energy to solve the problem defines the net 
energy load of an organization. If less energy is available and the problems connected to a 
choice is heavy, the more difficult is the resolving. 

ACCESS STUCTURE  
The access structure of an organization seeks to describe the relationship between 
problems and choices within decision-making processes. To present an idea of what 
access structures represent, Cohen, March et.al (1972) explains three different access 
structures;   
 
1. UNSEGMENTED ACCESS  
All the active problems have access to any of the active choices. 
2. HIERARCHICAL ACCESS 
Important problems have access to many choices, while the important choices only have 
access to important problems.  
3. SPECILIZED ACCESS  
Each choice only has access to a set of problems, and each problem only have access to 
one choice. 

ENERGY DISTRIBUTION  
Total time spent on organizational problems is reflected in the allocation of energy between 
the decision makers. This varies in organizations, important participants can have less 
energy allocated or more, or all participants can have equal energy available (Cohen, 
March et al. 1972). 
 

DECISION STRUCTURE  
Equally as the access structure, does March (1972) model explain three different decision 
structures within an organization. The decision structure deals with the participants’ 
allocation to the various decision opportunities. This can vary for each organization and the 
scenario, and are often a complex structure, which can be a mix of the three arrangements 
explained under (Cohen, March et al. 1972);   
  
1. UNSEGMENTED DECISIONS 
All choice opportunities are available to any participant.  
2. HIERARCHICAL DECISIONS 
Important participants are part of important choices, and the important participants can 
influence many choices.  
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3. SPECIALIZED DECISIONS  
Choices are specified to participants. Which means that one choice is delegated to one 
participant and the participant only represent one choice.    

Figure 9-a: Seeks to explain the there types of decision structures explained under  
 

9.3 MEASUREMENTS FOR DECISION PROCESSES  
Decision style: There are according to Cohen, March et.al (1972) three different styles for 
how to conduct a decision. In real life organizations, these three styles are often combined 
and organizations use different styles to determine different choices.  
 
(a) By resolution (problem-solution): the participants allocate a joint effort in terms of 
resources to the choice. This enables the requirements to be met, and the problems 
connected to choice are therefore solved(Knudsen, Warglien et al. 2012).  
 
(b) By oversight (false/ Pseudo- resolution): when decisions makers perform choices that 
are not connected to any problems. This decision style does not solve any 
problems(Knudsen, Warglien et al. 2012).  
 
(c) By flight (empty decision): Problems are shifted from the original choice and over to 
other choices, to reduce the needed effort to solve the problems connected to the 
choice(Knudsen, Warglien et al. 2012). 
 
The two last decision (b,c) styles are not solving avoiding to solve relevant problems, 
research of the garbage can theory, shows that these two decisions styles are the most 
common used (Knudsen, Warglien et al. 2012).   
 
Furthermore, four different activity measures are used in the garbage can model:  
 
Problem Activity: to what level problems are active within and organization is reflected in 
the conflicts represented in the organization.  
 
Problem Latency: If a problem is active but not connected to a choice, the problem is 
recolonized but not relevant to any of the choices. Level of problem latency is will have an 
impact on the organization.   
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Decisions Maker Activity: To measure an organizational systems decision makers’ 
activity March (1972) lists four methods:  
(a) For how many time periods a decision maker is connected to the choice, calculated over 
all decision makers.  
(b) Amount of time decision makers shift choices  
(c) Total effective energy accessible and used  
(d) How much energy is used to performed a choice at the specific time 
 
Decision Difficulty: All outcomes of a decision process are related to the included 
participant’s individual behavior. The three outcomes of a decision making process is 
shown in Figure 9-b, these are connected to decision styles, which is explained above.  
 
Segmentation of decision structure can reduce the problem latency, but increase the 
problem activity and the overall decision effectively.  Meanwhile segmentation of access 
structure can reduced the number of unsolved active problems, but will increase the latency 
time for each problem and the time devoted to achieve the decision. Organizational 
arrangement has their compromises and will affect the decision process in an organization. 
If the problem latency increases and the problems that are neglected are essential and can 
damage the organization, it can have serious affects(Knudsen, Warglien et al. 2012).   
 
Figure 9-B can be used to understand the process of decision-making. The four streams 
are used as input, and furthermore the decision process consists of four elements and at 
last the output is assumed to be one of three. Overall there are three main elements that 
influence any outcome of the decision process(Cohen, March et al. 1972). First is the time 
pattern, which is connected to the arrival of any choices, solutions, problems and 
participants. Second is the element of allocation of any energy to participants and third is 
the connection between the four streams.  

 
 

9.4 THORY WRAP UP 
By studying an organizations decision making-processes results can be interpreted and 
understood. This can then be used to optimize an organizations production in terms of 
organizations common objectives. There are several participants in this projects and there 
are even more decisions that have been or will be done. Therefore it is relevant to use the 
theory for decision-making process to understand the practice of this case study and to 
answer the research question of this report.  

 

Figure 9-b: the decision making process (Bogason 1988) 
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10 

SOLUTIONS, PROBLEMS AND CHOICES 
 
Designers, developers, owners etc. are all participants in the retrofitting of Stjernehus 
Borettslag. Multiple decisions are done to accomplish this project, and various participants 
have been included in different decision-making processes. All of these choices have 
impact on the project result, and these decisions can also affect the GHG emission from the 
project (Statsbygg 2010). According to the garbage can model, a decision-making process 
involves four streams; (1) participants energy, (2) choice alternatives, (3) problems and (4) 
solutions. It is possible for the streams to be linked, but initially they are represented as 
independent streams. In the case of Stjernehus Borettslag participants are either by first 
hand communication or by having a common interest to accomplish the retrofitting project. 
Decisions done in a project are often interlinked to the mix of participants; therefore it is 
important to be aware of all the participants involved to be able to understand the decision-
making processes and evaluate the result. Decision makers evaluate their choices 
according to their motivations.  
 
This chapter will give an overview of the Stjernehus Borettslag process, which includes both 
a mix of participants, motivation and decisions. The intention of this chapter is not to 
criticize current decision-making processes, but to understand the reality and seek 
opportunities for improvement. This is done in the theory framework of the garbage can 
model developed by Chone, March et. al (1972) and the decision-making processes in 
practice is observed through qualitative data collection. The retrofitting of Stjernehus 
Borettslag contains numerous of participants that are crucial for one or more phases of the 
project and therefore affect the end result. One choice by one participant can result in 
limited alternatives for another decision maker. List of participants and dates of 
communication are presented in Appendix 2.  
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10.1 PROCESS STJERNEHUS BORETTSALG 
Figure11-a presents a process; it shows the various participants involved in the retrofitting 
of Stjernehus Borettslag and their entry and exit time in the project. In order to present the 
process of the retrofit project in a systematic figure, this figure divides the process into five 
phases. The project was not a linear process in the way that one phase was complete 
before the next started. Therefore, some phases have arrows pointing both back and 
forward. Since decisions done in the planning phase have been revaluated and changed in 
the later phases, such as during the contraction. This could be because some alternatives 
have become more attractive since the context is changed or other alternatives have 
become available. This is an attempt to divide the process into various phases, a short 
description of what the five phases contain is presented under:  

 

START UP:  
This is the phase where the project begins; this project was started by some of the 
residents and SBBL. Here is the context is figured out and the project boundaries are 
shaped.  
 
FRAMEWORK:  
This is the phase where the energy consultant and the main contractor are engaged.  And 
together the participants figured out the essentials of the projects are decided.  
 
PLANNING: 
This is the phase where the designers in collaboration figure out the finer details of the 
project with the other participants.  
 
CONSTRUCTION:  
This is the phase where the execution of the project on the site starts. 
 
AS BUILT: 
This is the phase when the project is finished, and some of the participants need to approve 
the result, this is often done by documentation, such as drawings or reports.  
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Figure 10-a: giving the participants exit and entry tim
e in the project process. 
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10.2 PARTCIPANTS IN THE PROCESS 
Banks, developers, contractors, energy utilities, energy consultants etc., can have 
conflicting interests in retrofit projects. Even the government and the municipality might 
have conflicting interest in construction projects, due to tax money or different motivations 
nationally and locally (Martinaitis, Kazakevičius et al. 2007). Motivation is essential for how 
a decision maker evaluate their choices. During interviews different objectives were 
mentioned from different participants. But all the participants want to deliver as expected to 
their customers. This sub chapter gives an introduction to the participants; their interests 
and reasons for involvement in this retrofit project.  

10.2.1 KRUSE SMITH AS  
Kruse Smith AS calculate a full cost and the necessary profit percentage, factors such as 
the current market and the risk is also implemented in the calculation. Normally an 
organization would aim for at least 10% profit for a project. The accountant does the 
estimation of the project costs and revenues. Later it is discussed in a panel, which include 
the bidding responsible and the district manager. For Stjernehus the calculation process 
was slightly different. Since this project needed to be modified to fit a tight budget, the 
project manager and the accountant had to find new solutions to lower the original cost. 
Therefore the project manager together with the accountant did a major part of the 
calculating process. The project manager and the accountant explained that there are 
several reasons why Kruse Smith AS decided to perform this project (Ulstein, Skarpeid 
2014).  
 
Customer relationship, since Stjernehus Borettslag is a part of SBBL, which is a major 
customer of Kruse Smith’s services.  
 
Green Branding, this project takes environmental aspects into account and is a good 
marketing project for the firm.  
 
Knowledge Base and Niche Expertise, there is a market within renovation of 60s-70s apartment 
buildings in Kristiansand and Kruse Smith whishes to specialize within the filed and build a 
competitive knowledge base. 
 
Quiet Market, the market for new constructions in Kristiansand currently experiencing a 
downfall, and Kruse Smith AS has resources at the moment to offer this service.  

 

10.2.2 SBBL & RESIDENTS OF STJERNEHUS BORETTSLAG 
In 2011, when the Stjernehus Borettslag won the price for Kristiansand’s coldest apartment 
building, they realized it was time for change (Lunden, Rønninge et al. 2014). Since the 
apartment building is a part of the SBBL, they are together involved as the developer of the 
project. SBBL is an experienced developer as the south of Norway’s Housing Association. 
They have been involved in several retrofit projects during the past decade (Skogheim 
2014). While the residents are less experienced and the project manager have given an 
effort to include and engage them in the retrofitting decision making process. Determination 
and hard work from the board of the Home Owner Association have been essential for the 
project success(Eikeland 2014) Residents often have different motivations for doing a 
retrofit project, and with a total of 87 residents there has been conflicting interest at times. 
Understanding and convincing skills from the contractor is important when a project such as 
Stjernehus Borettslag is undertaken, but after tree years of intense work the retrofitting has 
now started (Eikeland 2014).  
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10.2.3 FRAMTIDENS BYER AND FRAMTIDENS BYGG  
Stjernehus Borettslag is a pilot project in the governmental program Framtidens Bygg. 
Framtidens Bygg a sub organization of Fremtidens Byer that is a partnership between the 
Norwegian Government and the thirteen largest cities in Norway. Their aim is to reduce 
GHG emission from the cities and make them a better place to live. Today cities are behind 
a major part of the energy consumption, and 80% of all GHG in the world originates from 
the cities. The program started in 2008 and ends in 2014. Fremtidens Byer aim for a GHG 
reduction by developing new strategies for transportation, stationary energy use, recycling 
and for future climate change. Secondary, Fremtidens Byer has objectives such as 
improving the physical space in regards to ecology, safety, health, experiences and 
commercial development (Framtidens byer 2013). Their four main focuses are listed below.  
 
1. Land Use and Transportation  
2. Stationary Energy Use in Buildings 
3. Consumption patterns and waste  
4. Adapting for Climate Change  
 
Both new and retrofitted buildings can be pilot projects for Fremtidens Bygg. All pilot 
projects need to fulfill the requirements set by Fremtidens Bygg and ENOVA. And they 
need to design solutions for the building, the facilities and the outdoor space that takes 
todays and future climate into consideration. Moreover, it is expected that the projects have; 
good architecture, inclusive design, environmental qualities and preserve important cultural 
values. To achieve these qualities the program encourages cooperation, interdisciplinary 
work and good processes. All pilot projects need to be controlled and evaluated after the 
construction phase by Framtidens Bygg. Framtidens Byer along with Framtidens Bygg 
enables a pilot project team to have numerous of resources available. Today the program 
has some of Norway’s best consultants within energy, transportation, materials and climate 
adjustment available for free use by the pilot projects. Framtidens Bygg stresses the 
importance that contractors are given a chance to prepare for changes that are already 
happening in the construction field. Additionally pilot projects have the opportunity to work 
closer with the municipality. The program considers the existing building mass to be 
important in their work towards reducing the GHG emission. Today, the building mass is not 
increasing drastically and there is a huge potential in present building mass for 
improvements. Framtidens Bygg requires all pilot projects to complete a GHG emission 
calculation of their project through klimagassregnskap.no. Additionally the program 
contributes to make a list of ambitions for each pilot project, which takes sustainability into 
account (Hansen 2014). 
 
To achieve the measurements for Low Energy Class 1 is minimum requirement for the 
energy efficiency of retrofitted such as Stjernehus Borettslag. These are listed in Table 11-
b, additionally there are requirements concerning efficiency of the ventilation and heat 
recovering systems too. Energy for heating should be provided by an alternative energy 
source that is not considered as direct energy sources. This could be renewable energy 
such as solar, heating pump or district heating(JM Norge AS 2014)  
 

Standard Heat loss number Approximately needed 

Low Energy Class 2 0.80 W/m2/K 20cm wall insulation 
Low Energy Class 1 0.65 W/m2/K 25cm wall insulation 

Passive House 0.50 W/m2/K 35cm wall insulation 
Table 10-a: Showing the approximately needed wall thickness to accomplish the standards (JM Norge AS 
2014).   
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10.2.4 THE CITY OF KRISTIANSAND 
The City of Kristiansand is involved in the retrofit of Stjernehus Borettslag both in 
connection with Framtidens Bygg and through the department of planning and development 
(Sandsmark 2014). Together with six other municipalities in the south of Norway, the city of 
Kristiansand has formed the plan “Klimaplanen”, which is a strategy for how the 
municipalities are going to get a GHG reduction of 30% by 2020 (Knutepunkt Sørlandet 
2009). Initiatives such as participation in Framtidens Bygg, ENØK and a reduction in price 
for passive house building permits are done to achieve their goals within the construction 
sector (Sandsmark 2014).  

10.2.5 ENOVA  
Enova is a public participant that aims for a consumption and energy change in Norway and 
was involved already in the start up phase for Stjernehus Borettslag. They promote efficient 
energy use and increased production of renewable energy by supporting projects such as 
Stjernehus Borettslag. Enova distributes financial support to project, which can document 
saved, converted or generated clean energy. Their overall goal is to contribute to improve 
an energy efficient and renewable Norway, by developing solutions. This is to be done by 
testing new solutions, to gain experience and spread knowledge through illustration projects 
(Enova SF 2014).   

10.2.6 HUSBANKEN  
Husbanken is a government agency; they were involved in the early phase of the project. 
Their support was crucial, since they issue favorable loan to projects. The project needs to 
support their goals, which is to create buildings that meets future challenges, satisfy the 
needs of people with disadvantages and creates innovation within the construction sector 
(Husbanken 2014).  

10.2.7 ENERGY CONSULTANT I & II 
In the framework phase an energy consultant was engaged by SBBL to figure out the 
essential need of Stjernehus Borettslag. Summer of 2013 the second energy consultant 
Skogheim from Sweco was involved by Kruse Smith AS. In this case a good relationship 
and experience from previous collaboration with Kruse Smith AS, was most likely the 
reason why Skogheim was involved(Skogheim 2014). 

10.2.8 SUB CONTRACTORS AND SUB SUPPLIERS  
Cost and previous experience with sub contractors and suppliers are often the inputs used 
by Kruse Smith AS, to decide whom to use for a project. After the materials and the work 
from sub contractors are ordered, these are suppose to deliver according to the signed 
contract. If there are any modifications from the original contract, this needs to be 
confronted to the main contractor’s project manager (Ulstein, Skarpeid 2014).  
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10.2.9 WHEEL OF ORGANIZATIONAL MOTIVATION  
To construct an understanding of the different participants’ motivations in the retrofitting 
project, figure 11-c was made. Three questions were asked to construct the wheel; (1) what 
is the aim for this project, (2) why is this the aim (3) how is the aim going to be achieved? 
Information to make the Figure 11-a, was collected from interview, mail and web pages 
(see Appendix 2). Communication between participants both external and internal is crucial 
to avoid conflicting goals within a project, which again will be reflected in the decision- 
making process input and output. Sharing knowledge and information between participants 
in a decision-making process is important to achieve competent evaluation of various 
choice alternatives (Kørnøv, Christensen 2007). Hence, it is important to remember that 
various employees in the organizations can present bias towards the motivations of their 
organization. Thus, some of the participants have overlapping motivations; there are 
conflicting interests as well as shown in the “motivation wheel”. The conflicting inter3ests 
are especially between private at public sector, which is to be expected. Because the public 
sector is founded by tax money and the sector is not concentrated in a competition context 
to earn profit. During the interview with the municipality employee, he assumed that the 
private sector had to be the main driver towards sustainable buildings (Sandsmark 2014). In 
the case of Stjernehus Borettslag the public sector is the main driver with the program 
Framtidens Bygg. This conflict in interest, could indicate that there is a conflict in who 
should take responsible, to ensure that the built environment accomplish a reduced 
negative impact on the environment.  
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Figure 10-b: This figure describes seven of the participant’s aim for the project, why this is the aim and how they 
are going to achieve the aim.  
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10.3 “THAT’S A GARBAGE CAN PROCESS” 
After all the process of Stjernehus Borettslag might not be exciting or exceptional from any 
other retrofit projects. But the logic of decision-making process as described in the garbage 
can model can be recognized. Quoting March on his description from when people realize 
the garbage can model in practice, taken from his interview in 2013 (Workiewicz, Dong 
2013) “meaning it's an understandable process in which things are connected by their 
simultaneous presence more than by anything else, even though they look all mixed-up.” 

10.3.1 OBSERVING DECISIONS  
One can try to explain Stjernehus Borettslag as a result of numerous rational decision-
making processes. But it is not to be mistaken for, that some of the decisions happened 
due to simultaneous presence of either problems, solutions, choices or participants. A 
decision can appear to be rational, and perhaps it is in the context of the available 
information for the decision-maker at the given time. Framtidens Bygg arranged a workshop 
in March, several organizations were present and the agenda were arranged. Yet, the 
discussion of how to plan for storm water drains in a sustainable fashion, winded up starting 
an argument concerning the Stjernehus Borettslag faced panels’ esthetic qualities. This is 
typical according to professor Maister (2005), which has studied decision-processes in 
organizations. Meeting such as these, assume a common set of preferences and shared 
objectives in order to resolve problems, organizations often have conflicting goals, vague 
described preferences and several objectives. Thus, agenda topics drift off, and 
discussions concerning other aspects (than what is on the agenda) emerge.  
 
The process of Stjernehus Borettslag is a unique process, even though there are some 
consistencies in how retrofit projects are done, there are disparities for each project. Kruse 
Smith AS has a manual for how to conduct decisions; the employees follow these 
procedures (Ulstein, Skarpeid 2014) .   
 
Participation as shown in Figure 11-a can indicate that all actors are equally interested in 
the decisions, when they are involved in the process. Meanwhile the practice is usually 
depending on the participants’ interest in the decision-making, this can be related to timing, 
personality and what sort of choices and issues are presented. How much energy 
participant devotes to the project is highly influencing the decision-making process. Sine 
there are many participants in the retrofitting of Stjernehus Borettslag and several decisions 
to be taken, many of the decisions are insignificant to many participants. Throughout the 
project there have been variations of devoted energy from participants to the project and 
the decisions, which is natural since the process develops and different evaluations needs 
to be performed. Maister (2005) explains if practice is going to change, participant need to 
offer a significant amount of energy to a decision process, which makes it difficult to adopt 
changes. In Stjernehus Borettslag the decision to be part of Framtidens Byer was evaluated 
and accepted by the various participant. It can perhaps be blamed on the late involvement 
in the program, that klimagassregnskap.no was never used as a tool to consider the GHG 
footprint of materials, but it can also implicate that this process went on as “normal”, since 
no participant allocated enough energy to change the process.  

During the construction phase it was discovered that the original planned solution for the 
insulation between the basement and the first floor, was an inconvenient solution, due to all 
the basement storage rooms. This led to a second evaluation of the alternatives and it was 
decided to insulate the vestibule walls instead and increase the window’s u-values. This 
decision was taken in accordance with project manager and energy consultant. During the 
interview this appeared to be a reasonable choice for both the project manager and the 
energy consultant, but no other choice alternatives were mentioned. When a project is 
under construction and time is essential, decision-makers have a tendency to act intuitively 
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and less rational (Maister 2005). This means that less choice alternatives are evaluated, 
than in the planning phase.   

Involvement in Framtidens Bygg by Stjernehus Borettslag was initiated by SBBL and then 
later Kruse Smith AS was encouraged by the municipality to contribute in the application 
process. Kristiansand Municipality recommend the retrofitting of Stjernehus Borettslag to 
the secretary and at last the decision by Framtidens Bygg to accept Stjernehus Borettslag 
as a pilot project was done in 2013 (Moen, Rønningen 2014). Kruse Smith AS listed a set of 
requirements that needed to be fulfilled if Stjernehus Borettslag were going to be a pilot 
project. This implicates that Kruse Smith AS also could have decided not to be part of 
Framtidens Bygg, if their requirements were not met. Furthermore the list of requirements 
also created a “third” choice alternative, which can be recognized as one of the two most 
common results of a decision-making process according to Cohen, March et. al (1972). 

1. Kruse Smith AS cannot bear responsibility for ensuring that the program objectives are 
achieved (optimism is great though). 

2. Kruse Smith AS does not bear the financial risks of changes that may be needed to achieve the 
program objectives, the choice of materials and solution principles in relation to the basis of our 
calculations and contract.  

3. Kruse Smith AS get free counselor assistance, including training / education from the program 
in CO2 calculation. We assume that this happens in Kristiansand and that we get to participate 
with unlimited participants within practical limits.  
 

4. This also applies for necessary control documents, such as custom designed quality checks. 

5. SBBL has started the work on an application / registration form and we assume that this work is 
completed and that our work is limited to information relating to our delivery. 

6. We also assume that reporting does not fall on Kruse Smith AS alone, but that SBBL do this 
job. We will carry out information concerning our deliveries.  

7. Energy Reporting required by both Enova and the Framtidens Bygg seem to be in connection to 
the grant from Enova and the responsibility is not with Kruse Smith AS.  

8. We also assume that Kruse Smith AS can access profiling where the project is exposed.  

Table 10-b: Requirements by Kruse Smith AS to the City of Kristiansand for their involvement in Framtidens 
Bygg.  
 
“Pseudo resolution” is the result of a decision-making process, where all problems 
connected to the choice is removed to another choice. This is a decision style that 
transforms the original choice into a choice alternative that requires less effort. It is criticized 
to be an empty or a false decision, where the problem is not actually solved. Framtidens 
Bygg wants to spread environmental awareness among contractors and developers. The 
program contributes with their expertise for solutions and challenges for the pilot projects to 
reflect even more about sustainability than originally planned. The choice alternative taken 
by Kruse Smith AS implicates that the major difficulties; challenged by Framtidens Bygg will 
not be resolved during this retrofit project. This issue is a familiar ghost within decision-
making theory; the major choices often resolve fewer problems, due to the difficulties 
connected to the problems. Results often become a “pseudo resolution” or “empty decision” 
according to the garbage can theory, which means that problems did not get resolved. 
Therefore easy choices, resolve more problems (Cohen, March et al. 1972).   
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10.3.2 IMPROVEMENTS IN DECISION MAKING  
March, Cohen et al. gives suggestions of areas, where organizations could seek 
improvements to optimize a decision processes. Allocating resources to have participants 
gathering knowledge, and improve the information base can improve the decision 
results(Cohen, March et al. 1972). Participants have limited time and capacity, therefore 
they are only capable of allocating limited resources to a decision making process (Kørnøv, 
Christensen 2007). It is important to allocate resources to increase knowledge among 
participants in the early project phases. This will give a common understanding of the 
objectives for the project and perhaps generate more qualified choice alternatives by having 
a multidisciplinary collaboration. Not all participants in a project can have a detailed 
understanding of an environmental indicator tool such as Klimagassregnskap.no. But if the 
motive of the tool is conveyed to all participants, this will increase the environmental 
awareness in the project. Energy consultant Skogheim is familiar with the concepts of 
Framtidens Bygg, but he does not feel that the program has made an impact on his role for 
the project (Skogheim 2014). Observing Stjernehus Borettslag, Klimagassregnskap.no is 
used more as tool for documentation. Several of the participants is not involved in the 
process of klimagassregnskap.no. The calculation is mainly performed as a part of this 
thesis, and therefore is partly done after the materials were chosen. Due to the project strict 
budget, there has been a limited room for choices. Organizational structure is an important 
factor that impacts both the decision-making process and its ability to include environmental 
aspects (Kørnøv, Christensen 2007). Not all of the participants have access to contribute in 
the decision-making process; the organizational decision structure can be recognized as 
segmented. Having a structure that supports a nature of open communication is essential. 
A structure that supports confrontation between rationalities can contribute to increase the 
environmental aspects of a project from an early planning phase, but only if the participants 
are concerned and well informed about the environmental challenges. Hansen from 
Framtidens Bygg has encouraged to multidisciplinary cooperation from the beginning in 
order to achieve good quality. Additionally, Hansen believe it is crucial to have a positive 
contractor that is willing to transfer knowledge further on to their sub contractors (Hansen 
2014). This indicates that Framtidens Bygg is interested in an unsegmented organizational 
decision structure, where several participants from different organizations can contribute in 
the decision-making process. A segmented decision structure will according to the garbage 
can model increase the amount of problem activity, even though the latency of problems 
decreases. Overall this can affect that efficiency of the decisions process and it is 
suggested that the number of solved problems would increase with an unsegment decision 
structure.  
 
David Collingridge (1980) is often quoted when the time is essential for the decision 
consequences. He wrote “When change is easy, the need for it cannot be foreseen; when 
the need is apparent, change has become expensive, difficult and time consuming” 
(Collingridge 1980). Under what circumstances the decision is done can be crucial for the 
evaluated alternatives and their consequences. There are different processes for how a 
decision is performed in various project phases, such as during the planning and 
construction. Decisions done in an early stage of the project are often considered to be 
more constructive according to Skogheim. Since there is more time available and there is 
room to involve different actors, which leads to more choice alternatives can be explored. In 
a later project phase times is often crucial and the situation is fixed, which means less 
alternatives can be evaluated than in the planning phase when the setting is more open. 
Overall, Skogheim’s experience from other projects indicates that the sooner a decision is 
done, the more resources can be allocated to perform the decision process (Skogheim 
2014). This indicates that environmental aspects should be taken into consideration in an 
early project phase in order to avoid expenses and difficulties. It is suggested to act 
discreetly in order to accomplish a change, if klimagassregnskap.no was to be included as 
a tool for evaluation of materials. It perhaps should have been introduced by a participant 
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using an unobtrusively approach, to avoid fear from other participants. Instead of giving all 
participants a report showing the projects GHG emissions, in the end of the project, which 
include GHG emission from all three field included in klimagassregnskap.no; energy, 
materials and transportation. Giving them an example of reduction of GHG for just their field 
of expertise, could perhaps add knowledge and change in their decision-making pattern. 
Lets say the project manager would get an overview of window products GHG emission 
before he ordered windows. 
 
Since the decision process is a result of random streams active at the given time, 
persistence is an important factor. Even though the GHG footprint of materials was not 
evaluated before they were ordered for this project, there is a chance to include this in the 
nest project. Since the second decision will be at a different time, perhaps including some 
different participants, problems and solutions. Cohen, March et al. (1972) warns that 
organizations should not be overloaded with projects. This will result in that some projects 
will achieve little attention, and instead of having a few good projects, an organization will 
have many less good projects. In the case of Stjernehus Borettslag the retrofit project 
received much attention by the contractor and the developer, and does not seem to be an 
“overloaded” project. 
 
Hence, there are procedures and manuals for how a decision-making process is to be 
performed in Kruse Smith AS. But the garbage can model stresses that the reality does not 
exist in a stable environment and therefore these procedures are not to be dependable at 
all time. Employees should be aware of the non-consequential logic of decision-making, in 
order to act in the organizations best interest, the essential of this logic is listed in Chapter 
9.  
 
So, why did the GHG calculation in klimagassregnskap.no not achieve a 50% reduction 
from the designed to the reference building? Interpreting and writing history is provided as 
one of the major potentials for improvement of a decision-making process. It is stressed 
that history should not be interpreted before a time after the project, since opposition can 
arise if it is done to early. Meanwhile time will often accept the real history (Cohen, March et 
al. 1972). This makes perfect sense for the case of Stjernehus Borettslag, and might 
generate decisions, which can reduce the GHG emission even more for future projects.  
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10.4 KLIMAGASSREGNSKAP.NO AS AN INPUT IN DECISION MAKING 
There are several environmental indicators developed to calculate the GHG from projects 
and contribute to organizational decision-making processes. These are often used as a tool 
for comparison, identification of potential, verification, and communication (Jasch 2000). 
Tools such as klimagassregnskap.no can have different purposes depending on the 
intention of applying the tool.   

10.4.1 PROBLEMS AND SOLUTIONS  
Framtidens Bygg requires their pilot projects to use a tool, which gives them the 
consequences of their actions. It identifies hot spots and makes the construction sector 
aware of the environmental impacts caused by their actions.  
Meanwhile the City of Chicago, provides developers with a excel spreadsheet, called 
Chicago Green Home Checklist. Which is an example of a tool that provides a set of 
solutions and invites the construction sector to act sustainable. This checklist determines if 
the project is qualified to be a part of the Chicago Green Homes Program.  Moreover, they 
have published a Chicago Green Homes Guide, which intent to provide a framework for 
how to reduce negative environmental impacts from buildings (Chicago Green Homes 
2009).  
 
Framtidens Bygg has visions to reduce the GHG emissions in 13 Norwegian cities and to 
develop strategies that can face future climate changes. Furthermore Framtidens Bygg 
wants to improve the cities, in regards to ecology, safety, health, experiences and business 
activities (Moe 2012). The question is if klimagassregnskap.no reflects the interest of 
Framtidens Bygg, or if it is just a partial tool that has to be supplemented with other tools 
and guidelines.  

10.4.2 THREE PILLARS IN SUSTAINABILITY  
Project manager Ulstein and accountant Skarpeid from Kruse Smith AS explained that a 
tool such as kimagassregnskap.no could be an integrated part of a decision making 
process. But to do so, it needs to be a preference from the developer. It is expected that 
using a tool such as this in the decision-making process would increase the project cost 
both by the resources allocated to perform the calculation and to modify the solutions. 
Today, the project manager and the accountant explains that there is not a market where 
the contractor can demand the developer to add a 2% extra cost, in order to accomplish a 
more sustainable building (Ulstein, Skarpeid 2014). If klimagassregnskap.no is to be 
integrated in the planning phase, as a base for decisions making, it could be argued that it 
does not take economic aspects of sustainability into account. Hansen recognize the 
importance of a pilot projects being financial realistic, even though klimagassregnskap.no 
do not take any economic measures into account (Hansen 2014). 
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11 

CONCLUSION  
 

ENVIRONMENTAL IMPACT OF STJERNEHUS BORETTSLAG SHOWN BY KLIMAGASSREGNSKAP.NO  
Klimagassregnskap.no shows an impact of 25,2 kg CO2-eq/m2/year for the retrofit project. 
This accounts for the added materials and transportation and energy use when the building 
is operated. The result is based on both specified collected data and the database in 
egassregnskap.no. Moreover the result holds uncertainties, and is therefore tested for 
sensitivity in chapter 8.5, by using a recommended percentage change. The sensitivity test 
shows very different values and it is therefore difficult to determine the significance of the 
actual result.  It is recommended to evaluate these percentage changes to determine if they 
have any affect on how the result is evaluated.  
 
Moreover, gassregnskap.no gives a limited environmental impact of the projects. There are 
aspects of the module’s life cycles that are not taken into account, such as the 
transportation of material to construction site. Additionally there are modules not considered 
at all such as the construction phase.  
 

HOW TO USE KLIMAGASSREGNSKAP.NO TO CONSTRUCT DECISIONS  
There are complications relaying on the results from the tool as guide for action. A mix of 
generic and specific data is used in the calculation of the energy and transportation 
modules. For the material module, exact data measures for material used in Stjernehus 
Borettslag is calculated, together with specific product data integrated in 
klimagassregnskap.no. There are several different data sources that indicate that there are 
differences in the used method for data collection. It can be complicated to use a result 
from such a nonspecific calculation as a guideline for a specific project. Aspects such as 
local production and used technology for production are not taken into account in 
klimagassregnskap.no. These aspects can be significant for the GHG emission of 
materials. Hence, it can be recommended to use klimagassregnskap.no, as a base for 
discussion in the early project phase. While calculating the GHG in a later project phase, 
when the evaluations and the choice of alternatives are done, hardly make any sense, 
Klimagassregnskap.no demands little data specifics, and can be used as weighting tool for 
alternatives in the early project phase. If a solution achieves a significant GHG reduction in 
klimagassregnskap.no, the reason should be investigated and evaluated. A suggestion 
would be to arrange a collaborative workshop where materials were decided and 
klimagassregnskap.no were used as an input for decision, but not as an overriding factor. 
This workshop could include project manager (ordering materials), accountant (considering 
economic aspects) and a “klimagassregnskap.no” expert such as an environmental 
manager. It is necessary to have at least one participant with a complete understanding of 
klimagassregnskap.no, in order to use it as an efficient input for decision-making.  

POTENTIAL FOR KLIMAGASSREGNSKAP.NO  
The fact that the calculator is a free web based tool and being constantly developed, makes 
it very attractive. But the construction sector needs to use the calculator and resources 
should be allocated to improve the calculator. Klimagassregnskap.no could be the future 
platform for reduction of GHG emission within the Norwegian construction sector. The 
calculator is already using specific data from actual supplier in the material module; an idea 
would be to have more specific products added to the tool. Particularly should the tool 
include products used by the Norwegian construction sector. These could be presented 
with the product name and supplier, and would perhaps generate a “green” competition 
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amongst suppliers. Another possibility for the tool is to recommend solutions for sustainable 
construction instead of only showing the consequences. Pilot projects in Framtidens Bygg 
are supposed to accomplish new solutions that are energy and resource efficient. Solutions 
that already exist for this could be promoted through klimagassregnskap.no. In order to 
create a perfect tool to support sustainable construction, Framtidens Bygg should study 
what would engage the participants, and how their decision making processes can be 
influenced. 
 

POTENTIAL IN RETROFIT PROJECTS  
Kruse Smith AS has obtained a niche competence in retrofitting. They are a leading 
contractor in the filed, and are fulfilling the customers’ demands. Yet, it is difficult to plan for 
results of decision-making processes, according to the garage can model. Procedures and 
motivations are essential for the result of decision-making process. But the underlying 
randomness that influences a process should most likely be stressed equally, to explain a 
result.  

IMPROVE THE DECISION-MAKING PROCESS AND RECOGNIZE CHALLENGES  
To optimize a result of a decision, one should include the “right” participants in the decision-
making processes. This could be done by having a unsegment decision structure, where 
more participant could be informed of the choice opportunities, and perhaps more qualified 
solutions would appear. Problems latency is another aspect that should be recognized in an 
organization, since important problems should be resolved sooner than later. And it is 
important to strive for a decision style that resolves organizational problems. If not problems 
have a tendency to accrue later on, when they have become more expensive and difficult to 
resolve.  
 
In retrofit project there are already a starting point, which can be problematic in regards to 
construct energy effect design sustainable. Since the bearing structure is often kept and the 
designers need to fit the solutions to the structure. Efficient solutions are essential and for a 
contractor it is therefore important to obtain good relationships with suppliers and designers 
in order to deliver the best retrofit. Residents of Stjernehus Borettslag invested a significant 
amount of money in the project. This was necessary to achieve the wanted results and 
Kruse Smith AS also allocated much time to lower the project cost and find cost efficient 
solutions. But, the challenge with retrofitting is initially the high cost, considering that the 
cost is between 20-40% of the apartments market value. It is hard to balance the three 
pillars in sustainable for retrofit projects.  
 
There is a need for a paradigm shift in the construction sector, Sustainia (2012) claims it is 
already happening. Others such as Randers (2012) express concerns over the changes are 
happening to slow. The garbage can model explains that change is difficult and hard to 
achieve within organizations. So, who should make sure the change is pursued? Kruse 
Smith AS does recognize their responsibility to contribute lower the negative environmental 
impact (Kruse Smith AS 2014) Subsequently the municipality counts on the market and the 
private sector to act more sustainable. Summed up the government has set the goal to 
achieve a reduction of GHG. And this should be reflected in relevant regulations and be an 
implemented part of the bureaucratic process. Some already is, but again the process of 
change is most likley going to slow. In order to create a perfect tool to support sustainable 
construction, Framtidens Bygg should study what would engage the participants, and how 
their decision making processes can be influenced. 
Lastly, interpretation of history can contribute to increased knowledge and competence 
within an organization. By interpreting decisions taken in the process for Stjernehus 
Borettslag retrofitting, future projects process can be improved.   
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REFLECTIONS  
The goal for this thesis was to gain insight in a construction project, and investigate current 
considerations taken regarding environmental impact and evaluate opportunities for 
improvements. In the case study of Stjernehus Borettslag, this was possible and the 
collaboration with Kruse Smith AS, was a positive experience.  
 
Since the calculation of the GHG emission from Stjernehus Borettslag is a required 
component for all pilot projects, this thesis could contribute to the project process. The 
calculation did not achieve a 50% reduction from the deigned building model to the 
reference-building model for this report. But since other retrofit projects have achieved a 
50% reduction, it is most likely possible. If more detailed data is collected to make the 
calculation more realistic the reduction could be increased. One action to improve the GHG 
calculation could be to document the resident’s transportation habits by doing the survey 
(Appendix 1). This would give specified data, which perhaps could improve the 
transportation module. However, the result makes a base for discussion and an 
understanding of the tool and its application area was attained. Including the calculation in 
the thesis project also allowed an insight in the Norwegian governmental initiatives to 
reduce the negative environmental impact in the construction sector.  
 
If the study were to continue, aspect that could have been interesting to study in regards to 
klimagassregnskap.no:  
  
(1) Do a comparison of a pervious done calculation for a retrofit project in 
klimagassregnskap.no 
 
(2) Compare the material module result, with values from Environmental Product 
Declarations (EPD) of the actually used products; to investigate the accuracy of the tool’s 
material module.   
 
The second part of the report concerning decision-making processes in organizations, have 
been a hermeneutic experience. To use a theory such as the garbage can model to 
understand the real life decision processes, have been both difficult and helpful. The latter, 
was more understood in final part of the project, because the knowledge base improved 
with the project time.  The hermeneutic spiral was also recognized when qualitative data 
was collected. After interviews or meetings it was often needed to send a follow up email. 
Sometimes it was too late to get answers to wanted information. In general the investigation 
of the decision-making process shows that there are complications for changes to be 
accepted in an organization. Klimagassregnskap.no was not used to evaluate the materials 
used for the retrofitting of Stjernehus Borettslag. Aspects that could have been interesting 
to studied further more in relation to decision-making processes: 
 
(3) Investigate what actions should be used to implement the environmental impact of a 
project, into the decision-making process in Kruse Smith AS’s.  
 
(4) Considered what are the conflicts and opportunities between economy and environment 
in the construction sector.   
 
Finally, I would like to mention that I appreciated all knowledge I have attained while 
undertaking this project. And I am grateful for all the interesting actors I got a chance to 
meet.  
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APPENDIX 1: SURVEY: for data collection to the transportation module in klimagassregnskap.no   
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APPENDIX 3: WORKSHOP PARTICIPANT LIST  
  
APPENDIX 4: WORK SHOP DRAWINGS   
  
APPENDIX 5: AUDIO RECORDS:  
    a) Meeting in Oslo Selvig and Rønningen  
    b) Interview Ulstein and Skarpeid 
    c) Interview Sandsmark  
 

 

   
APPENDIX 6: INTERVIEW GUIDES: 
   a) Ulstein and Skarpeid 
   b) Skogheim  
   c) Sandsmark 
   d) To construct Figure 10-b “Motivation wheel”  
   e) Framtidens Bygg 

 

  
APPENDIX 7: MEASUREMENTS: for the material module in klimagassregnskap.no  
  
APPENDIX 8: DATA BASE: for the material module in klimagassregnskap.no   
 
APPENDIX 9: SIMIEN: calculations done by energy consultant  

 

  
APPENDIX 10: KLIMAGASSREGNSKAP.NO CALCULATIONS   
      a) Existing Building  
      b) Reference Building  
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