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Abstract 
 
Residential buildings have served as homes for the humankind throughout the years and the energy 

focus is relatively new in comparison. The interest of the energy perspective has increased 

alongside with the stricter laws and goals in the European Union and the Swedish Building Board. 

In multiple cases, the calculated energy usage of the buildings are usually lower than the real time 

measured energy consumption, showing the importance of performing energy follow-ups of the 

buildings. The goal of this thesis is revolving around the understanding of the the problems, 

performance and importance of energy follow-ups in the building process. This study will only 

focus on the energy focus of residential buildings in the building process, while only taking the 

Swedish laws into consideration. 

A literature study was performed as an intention to understand the subject and its problems more 

thoroughly. The literature study contains the Swedish laws regarding the subject, the structure of the 

building process and possible failure points, while also looking at multiple studies regarding the 

difference between the calculated and the measured values. Furthermore, inquiries were sent out to 

multiple municipalities and companies with questions related to the subject. 

 

In the answers from the different respondents, the result showed that both municipalities and 

companies stores energy statistics in web-based programs and requires real measurements to 

perform energy follow-ups. One municipality describes that there was a vague understanding of the 

consequences or penalties of not performing an energy follow-up according to the time-plan. 

Furthermore, the company A described that there was a lack of knowledge of how or where 

measurements should be performed in detail and where responsibility should be placed if not 

everything is fulfilled according to the contract. The companies set up their own local goals that 

surpasses the rules of the BBR and the companies very rarely breaks the energy limits. 

Company B has only failed to meet the energy limits once and that project was sold off to another 

actor. Company B also describes that they have never failed to perform an energy follow-up 

according to the time-plan and doesn’t know what to do if it would happen. Another municipality 

refers multiple times to their goals regarding the climate and energy limits, however, the 

methodology on how to achieve these goals aren’t described. Lastly, the there’s no form of 

cooperation between the municipalities or the companies. 

 

Differences in energy performance, between the calculated and the real, is often a result of many 

different factors, which is not always easy to define. Throughout the building process, it is of high 

importance to keep focus on the energy question in every step. Good and correct knowledge has to 

be present the whole process to give the best prerequisites for a good performing building. Bad 

energy performance leads to higher cost for the habitants. Loose terms in laws and regulations can 

lead to bad energy calculations and leave room for influencing the calculation to show wanted 

results. Good energy declarations require proper measurements and as the standard equipment today 

provides somewhat lacking data with monthly values, which makes it difficult to study the reasons 

to higher energy consumption. For better understanding abnormal energy consumption, more 

detailed values are often necessary. 

In terms of applicability, this study can contribute to the awareness to the different issues that has 

occurred from the study, for example the required education and the responsibility in more detail. A 

few conclusions can be made from this study, the lack of knowledge in terms of responsibility, 

consequences or penalties and how measurements should be made in detail. Another conclusion are 

that web-based programs are used for energy follow-ups and require real values and there’s no 

cooperation between different actors related to this subject. 

 
Keywords: 
Energy follow-ups, building process, BBR, responsibility and measurement. 



 

 
 

Sammanfattning 
 

Bostäder har använts som hem för människor genom tiderna och energiperspektivet i dessa bostäder 

är relativt nytt i jämförelse. Energiperspektivets intresse har blivit större samtidigt som hårdare krav 

och mål har formulerats i EU och i lagboken BBR. I flertal fall är den beräknande energin för en 

byggnad lägre än den uppmätta mängden under användning, vilket visar vikten av att utföra en så 

kallad energiuppföljning för respektive byggnad. Målet med detta exjobb handlar om att få en 

förståelse kring problemen, utförandet och vikten i energiuppföljningar som existerar i flertal fall 

inom byggprocessen. Den här studien kommer bara fokusera på bostäder i byggprocessen och bara 

ta hänsyn av de svenska lagarna kring området. En litteraturstudie utfördes för att kunna fördjupa 

sig inom ämnet och dess problem. Denna litteraturstudie innehåller relevanta svenska lagar för 

ämnet, strukturen av byggnadsprocessen och möjliga felkällor, men även studera flertal rapporter 

angående skillnaden mellan den beräknande och den uppmätta energianvändningen. Slutligen 

skickades flera enkäter till energiexperter i kommuner och företag med relevanta frågor till ämnet. 

    

I svaren från respektive respondent visade resultatet att både kommuner och företagen använder 

dataprogram angående energianvändningen. Dessa dataprogram kräver en verklig uppmätning av 

energin i hushållen för att kunna utföra en energiuppföljning. Kommun A beskriver att det finns en 

dålig uppfattning angående de konsekvenser och straffen som förekommer om en energiuppföljning 

inte utförs i tid enligt tidsplanen. Fortsättningsvist beskriver företag A att det är en begränsad 

förståelse angående hur och var uppmätningar ska utföras i detalj, men även också vem som ska ta 

ansvar om någonting går fel enligt byggkontraktet. Företagen sätter upp lokala mål som är lägre än 

BBRs krav vilket har lett till att fel uppstår väldigt sällan. Företag B beskriver också att de aldrig 

har misslyckats med att utföra en energiuppföljning enligt tidsplanen men vet inte vad som ska 

göras om det skulle hända. Kommun B refererar flertal gånger till deras energi- och klimatmål men 

metodiken av att uppfylla dessa mål är inte beskrivet. Slutligen finns det ingen form av samarbete 

kring energiuppföljningar mellan de kommuner och företag som har svarat på enkäten. 

 

Skillnaden mellan den beräknande- och den uppmätta energiprestandan beror ofta av flertal olika 

faktorer som är svårt att definiera. Det är viktigt att ha någon form av energifokus genom hela 

byggnadsprocessen och inte bara i ett fåtal steg. Detta fokus måste vara bra och ha rätt kunskap för 

att kunna ge de bästa förutsättningarna till en bra bostad från ett energiperspektiv. Byggnader med 

en dålig energiprestanda leder till en hög kostnad genom förvaltningsfasen. Obestämda termer i 

lagboken som ”bör” leder till dåliga beräkningar som inte har en liknande struktur och kan vara 

gjord för att visa ett lägre värde. Energideklarationer som är bra kräver riktiga mätningar och bättre 

mätningsverktyg som inte ger otillräcklig information i till exempel månadsvärden, vilket leder till 

en dålig förståelse till vad som händer angående energianvändningen i huset. Användbarheten av 

studien består till mesta av att upplysa om de problemen som existerar idag som till exempel den 

behövda utbildningen och kompetensen kring ansvar, straffen och var mätningar ska sättas i detalj. 

Några slutsatser som studien har kommit fram till är den otillräckliga kunskapen i ansvar, 

konsekvenser och straff samt mätningar ska sättas beskrivas mer i detalj. Slutligen används 

dataprogram för att utföra energiuppföljningar som kräver verkliga mätningar och det finns ingen 

form av samarbetet mellan olika aktörer angående energiuppföljningar.  

 

Nyckelord: 
Energiuppföljningar, byggnadsprocessen, BBR, ansvar och mätningar.  



 

 
 

 

Concepts and/or abbreviations 

Developer 

Developer in this thesis is the person in responsibility of the building during the building process, this 

person in responsibility can be different depending on the project and can switch throughout the 

process. Two examples of who can be the developer is the building company and the customer. The 

word developer is a general word and was chosen due to there not being a specific translation to 

the Swedish word “byggherre”. 

Energy follow-up 

An energy follow-up is to perform a solution to improve an area from an energy perspective. There are 

multiple types of energy follow-ups in the building process. The different areas regarding energy 

follow-ups will be described later in the thesis. 

Management 

From an energy perspective, management is the last phase of the building process that revolves 

around observing the energy usage and finding solutions to reduce it. 

Energy declaration 

Energy declaration is a report containing all the data from an energy perspective in a building. This 

data revolves around the heating, cooling, electricity and the energy usage of the building. Energy 

declaration can also contain possible solutions to reduce the energy consumption. 

BBR 

BBR stands for “The building regulations of the National Board of Housing, Building and Planning”  

and contains laws regarding the construction of a building from different perspectives in Sweden. 
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1 Introduction 

Residential buildings has served as homes for the humankind throughout the centuries as an 

important part of the society. While constructing a house has been recorded as far back as 

3000 BCE close to the riverbanks in Mesopotamia [1], the thought of energy usage or energy 

efficiency in buildings is relatively new in history. With the environmental aspect in focus 

recently of the increased temperature on earth, the focus on the energy aspect keeps 

increasing. In Sweden, the energy in residential buildings and facilities stands for roughly a 

third of the total energy consumption and 60% of that one third is from heating [2]. This gives 

potential for improvements in the energy usage and the potential of performing energy follow-

ups.  

In multiple cases, the calculated energy consumption is lower than the real, measured energy 

consumption, which makes energy follow-ups for the calculation essential towards a lower 

energy consumption in Sweden. The energy follow-ups on construction of new building is 

also of importance, due to the stricter laws in EU that will be implemented in December 31st 

2020 regarding passive houses, which are supposed to have as low energy usage as possible 

for the customers. [3] 

From the customers’ point of view, the interest of low energy consumption in houses has also 

increased, due to the interest in the environment and the evolution of increased energy costs 

per kWh [4]. This gives energy follow-ups a great importance for property owners and 

companies who wants to sell respective residential buildings to customers in the future. 

While the following-up on new and already completed buildings is important, the core 

essence of a building is during the building process that is divided into multiple phases [5]. 

For each phase, the responsibility of the building can be shifted throughout the process and 

can have different interests and goal. This in turn can mean that the energy perspective will 

not always be in focus to give the best possible prerequisites for an energy follow-up in the 

future. 

 

This work has been requested by Petter Börjesson, an energy expert and consultant for the 

company “Leksandsbostäder AB”. 

 

1.1 Background 

The building process in Sweden, according to “bostadsbyggnadsprocessen.se”, consists of 

several steps. These steps are the idea phase, planning phase, permission-for-building phase, 

building phase and follow-up phase. [5] These steps is performed by different people involved 

in the building process for each phase, were each one of the different actors involved has 

different interests and goals. Commonly, the people involved in respective phase does not 

have good knowledge or high interest in the energy performance or installation systems in the 

building. [6] As a result, the energy and installation systems are not the main focus in the 

building process and it is hard to reach the set goals of energy efficiency in buildings. This 

makes it hard to reach the set goals of energy efficiency in buildings since the management 

phase, where the installation and energy systems are active, has not gotten the optimal 

prerequisites for optimal energy consumption. Studies and interviews made, shows that lack 

of knowledge throughout the building process results in not optimal energy performances and 

installation systems not working optimally. [7]  This is one of many reasons why we see that 

buildings often have up to 30 % higher energy consumption than the calculations predicted, in 

some cases it can even be 50 % higher. [8] 

As new goals is set by the EU and the government of Sweden, the importance of energy 

efficient buildings grows. EU wants the energy consumption to be reduced by 20 % to 2020 
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and 27 % or higher before the year 2030. Agenda 2030, which includes different goals to 

reach by 2030 is the basis for many of these energy goals as it states that the energy efficiency 

should be doubled by 2030. [9] Central actions to reach the goals are increased energy 

efficiency and savings. The energy efficiency goal is set to 32.5 % to 2030. One measure of 

this is to make sure that the countries of the European Union sets up rules and regulations to 

increase the possibility of more individual measurement of different energy consumers in 

buildings. [10] [11]  

The government of Sweden wants to reach the “20/20/20-goal” set by EU, which means to 

decrease carbon dioxide emissions by 20 %, 20 % of energy produced from renewable 

sources and a 20 % increase in energy efficiency. [12] To reach these goals it is of high 

importance to build energy efficient buildings with new, modern technology. Since one third 

of the total energy usage in Sweden is from residential buildings and facilities, where the 

heating of buildings stands for roughly 60 % of energy usage, there are great potential of 

saving energy in this sector. [3]  

 

To ensure good energy performance in buildings Sweden has implied energy declarations of 

buildings, which have to be made to almost all buildings – there are some exceptions. How 

this should be done, and after which premises, is written in the building rules and regulations, 

BBR, from the National Board of Housing, Building and Planning in Sweden and the 

municipalities in Sweden are responsible to make sure that the rules are followed and the 

handling of energy declarations. Since the knowledge of energy efficiency can be highly 

varying between individuals depending on their personal interest, education level and how 

often new buildings is built in respective municipality the process can look different across 

the Swedish nation. As energy performance and efficiency can be seen as a rather new subject 

and with new technological advances in the last years has brought better, more efficient 

systems concerning energy and indoor environment. Since the subject is rather new, the 

knowledge of systems and their impact is probably not a common knowledge of the actors 

involved in the different stages of the building process. As studies and interviews tells us the 

energy question, with control and installations systems, is not given the proper focus and 

prerequisites throughout the building process. [8] Even if the intent to build energy efficient 

buildings, the goals are rarely reached as the real energy consumption of the building usually 

is higher than the pre-calculated energy consumption, where numbers of around 30 % higher 

energy consumption is commonly seen. This is shown in a report from Enveco Anthesis, 

made by Agneta Persson in cooperation with ByggVesta, where the calculated energy 

consumption and real energy consumption of two multi dwelling house projects was 

examined. Although the advanced calculation models that are used today to calculate the 

energy consumption of the building the problem remains that the real energy consumption is 

usually higher than the calculated energy consumption, these two examined projects are no 

exception. The real energy consumption was in both projects thirty percent higher than the 

calculated value. The reasons for this is often hard to define but the authors presents some 

probable reasons for this difference; that the calculation models are incomplete and has some 

weak points, differences in the building process and shortcomings in commissioning. [6] Per 

Kempe writes in another report about operation and energy follow-up other probable reasons 

why the energy consumption is not optional after the final inspection of the building. This 

indicates that not enough time and energy is spent to optimize the regulation and control 

systems in buildings. Additionally he indicates that this problem comes from failures 

throughout the whole building process, from projection to operation, as the questions 

regarding energy, installation and control systems are not given the proper focus throughout 

the building process. [7] 
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How the energy question should be handled in the building process, who has the 

responsibility for the final energy consumption of the building and what are we doing wrong 

today are interesting questions to ask since with more advanced calculation models and 

systems the energy consumption is still higher than intended. 

 

1.2 Aims 

The purpose of this examination is to create an understanding revolving around the 

prerequisites for energy follow-ups in Sweden. This involves looking through the current 

problems with energy follow-ups, the energy question in the building process and find 

possible solutions for future to make them more efficient, while considering the Swedish 

laws. Furthermore, the study will go deeper into finding the differences between different 

municipalities in terms of regulations for energy follow-ups. 

 

 

1.3 Limitations 

This examination will only focus on the current Swedish laws regarding the energy aspect of 

residential buildings and the building process. Furthermore, it will only take into 

consideration of the Swedish prerequisites such as the environment.   
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2 What is an energy follow-up? 

 

This chapter will describe five different types of energy follow-ups that occurs throughout the 

building process from seeking permission towards constructing the building to managing the 

building.  

 

2.1 Follow-up for petition towards construction 

The first energy follow-up occurs when asking for a petition towards constructing a building. 

This follow-up needs to be performed if the energy calculation is not performed according to 

the prerequisites in the BEN from the BBR. The BEN describes what is required in an energy 

calculation and how to perform it. [13] 

2.2 Follow-up after completion of the building construction 

When the construction of a building process is complete, the management phase begins. The 

management phase revolves around observing the usage of land, water, energy and other 

natural resources and if the values are too high, it is in the interest of the property owner to 

follow-up the respective problems for lowering the values. Possible solutions to these 

problems can be found in an energy declaration. [13] 

2.3  Energy declaration 

According to the law 2006:985, about energy declaration for buildings, the energy 

performance of the building has to be specified in an energy declaration. [14] An energy 

declaration contains information regarding the energy usage in the building and possible 

solutions that would decrease the energy usage in the building should be included, if such 

solutions is found. Energy declarations can be a form of energy follow-up for the difference 

between the calculated and the measured energy usage.  

2.4 Invoices/bills 

Another way of measuring the energy usage for the building during the management phase is 

by using the summarization of the monthly invoices from the respective energy company. 

This is a form of energy follow-up regarding the energy usage from the energy company 

towards the customer. In the report “Pre-study for installation systems in energy efficient 

buildings” Dr. Per Kempe describes the follow-up through bills being a very brief overview of 

the energy usage but the reason why the number is low or high is unknown. [15] 

2.5 General legal requirements on ordered building. 

If the legal agreements on the ordered building does not synchronize with the constructed 

building, for example if the energy system is not the same as what the developer and the 

building company agreed upon, the person responsible for the illegal difference should 

follow-up the respective part of the building. 
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3 Theory 

The theory section will look into the rules and regulations in Sweden today concerning energy 

consumption and the various different kinds of energy follow-up. Literature studies will 

include relevant Swedish laws, the BBR with building rules and regulations, BEN 2 with rules 

and regulations regarding energy calculations, the building process and other reports 

concerning our subject, which will help to work out the formulated problem. 

3.1 BBR: 

In chapter nine in the BBR 2011:6 The Consolidated Version, the building rules from the 

Swedish governmental institution National Board of Housing, Building and Planning, the 

rules and regulations regarding energy usage in Swedish buildings is written. It states that 

buildings should generally be built to use electricity effectively, effective heat and cooling 

usage, low cooling demand and low heat losses. The most important factor is the primary 

energy number, EPpet, of the building and is calculated with following formula: [16] 

 

𝐸𝑃𝑝𝑒𝑡 =

∑ (
𝐸𝑢𝑝𝑝𝑣,𝑖

𝐹𝑔𝑒𝑜
+ 𝐸𝑘𝑦𝑙,𝑖 + 𝐸𝑡𝑣𝑣,𝑖 + 𝐸𝑓,𝑖) ∗ 𝑃𝐸𝑖

6
𝑖=1

𝐴𝑡𝑒𝑚𝑝
                   (1) 

 

EPpet = Primary energy number, kWh/m2, yr 

Euppv = Energy for heating, kWh/yr 

Fgeo = Geographical adjustment factor 

Etvv = Energy for hot water, kWh/yr 

Ef = Estate energy, kWh/yr 

PEi = Primary energy factor per energy carrier 

Atemp = Total area intended to be heated above 10 oC. 

 

   The primary energy number is limited differently for different buildings, see limits in table 

below. 

Table 1 – Primary energy numbers 

 

Houses and other premises with Atemp < 50 m2 have no requirements at energy performance. 

Additionally certain additions to the energy performance limits can be made under special 

circumstances, see the BBR for more details. 

  

Building type Energy performance as 

EPpet [kWh/m2, yr] 

Average U-value of 

building [W/m2K] 

Detached houses 90 0.4 

Apartments 85 0.4 

Premises 80 0.6 
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 Energy Verification: 

The BBR also states in chapter nine that the energy performance, EPpet, has to be verified. 

During the planning phase, the buildings primary energy number and other important values 

should be calculated to ensure that the building meets the required limits of energy 

performance. The verification of the energy consumption and the energy performance of the 

building should be made by measurements of the real building and adjusted to represent a 

normal energy usage during a normal year. The verification of energy usage to different 

purposes such as heating, cooling, domestic hot water and building electricity should be made 

and have individual measurement equipment so it is possible to measure them separately in 

new buildings. It should also be easily accessed for the costumer. Studies made in both 

Sweden and Germany have shown that an individual measurement systems help to lower the 

energy consumption by around twenty percent, which shows the potential of individual 

measurement systems as an energy saving measure. [17] BBR also states that the 

measurements should be made in a continuous period of twelve months and within a 

timeframe of twenty-four months after the building is finished. After these twenty-four 

months there should also be made an energy declaration. Additionally, there should always be 

a possibility to measure the buildings energy consumption during wanted time periods. [16] 

    

 Energy Declaration 

When building a new building the responsibility to make the energy declaration lies at the 

building developer. For older buildings, the building owner has the responsibility to make an 

energy declaration if there is not one already. The law and BBR also describes which 

buildings have to make an energy declaration and which does not have to make one.  

 

An energy declaration always need to be made when; the building is new, the building has a 

floor area bigger than 250 m2 and is often visited by public people, when the building is sold 

or used for rental purposes. New buildings intended for public use or rental services has to 

have an energy declaration before any use of the building. Homes and smaller buildings 

(Atemp>50 m2) have the timeframe of twenty-four months to make an energy declaration. [18] 

 

Buildings that doesn’t require an energy declaration are; buildings for religious activity, 

industries and workshops, buildings intended for use less than four months per year or during 

limited times when energy consumption is less than twenty-five percent of yearly energy 

consumption, temporary buildings intended for use in maximum two years, buildings for 

agriculture or forestry with low energy consumption, building smaller than 50 m2 and 

buildings intended for military activities or of secret nature. [19] 

 

An energy declaration has to contain information about the energy class of the building, 

energy performance in the form of primary energy number and the energy demands of a 

similar building today. It should also contain specific energy use of heating, comfort cooling, 

domestic hot water and building electricity. Furthermore is also specify heating system, 

heated area Atemp, the radon value, whether ventilation control has been made or not and the 

name of the energy expert who has made the energy declaration. If there are certain actions 

that can be made to decrease the energy use, such suggestions from an energy expert should 

also be presented in the energy declaration. Lastly, the energy declaration has to be summed 

up in an energy summarization where important values are presented.  

For the energy declaration to be valid, it has to be made by a certified person or company. The 

validity of the energy declaration lasts ten years after the finishing date. [20] 
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 BEN 2 

In BFS 2017:6 BEN 2, the regulations about calculating a building’s energy consumption at 

normal use and a normal year are written. It states that the calculation of energy performance 

of small houses and multi dwelling houses should be done with values of a maximum 

timespan of one month (monthly values). For other facilities, the energy performance should 

be calculated using values with a maximum timespan of one hour (hourly values). It presents 

values for calculations for single dwelling houses, multi dwelling houses, office buildings, 

kindergartens, schools and universities about indoor temperature, sun screening, domestic hot 

water, activity energy and person heat. Below the values for single and multi-dwelling houses 

are listed. [21] 

 

Parameter Sub parameter Sub parameter Value 

Indoor temperature Heating season [oC] Areas for living 

purposes 

21 

Air flow Demanded flows 

[min/day] 

Kitchen forcing 30 

Sun screening Demanded screening 

[screening factor] 

e.g. curtains, 

awnings, blinds 

0.71 

Domestic hot water Energy  

[kWh/m2, Atemp, year] 

 20/ηtvv 

 

Household energy 

Energy  

[kWh/m2, Atemp, year] 

 30 

Internal load [%]  70 

 

Person heat 

Number of persons  See table 6 

Time [h/d/v]  14/7/52 

Power [W/person]  80 
Table 4 – Parameters for single dwelling houses 

 

 

Parameter Sub parameter Sub parameter Value 

 

 

Indoor temperature 

 

 

Heating season [oC] 

Areas for living 

purposes 

21 

Areas for living 

purposes in 

retirement homes 

22 

Air flow Demanded flows 

[min/day] 

Kitchen forcing 30 

Sun screening Demanded screening 

[screening factor] 

e.g. curtains, 

awnings, blinds 

0.71 

Domestic hot water Energy  

[kWh/m2, Atemp, year] 

 25/ηtvv 

 

Household energy 

Energy  

[kWh/m2, Atemp, year] 

 30 

Internal load [%]  70 

 

Person heat 

Number of persons  See table 6 

Time [h/d/v]  14/7/52 

Power [W/person]  80 
Table 5 – Parameters for multi dwelling houses 
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Number of 

rooms and 

kitchen 

 

1 

 

2 

 

3 

 

4 

 

 

5+ 

Number of 

persons 

1.42 1.63 2.18 2.79 3.51 

Table 6 – Values for calculation of number of persons in residential buildings 

 

Further, it states that the energy consumption of the building should be based on measurement 

and normalization. Measured values have to be normalized so that they represent a normal 

exertion and year. Depending on the detail the measurement systems in single and multi-

dwelling houses the values of energy for different purposes should be normalized, but if the 

level of detail is not enough the used energy should be divided so that a normalization of the 

values is possible. Domestic hot water is normalized by the table below. [21] 

 

Table 7 – Normalization of domestic hot water 

 

Energy produced from other sources, such as solar power, wind power, ground heat, air or 

water, used in producing domestic hot water can be reduced from the normalized domestic hot 

water value. This also applies to other technical solutions, if energy is saved for producing 

domestic hot water. The factor 𝜂𝑡𝑣𝑣 stands for the yearly efficiency of the production of 

domestic hot water. Depending on the system used for domestic hot water production the 

value is different. See table 8 for calculation values for different production systems. [21] 

 

Heat source Yearly efficiency, 𝜼𝒕𝒗𝒗 

District heating 1.0 

Electricity (direct or electric boiler) 1.0 

Electricity, exhaust air HP 1.7 

Electricity, air or water HP 2.0 

Electricity, ground HP 2.5 

Biofuel boiler 0.75 

Oil 0.85 

Gas boiler 0.9 
Table 8 – Yearly efficiencies of different heat sources 

  

Residential buildings [kWh/year] Multi dwelling houses [kWh/year] 
20 × 𝐴𝑡𝑒𝑚𝑝

𝜂𝑡𝑣𝑣
 

25 × 𝐴𝑡𝑒𝑚𝑝

𝜂𝑡𝑣𝑣
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 Energy measurement: 

The BBR also tells that energy measurement equipment could be installed in buildings with 

multiple apartments or facilities to make it possible to measure individual values for heat, 

cooling, electricity and domestic hot water. However it is not a necessity and should only be 

installed when building new buildings, renovation and in existing buildings if it is 

economically appealing and technically possible. Since the behavior of the habitant in 

apartments are different and energy consumption highly individual it requires individual 

apartment measurement systems to be able to give exact and proper bills for heat, electricity 

and water. Water are usually measured in cubic meters of water, m3, and electricity as 

kilowatt-hours, kWh. [16] 

In 2014, the Swedish Environmental and Energy Ministry formed the law 2014:267 about 

energy measurement in Swedish buildings. The point of the law is to make it possible to give 

individual bills for energy consumption in multi dwelling buildings. It states that electricity in 

new multi dwelling houses should be possible to measure individually for each apartment. 

The same rules applies for heat, cooling and domestic hot water where measurement 

equipment for each apartment should be installed but only if it is cost effective. For existing 

buildings the building owner should, if it is cost effective and technically possible, install 

equipment for measurement of electricity, heat, cooling and domestic hot water in individual 

apartments for individual measurements and billing. [22] 

 

Energy measurements can be done differently for different purposes. In the report about 

operation and energy follow up, the author Per Kempe divides and presents energy 

measurement in three levels of detail; monthly values, hourly values and minute values. 

Monthly values are collected from the measurement equipment and provides information 

about the total energy consumption of the house. This helps with seeing the total energy 

consumption but it can be difficult to draw conclusions of exactly what contributes to the 

consumption in the house. Hourly values can be measured with different measurement 

equipment and can provide a more detailed view of the energy consumption. The equipment 

can be installed so that sub-parts of the system can be measured with hourly values and 

possibly reveal reoccurring variations in the system. Minutely values can provide an even 

more detailed view of system parts with operational data which can give vital information 

about the systems performance and if there is a need to optimize the system. [7]  

 

Standard equipment in both single and multi-dwelling houses are electricity and water 

measurement equipment. They measure the total incoming electricity and water into the house 

or apartment system and are usually used by the providing company as basis for the charging. 

Additional measurement can be made by installing e.g. mid-point water measurement 

equipment or multimeters to give more detailed values and if wanted, provide information of 

certain subparts of the electricity or water system. 
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3.2 Building Process: 

According to “projektledning.com”, there are four important actors who have different roles 

in the building process. The first one is the municipality who decides when the project starts, 

finishes and hosts technical consultations. The second actor is the developer who is 

responsible for the planning, the building and its laws regarding the project. The third actor is 

the “county government” who the developer can utilize if the municipality denies the starting 

of the project to overrule the decision. The last actor is the National Board of Housing, 

Building and Planning that provides the general laws regarding the building process. [23] 

Per Kempe points out in a report that the entrepreneur has an important role to play as putting 

forward clear and specific demands regarding system functions and the verification. This is to 

prevent vague instructions and avoid changes in the construction phase, as unclear 

instructions could lead to modifications by the building companies. [8]  

 

From the website “bostadsbyggnadsprocessen.se”, the building process is described by 

splitting up the process into five phases from the perspectives of the municipality and the 

developer. One last phase is added, the management phase, where the property owner is 

responsible for the operation of the building. Each phase is categorized under a different name 

is described individually. The text later describes that the building process is a long and 

complex process. [5] 

 

 The idea phase 

The first step is the idea phase that represents the time between “sending in the idea” and 

“approval of the municipality”. The idea itself consists of a sketch with a brief description 

regarding its location, number of buildings and a section of the rights and obligations related 

to the situation. If the idea is accepted so far by the municipality, the municipality goes in on 

the consequence of the buildings’ impact towards the infrastructure, environment and 

technical question. In parallel to this, the developer responsible for the building has to make 

an assessment regarding the marketing costs, the feasibility and the finance. Lastly, the 

municipality and the responsible developer goes together into the risks, rolls, responsibility 

and a review of the planning phase. If all the above is accepted, the municipality approves the 

idea and the building process goes into the planning phase. [5] 

 

 The planning phase 

During the planning phase, the developer in responsibility prepares all of the required 

materials before being allowed to construct the building. The preparation involves multiple 

analyses revolving the market and technical aspect and multiple enquiries of the ground and 

environment. In addition to this, the preparation also includes an assessment of the projects 

risks, opportunities and lastly, the prerequisites of the economical aspect of the project.       

Meanwhile, the municipality creates a planning for connections, roads and a time plan for the 

planning phase. In cooperation with the developer responsible, the municipality accesses 

material for soil contamination, sound levels, risks, daily water and environment values. 

When the preparations are completed, the municipality holds a meeting with the developer in 

responsibility and other people interested or affected by the planned building. In the meeting, 

there’s possibility for new solutions and effects from different perspectives. When everything 

is done regarding the planning phase there’s a time period of four weeks for the current 

planning to be approved, if no one affected is complaining during this time period, the 

planning can be approved and moves towards the third phase. [5] 
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 Petition towards the construction of the building phase  

In the third phase, the current developer responsible for the building sends in a petition 

towards the municipality to start the construction of the building. The municipality checks 

thoroughly the petition, the aesthetics of the building and the placement of the building from 

different perspectives. These perspectives contain the height of the building compared to the 

ground and surrounding buildings, the angle of the ground and the buildings’ health 

requirements. The municipality also checks the accessibility of parking lots, inside the 

building and potential outside area for entertainment. While the municipality is looking 

through the above, the responsible developer completes the prerequisites and actions for the 

project. This contains starting agreements regarding connections for internet, energy, water 

and drain, broadband, telephones and television. The prerequisites and actions also contains 

adjustment and completion of the budget for the construction, while starting the marketing 

and deciding the sales’ starting point. When the petition is approved, the municipality sends 

out information regarding the requirement for the city, while the developer in responsibility is 

finalizing the project and the construction phase begins. [5] 

 The construction phase 

In the construction phase, the current responsible person holds meetings with future customers 

and renters and performs delivery controls of the materials for the building. When the 

building is constructed, the person sends in a petition of end clearance to the municipality. 

During the construction of the building, the representatives from the municipality visits the 

working place to see that everything is in order decides if the end clearance petition will be 

approved. When the petition is approved, the building can be used for its intended reason and 

the follow-up phase begins. [5] 

 The follow up phase 

During the follow-up phase, the current developer in responsibility requests  

environmental certification, verifies energy usage and performs radon measurements in the 

building. The developer in responsibility also performs resident surveys and warranty 

inspections. The municipality also follows up if there are any points left that are not done in 

the planning, which can be for example the energy usage of the building.  [5] 

 Management phase 

In the management phase, the property owner is responsible for the building. This includes 

rental services, building maintenance and keeping all systems working. During this phase, the 

property owner can use invoices as energy follow-up and see how the building is performing. 

[24]   
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3.3 Known problems 

It is known that the real energy consumption is commonly higher than the calculated energy 

consumption. Additionally, some research has been made to find out where and why these 

faults, that lead to higher energy consumption, occur in the whole building process. This 

chapter will include the results from studies made about higher energy consumptions, their 

possible reasons and solutions. 

 

 Difference in calculated and real energy consumption 

From the report “From calculation to reality, Differences in energy consumption”, Persson 

tries to find the reasons for the difference between calculated and real time consumption in 

terms of energy. The study focuses on two separate buildings constructed by the house 

building company “ByggVesta AB”. For these two building, the energy consumption was at 

least 30% higher compared to the calculated version. Persson describes that the three major 

reasons behind this difference is the calculation being too simple, inefficiency in the building 

process and commissioning. According to the report the calculation for the building doesn’t 

match with the building as the building changes throughout the building process while the 

calculation itself doesn’t. Furthermore, Persson also describes that the method for the 

calculation also has a big impact. From the building process perspective, the report describes 

that there’s a vast majority of changes throughout the process. Meanwhile, the responsible 

individuals for these changes don’t always have the required knowledge to understand the 

consequences of these changes. As for the commissioning part, Persson suggests that it can be 

improved by having routines and better tools to lower differences between calculated and real 

time consumption for energy. Lastly, the report focuses on cost effective solutions for these 

impacts and describes that the presence of a person with an energy perspective and good 

knowledge can change the outcome drastically during the planning and construction phase. 

Furthermore, the safety margin for the calculation needs to be greater and the measurements 

should be performed separately in each building to decrease the difference. [6] 

 

Another major factor in the energy consumption of a building is the user of the building. The 

report “The users impact on energy consumption in ZE-buildings” shows that the energy 

consumption is highly individual and the difference between users can vary quite 

significantly. User behavior can greatly affect the energy used for heating, since differences in 

preferred in-house temperature and use of domestic hot water is highly individual. It also 

shows that the energy consumptions is hard to predict on a small scale since a few number of 

apartments and users shows a bigger spread in energy consumption. However, data from 

houses with higher number of apartments and users shows that the spread narrows down with 

the increasing number of apartments and users, thus makes it easier to predict the energy 

consumption. The report presents data from different locations in Sweden, which shows that 

the spread in yearly household electricity use in two-apartment buildings was 10 kWh/m2 

compared to a sixty-four apartment building that showed a spread of only 3 kWh/m2. The 

same pattern is also found in domestic hot water use where the spread were 15 kWh/m2 in 

two-apartment buildings and 5 kWh/m2 in sixty-four apartment buildings. [25] 

 

From the thesis work by Itai Danielski titled “Energy performance of residential buildings”, 

Danielski writes about the difficulties between the projected and evaluated energy 

performance and the impact of the buildings’ design affects the energy efficiency and social 

interactions. In the result, Danielski found out that there was significant difference between 

the calculated and measured values in the Stockholm program case study and the Detached 

houses (Röda Lyktan) case study. [26] 
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In the “Röda Lyktan” case study, two apartments were investigated and the difference 

between the calculated and the measured was different in space heating, domestic water 

heating, household electricity and auxiliary electricity. In total, the measured energy usage 

was 28% respectively 33% higher for the two households than the calculated values. In figure 

1 there’s summary of the difference between the calculated and the measured energy usage 

for each respective energy flow. 

Figure 1: The projected and monitored final energy demand by energy type of the two apartments in the 

Röda Lyktan project. [26] Reprinted with permission 
 

The Stockholm case study consisted of 77 construction projects that were researched and 86% 

of the buildings should have had similar values with the calculated values, but only 18% of 

them actually did. See figure 2 to see an overview of the difference between the calculated 

and measured energy demand. [26] 

Figure 2: The modelled and monitored specific final energy demand of apartment buildings in 77 

construction projects that participated in the Stockholm program. Each value represents an average value 

of all the apartment buildings from the same construction project. [26] Reprinted with permission  
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 Faults in the building process 

The report “Operation and Energy follow-up” written by Per Kempe in 2016 presents many 

known problems regarding operation and energy follow-up. As other reports used in this 

thesis presents, many housing projects shows a higher energy consumption in reality than the 

calculations predicted. Although buildings in Sweden are often built with well-built walls and 

good insulation to ensure a good energy performance in our cold-climate conditions, too little 

time is spent in optimizing the systems regulating the indoor climate in the buildings. This, 

Per Kempe means, is one of many reasons that buildings have a worse energy performance 

than the calculated one. Buildings are often unique and built only once or a few times which 

means that no real experience of one certain building is applicable fully on other buildings. In 

addition with the user behavior and outdoor climate, which both can change the energy 

consumption significantly, the energy consumption is hardly optimal after the final inspection 

today. This points out the importance of optimizing the set-point values, which often are 

default-values from the get-go, for each individual building to reach as closely as possible to 

the optimal energy performance of the building. Per Kempe writes that this problem has its 

source throughout the whole building process and it is therefore important to keep the 

demands of verification, documentation and measurement in the early stages of the building 

process to make sure they come along throughout the whole process. [7] 

 

A study of a project with multi-dwelling houses in Stockholm, “Development of methods for 

commissioning and operation monitoring of installation systems”, showed big differences in 

the real and intended function of several installation systems. The examined houses was part 

of the Stockholm-project, executed in the 80s, which built six buildings to test different 

building methods and installation systems. The projects used improved already-used 

techniques in combination with new advanced technique. The buildings were later examined 

and the examination showed big differences between the real and intended function of the 

many installation systems. For this reason, a commissioning project was started with the 

intent to find out the faults behind the big differences in the functions of the installation 

systems. The faults was found with active commissioning, analysis of the gathered data from 

the six buildings and with gathering the opinions and thought of the residents in the buildings. 

Active commissioning with analysis and test is said to be the major reason to why the faults 

were found. The report presented the reasons to these faults where the three major reasons 

was in the projection phase, execution phase and material and component failures. 

Adjustments and operation was smaller part of the reason to the faults. This, the author 

means, shows that it is important to increase the prioritization of the installation and energy 

aspect throughout the whole project.  

The drawn conclusions from the author is for instance to raise the knowledge of installation 

systems and which part they play in the building and the energy performance. In addition to 

that, it is important to bring relevant, verifiable demands of function and how they shall be 

met and verified, bigger responsibility to the entrepreneurs about function and energy 

performance. Finally, after the final inspection the optimization of the system functions 

should begin and continue for twelve months to ensure a correct function of all the 

subsystems in the building. Per Kempe points out the importance to always assume that all 

building includes faults, to figure out how to minimize the number of faults and how to 

quickly find the faults – a philosophy applicable in many projects. [27] 

 

In another report from BeBo, “Glitches in the building process – Leaks in the energy system”, 

about faults in the building process which affects the energy consumption of buildings. The 

possible reasons to higher energy consumption is pointed out to be failures in installations 

systems such as heat and ventilation. The lack of systems and routines in checking them leads 
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to not knowing the building has an abnormally high energy consumption. The report 

examines buildings in three locations in Sweden; Malmö, Solna and Stockholm.  

In Malmö, several buildings in the project had between 30-50 percent higher energy 

consumption than calculated. The designers of the buildings calculated an energy 

performance of 120 kWh/m2 and this was later shown to be 141 kWh/m2 in reality. In Solna, 

the buildings had the same problem, higher energy consumption than calculated and too high 

radon values. In Hammarby Sjöstad, the building were designed to have an energy 

performance of 100 kWh/m2. The energy follow-up of the buildings showed energy 

performance of about 118 kWh/m2, but the variety was big and the energy performance 

fluctuated between 55-185 kWh/m2. However, 86 percent of the buildings had an energy 

performance over the set goal of 100 kWh/m2 .Additionally, there were found great 

differences in energy performance in buildings build by the same developer and a connection 

between high energy consumption and a denied or not made ventilation checking.  

 

The reasons to these differences in energy performance of the buildings are different in each 

case. In Malmö, the reasons to the high energy consumption was not established in the follow-

up. A deeper study however concluded that failures in installations were part of the reasons. 

These failures, according to the authors, should have been handle already in the projection 

stage but other failures connected to commissioning and maintenance were also part of the 

reasons. The installed features of heat recycling was also found out to be not working 

properly, the heat system was also under dimensioned and there were big differences in 

ventilation flows in the apartments. If proper adjustments was made to the different sub-

systems the potential of savings was great. Additionally the lack of measurement equipment 

made it impossible to measure different systems individually, which affected the calculations 

of the energy performance. 

In Solna, an attempt to lower the energy consumption of the buildings was made by installing 

FTX-systems - which reuses the heat in ventilation air from the building. This action showed 

an effect of decreasing the energy consumption of two kWh/m2 but with the result of lower 

radon values. One of many reasons for the problems with higher energy performance was 

established in the organization of the project, where many different entrepreneurs were 

involved with delivering of units and control systems and problems during the project was 

hard to solve due to this. 

In Stockholm, the drawn conclusion is that there is a great potential in increasing the 

efficiency in the energy systems, which requires a better optimization of the systems.  

 

The study presents three different reasons to the failure of reaching the intended energy 

performance in the buildings. They present the failure of the developers in three different 

categories: faults in projection phase regarding the building, heat, ventilation and electricity. 

Faults in building phase with not following drawings or other building faults. Lastly faults or 

non-made service of the systems controlling heat, ventilation and electricity. 

They conclude that in the study cases the energy consumption can be lowered with as much as 

fifty percent in certain cases if the optimization of the systems in the building is improved. 

The report also states that the general knowledge of energy efficiency and competence needs 

to be improved in boards and responsible personnel of commissioning. [8] 

 

The author, Per Kempe, also interviews several companies and persons who have insight and 

knowledge about the subject to hear out their thoughts and reflections about the building 

process and the energy consumption. 

The interviews brought forward the importance of commitment from the project board. The 

building board should be involved in the project during the warranty time, usually 5 years, to 
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take a greater responsibility about the commissioning. The problem today seems to be that the 

project is left as soon as it is finished, which leads to loss of experience. Faults in building 

documents also leads to building faults which is said to be result of lack of knowledge with 

regard to systems, their functions in the building and how they impact each other. Installation 

of systems are often brought into the project in the later parts, which could have the effect of 

non-optimal function and more expensive systems. Since there is often a set timeframe and 

the building phase often has delays the final phase of verification, testing and optimization of 

the different systems in the buildings are given less time before the buildings are taken in use. 

To prevent this and give better prerequisites for the energy and installation systems, these 

topics should be given a higher priority and focus throughout the whole project. When the 

projects is finished there are faults in the commissioning of the systems. Startup of the 

systems and ventilation could be made as late as one week before the final inspection, which 

means there is very little time to find optimal adjustments. Lack of details in the procurement 

data with regard to installation systems, their demands of function and how the functions can 

be measured and verified that they follow their intended purpose. This procurement data is 

later used in the final inspection, which turns into an installation control instead of a function 

control as the procurement data could be faulty. The final inspection is approved since all 

installments is done as agreed and if faults are found later the demand of responsibility of the 

entrepreneur is hard to prove. When the commissioning phase begins, the installation systems 

is considered to be working properly. The case seems to be that after a while the realization is 

that the systems are not working properly and requires fine-tuning to reach their optimal 

function. It is said to be common to have to spend several weeks to make sure the systems are 

working and communicating properly. [8] 

 

The report draws conclusions that the demands of function for energy and ventilation has to 

be a central aspect of the project, that good commissioning economy rises in priority and is 

part of the organization from the beginning of projects. Additionally the function demands has 

to be clearly defined and verifiable to ensure that they are easily verified at the final 

inspection. The entrepreneur, as a proposal, should also be responsible for the outcome of the 

buildings final energy consumption. Overall, the energy question should be involved closely 

throughout the whole project with competent and educated personnel in all parts of the 

process. [8] 

 

Another report, also written by Per Kempe, “Installation systems in energy efficient buildings 

– Pre study” also points on the importance of the focus on installation and energy throughout 

the process. He means that to be able to follow up the functions and energy performance it is 

important to, in the projection phase, determine how the function and energy follow-up should 

be made in the management phase. In addition, optimization of the functions should be 

included in the projection phase. The importance of optimizing the installation and operation 

systems in the building rises as the buildings get more energy efficient since the impact of 

faults in different systems has a greater impact in energy efficient buildings. Per uses the 

example of imbalance in ventilation, which could lead to low pressure in the building. Some 

areas in the building could get a higher energy demands as air leaks through walls that gives a 

result of low pressure in the building. In the projection phase, the operational follow-up 

system should also be determined and how measurements should be made. The systems 

should be in use for some weeks to gather values. The values can later be used in the final 

inspection to verify the function of the systems. Additionally, if the measurement system 

works, the optimization of the building systems can start immediately after the final 

inspection since the logging of data from the system is working from the beginning. The 
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optimization of systems is optimal to make during a time period where both winter and 

summer are included to be able to find settings optimal for both conditions. [15] 

 

In the journal article “Measurements of energy has usually a low standard” Ingar describes 

the problems of the low amount, placement, usage and connections with measurement 

equipment for measuring the energy usage. In the article, Catarina Warfvinge from “Sweden 

Green Building Council” was interviewed and described that having one meter for three 

respective buildings isn’t unusual and makes it challenging to record energy usage for each 

building. Catarina also says it would be better to decide placement of the measurement 

equipment in the planning phase and another reoccurring problem is that the person 

responsible for the measurement equipment forgets to start it when the building is completed. 

[28] 
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4 Methodology 

In the following chapter follows the choice of methodology, the method for the work and its 

criticism. 

4.1 Literature study 

The project started out with a literature study to give the required knowledge to understand 

the subject and its’ problems. This was made to make it less challenging to achieve a mutual 

understanding in the upcoming inquiries. The literature study was executed to achieve a 

deeper understanding of the building process that is performed currently. The study also went 

through the Swedish laws regarding the energy perspective such as the energy consumption 

limits. Lastly, the literature study contains multiple reports regarding the difference between 

the calculated and the real time energy consumption, while also looking at the energy 

consumptions’ affection by the human behavior. In the book “Metod för teknologer” 

Blomkvist and Hallin describes a literature study as identifying, reading the material and 

lastly summarize the material. [29] Primarily, the information for the literature study was 

gathered from the BBR and multiple different reports regarding the building process and 

energy consumption. 

 

4.2 Inquiries 

When the literature study was executed, multiple inquiries were sent out to all respective 

advisors regarding energy in all respective municipalities in Dalarna. The inquiries were also 

sent to a few selected municipality owned companies. The structure of the inquiries consisted 

of six questions with specific follow up questions to respective question. The layout of the 

inquiry can be seen in the appendix. In the book “Metod för teknologer”, Blomkvist and 

Hallin describes the survey methodology is to find a general answer from different 

respondents with relevant questions related to the goal of the thesis work. [29] As the distance 

between each municipality is great, the choice of inquiries was more relevant than for 

example interviews. 

 

 Selection 

The selection of respondents were performed by keeping the selection relevant to the goal of 

the thesis work. The chosen respondents can be considered experts in the subject and used to 

answer similar questions in the past. The inquiries were sent out individually to each 

respondent through e-mail with a brief introduction to the subject and, if possible, send related 

material that would be beneficial towards the thesis work. 

 

 Analysis 

When the answers were sent in, the answers were checked manually by the authors for each 

inquiry and later was compared with each other to find out the differences between each 

municipality. The answers from the inquiry became the main base for the result part of the 

thesis work. 
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 Criticism  

The respondents are assumed to be engaged and willing to share information regarding the 

subject and the questions as the inquiry itself was not mandatory. A general understanding of 

the subject cannot be achieved, since only half of the chosen respondents answered.   
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5 Result / Inquiry Studied object 

Questions was sent out to the different municipalities in Dalarna to find out how they work 

with energy follow-ups in regular, which methods and processes they use and how they 

cooperate with other companies or municipalities. Questions was sent out to all municipalities 

in Dalarna, Sweden and two companies. In Dalarna there are 15 municipalities and nine 

municipalities was asked, since in some cases one person is an energy consultant in several 

municipalities. Both companies and two of the asked municipalities answered. 

The municipalities act as permit administrators and the companies’ acts as property managers. 

The question sheet can be found in the appendix. 

 

5.1 Answer summary 

How do you work with energy follow-ups? 

Which routines do you have? 

 

In municipality A, the routine regarding energy follow-ups is with regularly made follow-ups, 

which is part of their operation process. A web-based system is used for energy follow-ups 

and an additional tool for energy follow-ups is provided from the municipality-owned energy 

company with data from their programs. Additionally control and monitoring systems, patrols 

and controls are used in the energy follow-ups. 

 

Company A says their routine for energy follow-ups is using monthly values from all of their 

owned real estates. Abnormalities in consumption is what is searched for and extra controls 

are made in those buildings with extra high consumption. Newly produced buildings or 

renovation objects with certain energy demands have, except monthly controls, deeper 

controls each year within the warranty time. 

 

In Municipality B, they are working after their energy and climate plan between 2012-2020 

[30]. In cooperation with the municipality owned companies the different goals set will be 

reached. The plan mainly follows the nation set rules and regulation from Energimyndigheten. 

Data is collected from bills and measurement equipment, which are gathered in an online 

energy follow-up program. 

 

 

Which demands do you have regarding energy follow-ups? 

Which values do you require? 

Do you require real or theoretical values? 

Which actions are taken if the acquis for energy follow-ups is not followed? 

What happens if the energy follow-up is not done in time? 

 

The demands regarding energy follow-ups in municipality A is that electricity, district heating 

and water usage is measured. Flow and the average cooling of the district heating water are 

also measured values. The energy follow-up demands real values. 

Company A demands values of heating, domestic hot water and building electricity in 

kWh/m2, yr. When building new buildings theoretical calculations are made which have to 

make a certain limit. This theoretical value are later examined and compared with the real 

consumption of the building. Since company A does not measure all the needed values in the 

real building some estimates/calculations has to be made, for example the water consumption 

is only measured in cubic meters in some buildings. Calculations to estimate the energy used 
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to heat the water then has to be made with the delta of the estimated cold-water temperature 

and hot-water temperature. Both theoretical and real values are hence used. 

Municipality B requires real values and uses energy statistics to reach the set energy and 

climate goals.  

 

Company A does not have an own set of rules regarding energy follow-ups. Since they have 

not failed in energy follow-ups once, there is no specific process. If the energy follow-up is 

not made during the warranty time, the possibility of helping within warranty is lost. 

Municipality B only replies that if energy follow-up is not made or agreed goals are not 

reached there will be consequences.  

 

 

Do the buildings make the energy demands? 

How do the energy consumption look before and after the energy follow-up? 

What happens if the energy demands are not met? 

 

Newly constructed buildings in municipality A usually meet the energy requirements. In 

municipality A, the theoretical consumption values are compared to the real consumption 

values in the new buildings. If the required energy demands are not met it is seen as a 

violation towards the contract and it is the responsible entrepreneur to make sure that the 

energy requirements are met, with own resources. 

Company A always makes the energy limits set by the BBR and has not once not made the 

requirements. Discussions has been made with entrepreneurs when their own requirements 

has not been met. 

The energy requirements set by municipality B are lower than the requirements of the BBR. If 

the requirements are not met or the energy follow-up is not made as agreed, there could be 

repercussions in form of a legal process or fines. Normally however the energy requirements 

are met. 

 

 

Is there any cooperation with other municipalities/actors regarding energy follow-up? 

How do this cooperation look? 

 

Neither municipality A, municipality B, company A nor company B is cooperating with other 

companies or municipalities concerning energy follow-ups. Municipality B was earlier part of 

a now finished project where energy statistics was gathered with the intent to compare e.g. the 

energy consumption of preschools. 

Company B hires when needed certified energy experts to make independent calculations.  

 

 

Additional comments: 

Company A describes the problem today regarding energy follow-up and the energy question 

in the building process as; “it is not established in the line of business what to be measured, 

who is responsible and coordinated that it is correct measurement on the right things. Except 

the electricity, water and heat that you have to pay for”.  
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6 Discussion 

The following chapter contains the topics result discussion, method applicability/sources of 

error, study applicability and proposals of future work. 

6.1 Result discussion  

If we compare the answers from the municipalities and companies that answered our 

questions, we can see that the insight about energy follow-ups seems to vary a bit. Some 

energy advisors in the municipalities answers that they can´t answer our questions and refer to 

others who might answer them, which indicates that the insight in the energy follow-ups is not 

that great in some municipalities or that this is not a subject they work with very often. The 

companies A and B provides better answers, which indicates that this is a more common 

subject in their work. As municipalities in Sweden have different population growth or 

reduction, the rate of building new buildings could be different in different municipalities. 

This could mean that the energy question in new buildings is not a frequently handled matter 

and the knowledge about it is not of acute importance in some municipalities. On the other 

hand, municipalities with high building rate, e.g. areas in and around Stockholm or other 

major cities in Sweden, should have a higher knowledge of the matter since new buildings are 

built very often as the cities grow. Studies however show, where many examines buildings in 

the bigger cities of Sweden, that the energy performance goals have not been reached even 

when the goal was to build energy efficient buildings. [6] [8] This implies that the knowledge 

is not even enough in these places, where new buildings are a common occurrence and there 

is a lack of knowledge how building should be made to be energy efficient. The cold climate 

in Sweden has made it of high importance to have well-insulated walls and a tight outer layer 

of buildings, so the knowledge of this is probably not the failure point. However, in recent 

years, as more advanced control systems are used in ventilation, water and heating systems, 

which all can play a huge part in the energy consumption of the building, the lack of 

knowledge of these systems and their part in the energy performance could be seen as a 

problem. As buildings are different and have different prerequisites the importance of 

optimization of control systems is great and could have a major effect on the energy 

performance of the building.  

 

The report “Glitches in the building process – Leaks in the energy system” shows that lack of 

knowledge leads to failures early on in the building process as optimal prerequisites for good 

energy performance is not given in the early stages of the process. Since many projects in 

house building are big, involves many actors and people, where failures in the early phases 

could have great impact as details in the building phase lays the ground for the rest of the 

project. The lack of knowledge of installation systems seems to result in no detailed plans of 

how the energy and system performance will be verified. [8] In big projects, under time 

pressure as the finalization date closes in, it is easy to make other priorities to make sure that 

the building is in presentable state and that energy and installation systems are at least 

running. Optimization and verification of the systems is easily pushed aside as they require 

extra time and resources. Since the management phase could last for one-hundred years after 

finalizing the building, and consumes the most energy of all phases, it should be of high 

interest, at least from the building owner perspective, to have optimal system setting to make 

sure that the energy performance is as low as possible.  

Since many actors are involved in the process, where their interests lie in different parts of the 

building process, it can be difficult to make them work for the same purpose. The building 

owner in the management phase should have an interest of low energy performance as it 

makes the management phase cheaper. The other actors, e.g. building developer or leased 
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companies, would have interests of only doing the ordered work as smoothly and quickly as 

possible with cheap costs to maximize profit. To get the different actors individually working 

for maximizing energy performance is hard, which is why a good planning is needed so that 

the energy performance is not compromised with the involvement of many different actors. 

 

With different interests, how should all the actors involved together take responsibility to 

ensure a good performing building? Whose responsibility is it if the building does not perform 

in energy performance as intended? Early in the building process, the building board lay the 

foundation of the prerequisites for the complete building. It can be argued that they have the 

responsibility to draw clear plans with detailed instructions for rest of the process to follow, 

where little room for deviations is left. The plans need to cover every aspect of the building, 

this requires good knowledge of all the involved systems in the building board. As lack of 

knowledge has been brought forward in studies, it seems to be one of the failure points in the 

early stages of the process. [7] Additionally, as results from the study of Stockholm-project 

from the report “Operation and energy follow-up” shows, about 30% each of the faults was 

found in the projection phase, execution and material failures. Weather it is the building 

company or faults in building plans that resulted in the failures in the execution is hard to 

distinctly tell, however it is highly likely that they both played their part. Failures in execution 

is hard to avoid, since we are all humans, but they can surely be minimized with good 

execution plans. [7] Since the failures result in a worse energy performance it uses more 

energy in the management phase, where the building owner gets a higher management cost. 

This cost is handed over to the habitants living in the apartments who have to pay for the used 

energy. Criticism about the fact that the building companies leave the projects as soon as they 

are finished and is not participating in the early commissioning of the building is heard in 

interviews. One proposal is that the building companies should participate for the warranty 

time, usually five years, in the management phase to contribute to the energy performance 

with regard to operation systems. [7] 

 

Perhaps there should be some responsibility for the building company to optimize the building 

they built, to make sure all systems work properly and optimizing them for ideal performance. 

This however requires that the entrepreneur communicates detailed and clear demands of 

systems and their intended functions. So both these actors has an important responsibility. 

This would also result in valuable experience for the building companies with optimizing their 

projects, as also in lowering the management costs, which means lower costs for future 

habitants. In “Sveby Energiavtal 12”, an agreement that the building owner and building 

company can use for the building performance. It implies that if the real energy performance 

does not match the agreed performance, the building company have to compensate the extra 

energy costs with an agreed sum per kWh. [31] However, this agreement is not standard and 

is only used if both parts wants to. Possibly, with more agreements like “Sveby Energiavtal 

12”, this leads to building companies taking more responsibility for the energy performance 

of the building. Either by involving the energy part more in the whole building process or 

participating more actively in the early commissioning phase of the building. With zero 

responsibly of the energy performance in the commissioning phase, there should be no 

interest from the building company to ensure good prerequisites for good energy performance 

since it increases their building cost. 

 

Additionally, perhaps it is important to include one final “actor” – the customer. What 

interests do the tenant or house buyer have? Henning made a study of how purchasers of new 

houses choose heating system, presented in the article “Making Energy Interventions more 

Effective: Situation, Interaction, and Precondition”. [32] In this study, different factors and 
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social interactions was examined to how the energy system choice was played out when 

customers ordered a new house. As often, the energy system is not the main focus from the 

customer’s perspective, since other details to make their new home personal seems to have 

higher priority. If assumed this study is somewhat applicable on apartments perhaps the same 

applies to tenant or apartment buyers. Customers of apartments of course want low costs of 

rental or commissioning but possibly other factors of the apartment building is considered 

more attractive, e.g. the apartments design or its placement and surroundings. Possibly, if one 

is allowed to speculate, the energy systems and performance are compromised by the property 

owner to focus on other attractive details to appeal to tenants. If customers raise the 

importance of energy performance, building companies will have to compete with better 

energy performances to attract customers. 

 

The rules and regulation about energy calculation and declaration, which are regulated in 

BBR and BEN 2, includes a lot of loose terms like “should be done” or “if it cost effective”. 

This leaves much room for interpretations about different situations which leads to possible 

assumptions with little connection to the reality. One can say that maybe the rules should be 

more clear and direct to avoid big differences in calculation and measurement execution. It is 

known in the line of business that an energy calculation is easy to manipulate to show wanted 

values. Perhaps this should be seen as a wakeup call that there is a need for more direct and 

strict rules and regulation about energy calculations, if we want to reach the intended goals, 

both in Sweden as in EU, with lower energy use in residential buildings. Additionally, as one 

respondent of our questions put it - “it is not established in the line of business what to be 

measured, who is responsible and coordinated that it is correct measurement on the right 

things. Except the electricity, water and heat that you have to pay for”, shows that 

measurements, which should be the base of all energy declarations, can be made differently. 

This means they can show different results and makes it difficult to define which one is 

correct and most reliable. Standardization is very important to ensure good quality calculation 

and that differences in calculations made by different people would be minimized, otherwise 

you can choose the method that shows the values you want. As Itai Danielski shows in his 

report the calculated values of energy consumption is very often lower than the real energy 

consumption. [26]  

 

Additionally, as measurements are important in the energy follow-up and declaration, the 

standard equipment used today, which are used by the companies that bill you for electricity 

and water, shows total incoming water or electricity. Sources of abnormally high water or 

electricity consumption can be hard to define with such measurements. Proper measurement 

systems with more detailed data is one, basic prerequisite for good quality energy follow up. 

Per Kempe points out in his report, “Operation and energy follow up”, monthly values shows 

the energy consumption but you do not understand why and the more detailed measurements 

are essential for understanding and finding solutions for possible problems. [7] 

 

6.2 Method applicability/sources of error 

The choice of inquiries was to cover great distances efficiently in the region of Dalarna and 

the problems that occurred was that few of the people that were asked actually answered. In 

multiple cases, the respective person did not answer or did not have time to answer the 

inquiry. One of the few recommended having multiple alternative answers in boxes you could 

tick in, but we believed that it would be challenging to be able to use that type of material to 

our advantage in this subject. After this experience, we believe that a semi-structured 

interview with the selected respondents would be far more appropriate to both understanding 
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the subject itself and get satisfying answers towards our result. In addition to this, the 

questions could have been better elaborated, as the questions were written in a time when we 

had a lack of knowledge into the subject and the factor of time pressure. In our case, it would 

be better if we had an interview with an expert early on in the time schedule to get into the 

subject and in the end ask better questions in the inquiry. The amount of questions in the 

inquiry could have been lowered as well if we knew how to elaborate them, this in turn would 

have given a higher possibility of getting a better response rate in the end. 

 

6.3 Applicability of the study 

In terms of applicability, the study can contribute to the awareness to the different issues that 

has occurred from the study. For example, the issue regarding the responsibility, as energy 

follow-ups are a relatively new way of working, there is not sufficient enough laws regarding 

who should be responsible if something did not occur as promised. One example of this could 

be that the building company takes responsibility for not constructing a building under the 

BBR limits that was already impossible due to the energy calculation was wrong already in 

the planning phase. Another issue that could be promoted is the required education of 

different actors in the building process, as there were cases of respondents not understanding 

certain questions. For example, not knowing what would happen if an energy follow-up were 

not completed before the planned deadline. 

 

6.4 Future work 

The education is an important factor that we believe would affect both the quality and the 

effectivity in the building process. One future work could be to look into what kind of 

required education is needed for each actor to give the best possibilities for residential 

building in the future. There is also potential in comparing two roughly similar buildings, 

were one of them had an energy focus throughout the process and the other did not have an 

energy focus to see the impact of education regarding the energy perspective can have for a 

building in the process.  

 

Another future work could be to do a similar research as this thesis work but to focus on the 

entire country of Sweden and what the difference is between different regions in terms of 

energy follow-ups and the building process itself. 

 

One study could be to research what kind of new law implementations can affect the safety 

regulations of the buildings in the building process to achieve a feasible building from an 

energy perspective. Furthermore, how these implementations would affect other perspectives, 

for example, the economical perspective.    

 

The focus of other countries than Sweden could also be possible future works, for example 

comparing how energy follow-ups are treated and how the building process are performed. 

This in turn can also be about what we can adapt from other countries to improve the current 

situations for energy follow-ups and the building process, while also looking at the impact 

these implementations could affect from both the positive and the negative side.  
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7 Conclusions  

As the result was based on very vague and unclear answers that makes it challenging to 

conclude the results as facts. However, a few conclusions can be made and they are the 

following: 

 

 Companies and municipality are both utilizing web-based programs to store real, 

measured data that will be used as the base for the energy follow-ups in the future.  

All the respondents use online data of the real energy consumption from their buildings. At 

least there is a possibility to see deviations in energy consumption, which can be investigated 

further when needed to try to understand the reasons to this higher energy consumption.  

 

 

 There is a vague understanding regarding the consequences of not performing an 

energy follow-up according to the time plan. 

There is no clear indications of what happens if the energy declaration is not made in time. 

There are no outspoken penalties from the laws and regulations regarding energy declaration 

and follow-ups. This undermines the importance of energy declarations from a legal aspect. 

 

 

 There is no clear correlation on how or where measurements should be performed in 

detail except electricity, heating and water. 

Measurements are essential in energy calculations and declarations as they help with values of 

energy consumption. However, measurements can be done completely different and lead to 

different results. To ensure quality measurement and good results there has to be a common 

understanding of what and how to measure. 

 

 

 There is a lack of knowledge regarding the responsibility if something is not fulfilled 

according to the contract. 

The responsibility of energy performance is often not clearly defined. Usually, if there is a 

problem with the energy performance, the involved actors discusses where the responsibility 

should be placed. Contracts, like “Sveby Energiavtal 12”, makes it easier to act when the 

energy performance is not as agreed. 

 

 

 The general knowledge of energy in buildings needs to be improved for the different 

responsible actors involved in the building process 

Even if the intent is to build energy efficient buildings, the real energy consumption is still 

higher than the calculated energy consumption. As Per Kempe has shown in his studies, there 

are failures in planning and execution phase that affects the energy performance. Actors in the 

building process should all understand the importance of the energy performance and the 

systems affecting it. Lastly, the commissioning of the different systems has to be given 

enough time to ensure functions and optimization of the systems. 
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 To ensure good quality energy calculations and declarations, there has to be a 

standard model for how they should be executed. 

The regulations regarding calculation and declarations of energy performance is not clear and 

direct enough. Energy calculations made by different people can often show different results 

which means that the results can be chosen by method. It is known in the line of business that 

you can make an energy calculation show what result you want. The rules should be stricter or 

there has to be a standardized method, which is used to calculate energy performance, so that 

deviations in results can be minimized. 

 

 

 Lack of measurement equipment provides poor data for energy follow-ups 

Measurement equipment are essential in energy follow up to give an understanding to why the 

energy consumption looks like it does. This requires proper measurement equipment with 

enough level of detail. The standard of today, where the equipment often only measure the 

total incoming electricity and water over a time period of one month, provides poor data for 

detailed energy analysis. Hourly and minute values provides better prerequisites for 

understanding high energy consumption. 
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