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Abstract

Why buildings’ energy use differ from expected values

Ida Eriksson, Lisa Pettersson, Sofia Stadler

The municipality of Uppsala together with eight constructors are currently planning a
sustainable residential area in Östra Sala backe. The aim of this report is to identify
the main factors that are important when calculating the specific energy use in an
apartment building. Two previous similar projects, Västra Hamnen in the city of
Malmö and Hammarby Sjöstad in the city of Stockholm, are studied and simulations in
VIP-energy are performed. Sensitivity analyses concerning the indoor temperature,
the efficiency of FTX-systems and the U-values of windows are also executed.

The simulations are based on information from the constructors of Östra Sala backe,
standard values and mean values from Västra Hamnen and Hammarby Sjöstad. The
results show that differences between the estimated and measured values in specific
energy use can reach about 50 %, or 25.2 kWh per m2 ATEMP and year, and that the
efficiency of the FTX-system is the most important parameter.
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Definitions 
ATEMP The area of all floors that is intended to be heated to more 

than 10° Celsius (National Board of Housing, Building and 

Planning, 2011). 

GFA Gross floor area. The living area usable for accommodation, 

wholly or partly above ground. This term does not include 

storage rooms, garbage rooms and other not heated areas 

(Swedish Energy Agency , 2013a). 

GTA Gross total area. The total area of the building, including the 

living area and all other parts of a building, such as storage 

rooms and garbage rooms. 

Specific energy use The energy use of the building divided by ATEMP. The unit is 

kWh per m
2 

ATEMP and year (National Board of Housing, 

Building and Planning, 2011). 

Total energy use The energy use, including the household electricity, of the 

building divided by ATEMP. The unit is kWh per m
2 
ATEMP 

and year. 

Property electricity Electricity that is related to the needs of the building, for 

example lightning of public areas, pumps and fans (National 

Board of Housing, Building and Planning, 2011). 

Household electricity The electricity that is used for household purposes, for 

example the electricity use for dishwashers, washing 

machines, stoves and fridges (National Board of Housing, 

Building, and Planning, 2011). 

Thermal bridge  A detail in the construction where a material with poor 

thermal insulation is connected to a material with good 

thermal insulation (National Encyclopedia, 2013). 

U-value The amount of lost heat per square metre at a difference of 

one degree Kelvin between the indoor and the outdoor 

temperature (Swedish Energy Agency, 2013b). 

BBR A set of regulation regarding buildings set up by the National 

Board of Housing, Building and Planning 
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1. Introduction 
Energy systems are fundamental for human activities. The environmental impact of 

some of those systems, such as emissions of greenhouse gases and ecosystem 

degradations, is however significant (Dodoo, 2011). The world population is currently 7 

billion people, and it is expected to exceed 9 billion by 2050 (United Nations, 2011). In 

order for all people to have the same standard without jeopardising the environment, the 

energy consumption must be reduced. 

Due to the critical situation, the European Union has formed environmental goals that 

should be reached by 2020. Two of the goals are to improve the energy efficiency with 

20 %, and to increase the share of renewable energy to 20 % (European Commission, 

2012). Each member state has formed national goals in order to achieve a sustainable 

development (Wade et al., 2011). In Sweden, about 39 % of the total energy 

consumption is consumed in buildings and by the building sector. Almost 60 % of this 

energy is used for space heating and domestic hot water (Swedish Energy Agency, 

2010). 

Uppsala city is expanding rapidly and the need of dwellings increases. To manage the 

migration rate, the expansion of the city and the current environmental issues, Uppsala 

municipality has decided to build a sustainable residential area in Östra Sala backe. The 

purpose of the project is to create a coherent urban structure with a distinct 

environmental profile. The municipality of Uppsala wants the project of Östra Sala 

backe to become a role model for similar projects, with high ambitions regarding 

climate friendly solutions and a life-cycle perspective (Uppsala municipality, 2010). 

Due to the fact that the energy consumption needs to be decreased, and that the building 

sector in Sweden constitutes a large part of the Swedish energy use, it is important to 

investigate the possibilities of minimizing the energy use in buildings. Sustainable 

residential areas have previously been built in Sweden, two of those in Västra Hamnen 

in Malmö and Hammarby Sjöstad in Stockholm. In both projects the ambitious goals for 

the building’s energy use were not reached. By revising the previous projects and learn 

from these, the municipality of Uppsala has the vision that Östra Sala backe should 

become the most successful sustainable residential area in Sweden as yet. 

1.1 Aim of the report 

The aim of this report is to identify the main factors that are crucial to why the energy 

use of a building may differ from expected values in the construction planning. This is 

performed by analysing two previous projects concerning sustainable residential areas 

in Sweden and comparing the results with the expected values for energy use for Östra 

Sala backe. In order to do so, simulations and sensitivity analyses are executed, where 

the values of the main factors are varied. The aim is also to compare the calculated 

specific energy use with restrictions from BBR and Lågan and to discuss how the 

sustainability in a residential area can be improved. 
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The research questions are: 

 Which factors are identified as the main reasons to why Hammarby Sjöstad and 

Västra Hamnen did not reach their goals of specific energy use in buildings? 

 How could those factors affect the total and specific energy use of the buildings 

in Östra Sala backe? 

 How can the sustainability in a residential area be improved? 

1.2 Delimitations 

In this thesis a model of one building in Östra Sala backe is used as a reference for all 

calculations. The calculations do not consider all the different types of buildings that 

will be built in Östra Sala backe. The calculations only include parameters that affect 

the specific and total energy use in a building, and do not include other effects on 

sustainability such as car pools, public transportation or recycling. These complex 

topics are instead treated in the discussion in Section 8. When performing the sensitivity 

analyses three parameters are considered, efficiency of the FTX-system, indoor 

temperature and U-values for windows. All other parameters are disregarded.  

1.3 Disposition 

This report starts with information about the planning of Östra Sala backe and the 

project’s goals for sustainability. It continues by describing the planning and the results 

for the previous projects of Västra Hamnen in Malmö and Hammarby Sjöstad in 

Stockholm. This is followed by a section with descriptions of energy use in buildings 

and different labelling of low energy houses. Then the simulations and the data are 

presented before the results of the calculations and discussion sections.  
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2. Östra Sala backe - A future sustainable residential 
area 

This section provides a comprehensive description of the studied project and its 

sustainable profile. Background information about Östra Sala backe is provided along 

with the criteria for sustainability set for the area. 

Uppsala is a fast growing city and there is a big need for new residential buildings. 

Between the two city districts Fyrislund and Boländerna the new residential area of 

Östra Sala backe is planned, as seen in Figure 1. This area previously consisted of a 

wide power line street up until 2006 when the power line was removed. The removal of 

the power line created room for about 2 500 new housings in the area and the 

municipality also consider Östra Sala backe an opportunity to close the gap between the 

current city districts of Sala Backe and Årsta. Uppsala municipality wants to create a 

new unique residential district that focus on sustainability from ecological, economic 

and social perspectives. The ambition for the project is to become the most 

environmentally friendly residential area in Sweden. The project will also be a pilot 

project in environmental constructions and climate adaption (Uppsala municipality, 

2010). 

In order to achieve this, Uppsala municipality for example wants to install solar cells on 

the roofs of buildings, use environmentally friendly waste disposal, recycle heat from 

wastewater and build houses with low energy use. The infrastructure of the Östra Sala 

backe area will also encourage transportation by bike, public transportation or walking 

(Uppsala municipality, 2010). 

 

Figure 1. A map that shows were Östra Sala backe is located and a closer view over the 

area (Bakgrund, Uppsala municipality, 2013). 
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A commonly used definition of sustainable development is the one stated by the United 

Nations in the Brundtland Report: “development that meets the needs of the present 

without compromising the ability of future generations to meet their own needs” 

(United Nations, 1987). Sustainable development involves environmental protection, 

economic development and social well-being. In order to understand the definitions of 

sustainable development, the whole world must be seen as a system where actions in 

one part of the world affect another part, and where the actions of today will affect the 

world of tomorrow (International Institute for Sustainable Development, 2013). 

2.1 Sustainable vision for Östra Sala backe 

To support the planning, the implementation and the follow-up of Östra Sala backe, a 

variety of criteria for sustainability have been developed. The criteria have been set in 

collaboration between Uppsala municipality and the eight constructors who have 

obtained permission to build in Östra Sala backe. There are a few criteria set regarding 

climate and sustainable buildings, whereof two are shown below: 

 Östra Sala backe will be built sustainable and with a life-cycle perspective.  

 Östra Sala backe will be built to minimize the energy use in buildings and to be 

profiled towards energy effective technology. 

One outcome of these goals is a vision that the buildings will have a specific energy use 

of between 30 and 40 kWh per m
2
 ATEMP and year, and that renewable energy will be 

produced locally. Technical systems and concepts that support low energy consumption, 

such as heat exchange systems, will be installed. In order to achieve an international 

environmental label, the municipality of Uppsala aims to use an environmental 

assessment method called BREAAM (Hollinder, 2013). 

Eight building constructors have been hired to implement the construction of Östra Sala 

backe. The constructors now have a ground permit based on blueprints and plans for the 

construction of Östra Sala backe. All constructors listed estimations for the total and 

specific energy in the buildings and specified values for parameters such as domestic 

hot water, indoor temperature, property and household electricity and the potential use 

of building integrated energy utilization. Out of all the constructors, seven have listed 

the use of a heating exchange system, and three have stated that the system will have an 

efficiency of 90 %. In two of the applications the factor airing can be recognized, but it 

is possible that this factor is included in the specific energy use given by all constructors 

(Hamrefors et al., 2012). Table 1 contains the average values the constructors listed in 

the application to Uppsala municipality. 
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Table 1.The average of expected values for some parameters in buildings in Östra Sala 

backe (Hamrefors et al., 2012). 

Parameter Expected value 

Indoor temperature [° Celsius] 20.6 

Specific energy use [kWh per m
2
 ATEMP and year] 56.0 

Space heating [kWh per m
2
 ATEMP and year] 21.4 

Domestic hot water [kWh per m
2
 ATEMP and year] 23.5 

Household electricity [kWh per m
2
 ATEMP and year] 34.7 

Property electricity [kWh per m
2
 ATEMP and year] 12.9 

3. Energy use in buildings 
When calculating the energy use in buildings, several parameters must be included. 

Some of these are shown in Figure 4. All the parameters that are used in the calculations 

in this thesis will be introduced in this section. Some requirements and environmental 

classifications that can be considered and used as references for specific energy use are 

also presented. 

3.1 Parameters for calculating energy use 

A range of criteria has to be considered when calculating the energy use of a building. 

Energy is added to space heating, domestic hot water and the use of electricity. Energy 

is gained from a heat exchanger, solar cells on the roof, solar radiation through windows 

and internal gain from human presence. Losses occur through airing and leakages 

through the building shell (National Board of Housing, Building and Planning, 2009). 
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Figure 4. All parameters included in the calculations (National Board of Housing, 

Building and Planning, 2009). 

3.1.1 Indoor temperature 

When estimating the energy use in a building, the expected indoor temperature must be 

considered. The lowest indoor temperature to achieve thermal comfort is 18° Celsius 

according to the National Board of Housing, Building and Planning. If the indoor 

temperature is unknown in the planning stage, 22° Celsius is recommended to be used 

for energy use estimations (National Board of Housing, Building and Planning, 2012). 

A survey performed by the Swedish Energy Agency shows that the average indoor 

temperature in apartments in Sweden is 22.5° Celsius (Swedish Energy Agency, 2007). 

3.1.2 FTX-system 

An FTX-system is an energy efficient solution, where the exhaust air is taken from the 

kitchen and the bathroom, and the supply air is lead to the bedroom and the living room. 

In the heat exchanger, the heat from the warm exhaust air is transferred to the cold 

supply air from outdoors (Swedish Energy Agency, 2011a). An illustration of an FTX-

system is shown in Figure 5. The efficiency of an FTX-system is usually between 75 

and 85 % (Energihuskalkyl, 2013), but there is one investigation indicating that FTX-

systems in apartment buildings can have efficiencies as low as 20  % (Andreasson et al., 

2009). 

 

FTX - 

system 

Domestic 

hot water 

Internal  heatgain 

Airing and and heat losses 

Space heating 

Property electricity 
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Figure 5.A FTX-system. The numbers in the figure show: 1. Supply air, 2. Heat 

exchanger, 3. Heated supply air, 4. Exhaust air and 5. Chilled Exhaust air (Swedish 

Energy Agency, 2011a). 

3.1.3 Internal heat gain from human presence 

When approximating the heat gain from human presence in a building, a mean value of 

80 W per person can be used. The average time that a person spends at home is 14 hours 

per day, and the number of persons living in different types of apartments can be 

estimated according to the figures in Table 5 (Sveby, 2012). 

Table 5.Recommended numbers of residents per apartment of varying sizes (Sveby, 

2012). 

Size of 

apartment  

1 

bedroom 

2 

bedrooms 

3 

bedrooms 

4 

bedrooms 

5 

bedrooms 

6 + 

bedrooms 

Number of 

residents 

1.42 1.63 2.18 2.79 3.51 3.51 

 

3.1.4 Airing and energy efficient windows 

Airing is a parameter that affects the energy use in buildings and relates to the resident’s 

activities. How much the residents air depend on what type of ventilation system the 

building has, how much wind the building is exposed to and the behaviour of the 

residents. Research show that airing has a large impact on the energy performance of a 

building and Sveby recommends that 4 kWh per m
2
 and year should be added to the 

specific energy use to represent airing (Sveby, 2012). 

When building a new house, windows with the maximum U-value 1.0 W per m
2
 and 

Kelvin should be used. Energy labelled windows with the U-value 0.9 W per m
2
 and 

Kelvin or less are the best windows available on the market (Swedish Energy Agency, 

2013c). 
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3.2 The National Board of Housing, Building and Planning 

The National Board of Housing, Building and Planning in Sweden has defined 

requirements that regulate energy performance, health, environment, construction and 

safety of buildings (National Board of Housing, Building, and Planning, 2013). These 

requirements for construction are compiled in a set of regulations called BBR. In order 

to decrease the energy consumption in Swedish buildings, regulations for specific 

energy use have been established. The National Board of Housing, Building and 

Planning uses three different climate zones that represent northern, middle and southern 

Sweden and the requirements for specific energy use differ depending on which climate 

zone the building is located in. The specific energy use for a new building in the 

Uppsala region, which is located in climate zone III, is 55 kWh per m
2
 ATEMP and year 

if the building uses electricity for heating and 90 kWh per m
2
 ATEMP and year if another 

source of heating, for example district heating, is used (National Board of Housing, 

Building and Planning, 2011). 

3.3 Labelling of low energy buildings 

There are many methods for labelling low energy buildings, both national and 

international. In this report classifications from Lågan and BREEAM are discussed. 

Lågan was founded in 2010 and is a five-year program aiming to improve the energy 

efficiency in buildings. It is partly financed by the Swedish Energy Agency and it is 

coordinated and administered by the Swedish Construction Federation (Lågan, 2013). 

Lågan has set up classifications of buildings, based on the BBR requirements: 

 Class A: Specific energy use 50 % better than the requirements in BBR 

 Class B: Specific energy use 25 % better than the requirements in BBR 

 Class C: Specific energy use better than or equal to the requirements in BBR 

(Lågan, 2013). 

BREEAM, BRE Environmental Assessment Method, is an environmental assessment 

method and rating system for buildings. BREEAM was first launched in Great Britain 

in 1990 and the method has spread all over Europe. There are now over 250 000 

buildings certified with BREEAM’s assessment ratings and more than a million 

buildings registered for assessment. The idea is to encourage designers, constructors and 

others to think about low carbon and low impact design, and to minimize the energy 

demands in buildings. The assessment uses measures of performance, which are set 

against benchmarks, to evaluate a building’s specification, construction, design and use. 

This gives a broad range of categories and criteria that represent aspects related to 

energy and water use, the internal environment, pollution, transport, materials, waste, 

ecology and management processes (Breeam, 2013). In order to simplify the 

certification of buildings in Sweden, the Sweden Green Building Council is currently 

working on the adjustment of BREEAM to Swedish conditions. The Swedish manual is 

expected to be released in 2013 (Swedish Green Building Council, 2011).  
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3.4 Building integrated energy utilisation 

In order to lower the net energy consumption in buildings, a building integrated energy 

system can be installed. There are different types of these systems, for example solar 

cells, solar thermal collectors or small-scale wind power mills. For building integrated 

energy utilisation, solar energy has proven much more efficient than wind power in 

order to lower the building’s energy use (Netterstedt, 2012). This thesis therefore only 

discusses building integrated solar energy systems. 

In solar cells, the sun’s radiation is transformed into electricity. When sunlight hits the 

solar cell a voltage occurs that sets the cell’s electrons in movement. The movement of 

electrons creates a current, which is lead from the solar cell by wires. The process does 

not need any fuel, it does not move and it is completely quiet. Another advantage with 

solar cells is that an installation can be integrated in the building and thereby generate 

electricity close to the user (Swedish Energy Agency, 2011b). In solar thermal 

collectors, the sun’s radiation is turned into heat when the sunlight hits a black, matte 

surface. The heat is transported by water or by a gas to a tank filled with water. The 

water in the tank is heated and transported to the hot water- and heating system in the 

building (Swedish Energy Agency, 2011c). Since Östra Sala backe most probably will 

be connected to the district heating system in Uppsala, and solar thermal collectors 

therefore will compete with this system, this thesis will focus on the use of solar cells 

and disregard solar thermal collectors.  

4. Previous Swedish sustainable residential areas 
There are a few already existing areas in Sweden with an explicit focus on sustainable 

development, like Östra Sala backe. Two of these projects will be presented in this 

chapter, Västra Hamnen in the city of Malmö and Hammarby Sjöstad in the city of 

Stockholm. 

4.1 Västra Hamnen 

Västra Hamnen is a residential area in Malmö containing the neighbourhood 

Flagghusen, an area with 17 buildings built by 13 different constructors. In 2004, when 

the decision to build Flagghusen was taken, the goal was to build sustainable dwellings 

to a reasonable price, and to create a sustainable city concept that would be possible to 

copy. When planning and building Flagghusen, the prioritized factors were to create 

dwellings with a healthy indoor environment, an effective use of energy and an effective 

use of resources. In order to reach these goals, four areas where prioritized: energy 

efficiency, choice of material, moisture fuse and biological quality. The different 

constructors chose different ways in order to reach the sustainability goals. One of the 

constructors chose to build a passive house and another chose to build a house that was 

energy self-sufficient (Hansson and Nordquist, 2010). 
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Estimations for energy use set for the buildings in the area of Västra Hamnen: 

 The energy use was set to a maximum of 120 kWh per m
2
 ATEMP and year, 

including the household electricity. 

 The maximum domestic hot water use was set to 30 kWh per m
2 

ATEMP and year, 

with the exception of the cases where an individual warm water measurement 

would be used. The value was then set to 21 kWh per m
2
 ATEMP and year. 

 The household electricity was set to 38 kWh per m
2
 ATEMP and year, based on 

the electricity use in the area of Västra Hamnen. 

 The indoor temperature was set to 22° Celsius, based on the mean value of 

apartments according to the National Board of Housing, Building and Planning 

(Hansson and Nordquist, 2010). 

The requirement for specific energy use from the National Board of Housing, Building 

and Planning is 90 kWh per m
2 

ATEMP and year for southern Sweden, but this number 

does not include the household electricity (Hansson and Nordquist, 2010). The rules set 

for Flagghusen are therefore stricter than the standard energy use limitations set by the 

National Board of Housing, Building and Planning, since the energy use excluding the 

target for the household electricity is 82 kWh per m
2 

ATEMP and year. 

A follow up of the energy use and indoor environment of the neighbourhood was done 

on behalf of Malmö municipality. The report shows that the energy use in all the 13 

dwellings was higher than the calculated values, and only one of the buildings had an 

energy use under the goal for total energy use of 120 kWh per m
2
 ATEMP and year. The 

mean value for the total energy use of the dwellings was 141 kWh per m
2 

ATEMP
 
and 

year (Hansson and Nordquist, 2010). Table 2 shows the calculated values and the mean 

values for the different components of the energy use. 

Table 2. The mean values of the calculated and measured values for the energy use of 

Flagghusen in Västra Hamnen (Hansson and Nordquist, 2010). 

Parameter Expected value 

[kWh per m
2
 ATEMP 

and year] 

Measured value 

 [kWh per m
2
 ATEMP 

and year] 

Percentage 

[%] 

Space heating and 

domestic hot water 

64.1 89.5 140.0 

Property electricity 5.5 19.6 353.0 

Specific energy use 69.6 109.1 157.0 

Household electricity 38.0 37.4 98.0 

Total energy use 107.6 146.5 136.0 
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The property electricity has the greatest difference between the expected and the 

measured values, which can be explained by the fact that the electricity for elevators 

and facility lightning was included in the measurements but not in the calculations 

(Hansson and Nordquist, 2010). Due to the difference in magnitude, the space heating 

and the domestic hot water have the greatest impact on the measured values compared 

to the calculated values. One reason to the greater use of space heating is that the indoor 

temperature was calculated to be 22° Celsius but the mean value found when measuring 

was 23° Celsius. Further reasons found were that the residents aired and that all the 

electricity used in the apartments was assumed to be assimilated as warmth. According 

to the Swedish Energy Agency, the assimilated warmth should be 70 % (Hansson and 

Nordquist, 2010). 

4.2 Hammarby Sjöstad 

Hammarby Sjöstad is an on-going residential area project in Stockholm that has 

received a great amount of attention for its environmental profile both nationally and 

internationally. The aim of the project is to market Stockholm as a city with high 

ambitions in the area of sustainable urban development and environmental technology. 

The area is still expanding, but the infrastructure and many of the houses of the area are 

completed (Brant and Pandis, 2009). Since the project of Hammarby Sjöstad started in 

1996, a range of environmental and operational goals has been developed. These 

include land use, waste treatment, building materials, energy supply, transportation, 

water supply and wastewater (Hammarby Sjöstad, 2009). 

Examples of operational goals regarding energy supply are: 

 The amount of energy supplied will not be more than 60 kWh per m
2
 ATEMP and 

year, whereof electricity 20 kWh per m
2
 ATEMP and year. 

 80 % of the extractable energy content in waste and wastewater will be used. 

 100 % of the energy supply will be based on renewable energy sources (Brant 

and Pandis, 2009).  

The energy use in the buildings is affected by several parameters. These include 

technical solutions, such as windows and insulation, and residential activities, such as 

airing, choice of indoor temperature and consumption of hot water (Brant and Pandis, 

2009). 

Evaluations of Hammarby Sjöstad show that the operational goals have been regarded 

as unrealistic and poorly supported by the construction companies. Some goals lack 

references and are therefore difficult to measure and interpret. Consequently, there is 

room for different interpretations of the goals (Brant and Pandis, 2009). Worth 

mentioning is that the energy group Stockholm’s Energy considered 120 kWh per m
2
 

ATEMP and year to be a realistic goal after investigations of the case, but despite this the 

politicians set the goal to 60 kWh per m
2
 ATEMP and year. Neither the energy group nor 
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the constructors were willing to make the extra investments to reach these lower goals 

(Green, 2006). 

Evaluations of the goals show the following results: 

 None of the buildings in Hammarby Sjöstad reached the goal for energy use. 

The average energy use lies between 142 and 165 kWh per m
2
 ATEMP and year. 

In some of the evaluated buildings the amount of electricity reached 40 to 50 

kWh per m
2
 ATEMP and year, which is more than twice the estimated amount 

(Brant and Pandis, 2009).  

 The domestic waste is treated in the same way as the rest of the residential areas 

in Stockholm, which means that 95 % of the waste is incinerated. 

 The energy supplier for the buildings in this area is Fortum, except for a few 

cases where solar panels are used instead. Fortum uses 78 % renewable energy 

in their district heating system. Electricity is provided by many different 

suppliers and by some local energy sources, such as solar cells, and is therefore 

difficult to calculate (Brant and Pandis, 2009). 

One evaluation of Hammarby Sjöstad shows that many parameters were incorrectly 

estimated. The most important parameters are presented in Table 3 and 4. Further, the 

expected efficiency of the heat exchange system was 90 % but the measured value was 

65.2 %, and in the estimations of the specific energy use airing was excluded. 

Table 3.The estimated values and the measured values in houses in the neighborhood 

Kajutan in Hammarby Sjöstad (Gärde, 2011). 

Parameter Expected value 

[kWh per m
2
ATEMP and 

year] 

Measured value  

[kWh per m
2
ATEMP and 

year] 

Percentage 

[%] 

Space heating  19.2 40.1 209.0 

Domestic hot 

water 

28.1 21.8 77.6 

Property 

electricity 

7.2 17.1 237.5 

Specific energy 

use 

54.5 79.0 145.0 

Household 

electricity 

33.0 23.9 72.4 

Total energy use 87.5 102.9 117.6 
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Table 4. The parameters included in the property electricity, both expected and 

measured, in Hammarby Sjöstad (Gärde, 2011). 

Parameter of property 

electricity  

Expected value 

[kWh per m
2
ATEMP and 

year] 

Measured value  

[kWh per m
2
ATEMP and 

year] 

Percentage 

[%] 

Ventilation 5.0 5.5 110.0 

Garage fan and electronic 

doors 

0.0 0.2 - 

Lights 1.3 8.7 669.0 

Elevators 0.9 0.9 100.0 

Pumps 0.0 0.9 - 

 

4.3 Summary of expected and measured values 

The bar graph in Figure 2 shows that the expected total energy use is 107.6 kWh per m
2
 

ATEMP and year for Västra Hamnen and 87.5 kWh per m
2
 ATEMP and year for Hammarby 

Sjöstad, and that the measured values are 140.5 kWh per m
2
 ATEMP and year and 102.9 

kWh per m
2
 ATEMP and year. Figure 3 presents the total energy use in Västra Hamnen 

and Hammarby Sjöstad divided into household electricity, property electricity and space 

heating and domestic hot water. 

 

Figure 2.The expected and the measured energy use in buildings in Västra Hamnen and 

Hammarby Sjöstad (Gärde, 2011, Hansson and Nordquist, 2010). 
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Figure 3. The total energy use divided into the three parameters household electricity, 

property electricity and space heating and domestic hot water (Gärde, 2011, Hansson 

and Nordquist, 2010). 

5. Simulations of the energy use in a building in 
Östra Sala backe 

This section presents the methodological approach used in this thesis. The construction 

of a building simulation model, calculations and simulations are presented. In order to 

calculate the specific energy use in buildings and perform sensitivity analyses, 

simulations are executed in the program VIP-energy. All data is presented in the 

Appendix. 

Since Östra Sala backe is still at a planning stage, there are no finished buildings to 

examine. Drawings of a house that will be built in the area, in the neighbourhood 

Knäckepilen, are therefore used in order to construct a model for the simulations. Based 

on the drawings, the size of walls, floors, roofs, windows and doors are estimated, as 

can be seen in Table A1. Assumptions are made that the house will use a FTX-system 

and integrate solar cells on the roof. By incorporating the corners of the building in the 

model, thermal bridges are taken into consideration.  

In order to estimate the amount of energy that can be extracted from solar cells, a few 

assumptions are made. To avoid losses due to shading and the fact that the roof has to 

be accessible for maintenance, solar cell panels cannot cover the whole area. Due to the 

angle of the solar cells, which is assumed to be 20-30°, about one third of the total roof 

area can be used for solar cells on flat roofs (van Noord and Paradis Ärlebäck, 2011). 
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The estimated amount of internal heat gained from human presence is calculated based 

on data from Sveby and the numbers and sizes of the apartments in the dwelling. In 

order to estimate the amount of household electricity that is used in the calculations, the 

number of different apartments, the number of residents and the average values of 

household electricity are considered. Those values are found in Table A2, A4, A5 and 

A6. 

5.1 VIP-energy 

VIP-energy is a program that calculates the energy balance in a building. The 

calculations include building material, building physics and climate factors, such as 

wind, temperature and solar radiation. Building physics include for example thermal 

bridges, air leakage and heat storage in materials. The software has twelve different 

climate zones, which enables it to simulate buildings located in different geographical 

places (Strusoft, 2009). The energy balance calculations in VIP-energy are based on an 

energy flow chart and a simplified version of that flow chart is presented in Figure 6. 

Only the parameters that are relevant for this thesis are represented in the figure. 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. A flow chart of relevant parameters used in VIP-energy. 

5.2 Simulating three different cases 

A model of a house that will be built in Östra Sala backe is created in VIP-energy. With 

this building shell as a starting point, three cases with different internal parameters are 

created. The parameters that are changed are indoor temperature, efficiency of FTX-

system and property electricity. The three different cases created are: 

Recycled hot water 
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 The Östra Sala backe case: Indoor temperature of 20.6° Celsius, efficiency of 

FTX-system at 90 %, property electricity of 12.8 kWh per m
2
 ATEMP and year. 

 The Previous projects case: Indoor temperature of 23° Celsius, efficiency of 

FTX-system at 65.2 %, property electricity of 18.4 kWh per m
2
 ATEMP and year. 

 The Statistics case: Indoor temperature of 22.5° Celsius, efficiency of FTX-

system at 80/70 %, property electricity of 19.3 kWh per m
2
 ATEMP and year. 

5.3 Performing sensitivity analyses 

In order to establish which parameters affect the specific energy use the most, 

sensitivity analyses are performed for the Östra Sala backe case. The analysis is based 

on information and data regarding the previous projects in Västra Hamnen and 

Hammarby Sjöstad. The parameters that the sensitivity analyses focuses on are indoor 

temperature, efficiency of FTX-system and U-value of windows. In order to analyse the 

variations of energy use when the indoor temperature increases from the assumed 

indoor temperature in Östra Sala backe, the temperature will be changed from 20.5 to 

24° Celsius. The efficiency of the FTX-system will be decreased from 90 % to 60 %, 

and it will further be modelled that the efficiency is lower when the outdoor temperature 

is lower than negative 10° Celsius. The U-values of the windows are not mentioned as 

reasons to the increased energy use in Västra Hamnen or Hammarby Sjöstad, but in 

order to investigate the impact of the use of windows of different U-values a sensitivity 

analyses is done where the U-value is increased from 0.9 to 1.3 W per m
2
 and Kelvin. 

5.4 Calculating the energy use 

The specific and total energy use of the building is calculated, in this report, by 

summarising all the parameters as seen in equations (1) and (2). 

                                                  (1) 

                               (2) 

 ESPECIFIC = Specific energy use 

 ETOTAL = Total amount of energy per square meter 

 EVIP = Energy use calculated in VIP-energy 

 EHOUSEHOLD = Household electricity 

 EAIRING = Energy reduced for airing 

 ESOLAR = Energy extracted from solar cells 

 EEXTRA PROPERTY = Property electricity that is not included in the calculations in 

VIP-energy, such as elevators and lights 



18 
 

6. Data for the building model and the sensitivity 
analyses 

Information, such as drawings and documents, regarding the planned buildings in Östra 

Sala backe is obtained from Anders Hollinder, energy strategist at the office of 

Community Development at Uppsala municipality. All other data is collected from 

published reports, publications from governmental agencies and web pages. 

The data for the calculations concerns amount of floor, roof, walls, windows and doors, 

number of people living in each apartment, amount of household electricity and energy 

that can be extracted from solar cells. This data, except for the solar energy, is entered 

in VIP-energy in order to construct the building model.  

All data is presented in tables in the Appendix section. All areas used when constructing 

the general model of a house is shown in Table A1, and the number of residents in the 

model is presented in Table A2. The amount of energy possible to extract from solar 

cells is shown in Table A3. In order to avoid too great losses due to shading, the whole 

area is not to be used for solar panels. The final calculated value for energy that can be 

extracted from solar cells on the roof of the building model and used in the house is 4.0 

kWh per m
2
 ATEMP and year. The amount of household electricity used in different types 

of households is displayed in Table A4. The household electricity used is calculated 

depending on the number of people living in the apartment. Apartments with three 

rooms or more were assumed to hold one family, while the one and two bedroom 

apartments were separated into households of single persons and of couples without 

children according to Table A5. The final result shows a mean value of energy use per 

square metre in the modelled house, which is to be seen in Table A6. 

  



19 
 

7. Results from the simulations and sensitivity 
analyses 

In Figure 7 the energy use for the three cases are presented. The specific and total 

energy use are 48.5 and 83.2 kWh per m
2
 ATEMP and year for the Östra Sala backe case, 

73.7 and 104.4 kWh per m
2
 ATEMP and year for the Previous project case and 64.2 and 

103.0 kWh per m
2
 ATEMP and year for the Statistics case. 

Figure 7. The specific energy use and total energy use for the three different cases. 

In Figure 8, the change in specific and total energy use is shown when altering the 

temperature. When increasing the temperature from 20.6° Celsius, which is the number 

used in the Östra Sala backe case, to 22.5° Celsius, which is the value used in the 

statistic case, the energy use increases with 3.6 kWh per m
2
 ATEMP and year. When 

using 23° Celsius, which is the measured value from the Previous projects case, the 

energy use increases with 4.6 kWh per m
2
 ATEMP and year. 
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Figure 8.The change in specific and total energy use when the temperature increases. 

Figure 9 and Figure 10 displays how the specific and total energy use in the Östra Sala 

backe case changes when the efficiency of the FTX-system decreases. In Figure 9 the 

efficiency is constant and in Figure 10 the efficiency is lowered by 10 units when the 

temperature outside the building is below negative 10° Celsius. If the efficiency is 

decreased from 90 %, as used in the Östra Sala backe case, to 80/70 %, used in the 

Statistic case, the specific and total energy use increases with 6.5 kWh per m
2
 ATEMP 

and year. If the efficiency changes to 65.2 %, as used in the values from the Previous 

projects case, the difference is 10.5 kWh per m
2
 ATEMP and year. 

Figure 9. The change in specific and total energy use when the efficiency of the FTX-

system decreases. 
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Figure 10. The graph indicates the change in specific energy use and total energy use 

when the efficiency decreases. In this case, the efficiency is lower when the outside 

temperature is low. 

As shown in Figure 11, the specific energy use is augmented when the U-value of the 

windows is increased. When the U-value of the windows is increased by 0.1W per m
2
 

and Kelvin, there is a change of energy use of about 0.8 kWh per m
2
 ATEMP and year. 

Figure 11. The graph shows how the specific energy use and total energy use differ 

when the U-value of the windows is increased. 
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8. Discussion 
In this section the research questions of the thesis are discussed and analysed.  

8.1 Västra Hamnen and Hammarby Sjöstad 

As seen in Figure 2 and 3 in Section 3, the measured values for the specific and total 

energy use in Västra Hamnen and Hammarby Sjöstad are much higher than the 

expected values. The greatest differences are found in the space heating and the 

property electricity, and the most significant reasons are that the indoor temperature 

turned out to be higher than estimated, the efficiency of the FTX-system was lower than 

expected and some parameters regarding the property electricity and airing were not 

included in the calculations. 

As seen in Figure 8, the indoor temperature is of importance and the energy use in the 

building model accumulates with about 2 kWh per m
2
 ATEMP and year for each degree 

that the indoor temperature is increasing. According to BBR, at least 22° Celsius should 

be used when estimating the energy use when the expected indoor temperature is 

unknown, whilst the Swedish Energy Agency estimates the mean value to 22.5° Celsius. 

The measured value in Västra Hamnen was 23° Celsius and there is thus a difference of 

2 kWh per m
2
 ATEMP and year to the BBR standard and of 1 kWh per m

2
 ATEMP and year 

to the Swedish Energy Agency standard. 

Due to the differences in energy use that follows an increased indoor temperature, it is 

important to make a good estimation. However, it is hard to predict the habits of the 

residents and it is thus difficult to avoid the variation of indoor temperature. One 

possible solution could be to install regulated heating systems, and thereby set the 

temperature to a fixed value. This might however not be appreciated by the residents 

since people might want different temperatures. It could also lead to the use of electric 

heaters and even though the specific energy use would be lowered, the total energy use 

would still be the same. Since the heating system will be connected to the district 

heating system, it would further be more environmental friendly to use the heating 

system than to use electric heating. Considering the human factor involved in the 

problem, it is hard to avoid or affect the energy use due to indoor temperature. A 

realistic estimation has to be done, and in order to reach the targets of the energy use the 

estimation should rather be higher than lower. Another example of human activities that 

was wrongly estimated is airing, which was not at all considered in the early 

calculations. Since Sveby recommends an additional 4 kWh per m
2
 ATEMP and year to 

the specific energy use it would have been reasonable to consider this parameter.  

The neglecting of parameters in property electricity, such as pumps and lightning, 

contributed to the differences in expected and measured values. The parameters were 

significantly underestimated or not at all considered, which led to a distinct increase in 

property electricity. The efficiency of the FTX-system in Hammarby Sjöstad was 

expected to be 90 %, but turned out to be 65.2 %, which had a significant impact on the 
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amount of space heating which increased with 22 %, which is 10.5 kWh per m2 ATEMP 

and year. There are several sources that indicate an efficiency of about 70 %, and one 

investigation shows efficiencies of 20-30 % for FTX-systems. It is therefore unrealistic 

to base the estimation of the specific energy use on an efficiency of 90 %. 

According to the simulations and calculations in this report, seen in Figure 7, the factors 

of airing, increased indoor temperature, increased property electricity and decreased 

efficiency of the FTX-system will generate an increase of 25.3 kWh per m
2
 ATEMP to the 

specific energy use of the modelled building. Figure 2 shows that the differences 

between calculated and measured values in specific energy use in Västra Hamnen and 

Hammarby Sjöstad reaches 39.5 and 24.5 kWh per m
2
 ATEMP and year. An increase of 

about 14.2 kWh per m
2
 ATEMP and year in Västra Hamnen can thus not be explained by 

the factors simulated in the building model. The measured values in Hammarby Sjöstad 

however are consistent with this report’s calculated values.  

Hammarby Sjöstad had the vision to use 100 % renewable energy, which was not 

achieved since the energy supplier Fortum only uses 78 % renewable energy. In 

Uppsala the municipality most likely will use Vattenfall’s district heating, and it would 

be difficult for the municipality to affect Vattenfall’s choice of energy sources.  

A problem when planning Hammarby Sjöstad was the fact that the municipality and the 

constructors did not have a mutual vision. The goals regarding specific energy use set 

by the municipality of Stockholm was dismissed as unrealistic by the constructors. The 

fact that the goals also lacked references and were difficult to interpret resulted in even 

more disagreements and confusion among the actors involved. The projects of Västra 

Hamnen and Hammarby Sjöstad illustrate the importance of including all actors early in 

the formulations of goals and to have distinct agreements, in order to avoid 

misunderstandings and unrealistic visions. These results show that it is of great 

importance to calculate and estimate the values of energy use accurate.  

8.2 Östra Sala backe 

As seen in Figure 7, the specific energy use for the simulated Östra Sala backe case is 

48.5 kWh per m
2 

ATEMP and year. Even though this is just an estimated value, it is quite 

consistent with the average value of 56 kWh per m
2
 ATEMP and year given by the 

constructors. In this simulation, all the important parameters are given the mean value 

of the figures listed by the constructors. When changing the same parameters to values 

measured in the Previous projects case, the specific energy use increases by 52 % to the 

value of 73.7 kWh m
2
 ATEMP and year. The goal of 56 kWh per m

2
 ATEMP and year will 

thereby fail by 32 %, or by 17.7 kWh per m
2
 ATEMP and year. The values in the Previous 

project case are based on measurements in completed buildings in Västra Hamnen and 

Hammarby Sjöstad and are therefore based on human behaviour. These values could 

therefore be more reliable. The same comparison is made on the Statistics case where 

all the parameters are based on statistics from Swedish households and 

recommendations from the National Board of Housing, Building and Planning, and in 
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this case the difference between the goal and the specific energy use of the statistic case 

is 14 %. The goal failed thus with about 8 kWh per m
2
 ATEMP and year.  

In order to achieve a Class A classification regarding the specific energy use in a 

building, the value must be less than 45 kWh per m
2
 ATEMP and year, and for Class B 

the specific energy use must be less than 68 kWh per m
2
 ATEMP and year. If Östra Sala 

backe wishes to become a sustainable residential area, a low energy use and a high 

classification is wishful. The original vision from Uppsala municipality was that the 

specific energy use should be 30 to 40 kWh per m
2
 ATEMP and year, and a class A 

classification could then be achieved. Due to the calculations and evaluation performed 

in this thesis, this target can be perceived as unrealistic. Since the average value given 

by the constructors, of 56 kWh per m
2
 ATEMP and year, was accepted by the 

municipality, the original goal should be considered abandoned. The Class A 

certification is thus not reached for any of the case studies, while Class B classification 

is reached for the Östra Sala backe case and for the Statistics case. The Previous 

projects case only reaches a Class C classification. 

The most important factor that is identified in this thesis is the efficiency of the FTX-

system. This is an issue the constructors should consider when planning the buildings in 

Östra Sala backe. Even though this parameter appears to affect the specific energy use 

the most, other parameters need to be taken into account as well. When changing the 

temperature from 20.6° Celsius, which is the mean value given by the constructors, to 

the more realistic value 22.5° Celsius, the specific energy use increases by 7 %. When 

planning for temperatures around 20 to 21° Celsius, the constructors indicates a lack of 

information as statistics clearly shows higher temperatures. When the efficiency of the 

FTX-system is changed in the same manner, from 90 % to 80/70 %, the specific energy 

use is increased by 13 %. The sensitivity analysis also compares different U-values in 

windows, as seen in Figure 11. However, U-values are proven not to have a large 

impact on the specific energy use and is therefore not of great importance in this 

context. 

One important part in developing a sustainable residential area is the formulations of 

goals. Recurring issues concerning goals in Västra Hamnen and Hammarby Sjöstad is 

that the goal of specific energy use is set without approval from the constructors and 

that some goals are actually impossible to affect. The municipality of Uppsala included 

the constructors early in the project, which gives good potential for an effective 

collaboration. Even so, the municipality must set up clear guidelines for the 

construction of Östra Sala backe so the visions of the project can be achieved. 

8.3 Improve sustainability in a residential area 

In order to build a sustainable residential area, more than sustainable buildings are 

required. According to Jan Wijkmark, chief of sustainability at White Architects in 

Stockholm, it does not matter how sustainable buildings are or how low the energy 
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consumption is, if the residential area is not planned for good, accessible public 

transportations and a good social environment (Köhler, 2011).  

In order to enable a lowered environmental impact, politicians and citizens have to use 

technical solutions that will provide resource and energy efficiency, in combination 

with a changed human behaviour. Two main paths to reach a sustainable development 

are to consume goods that are resource effective and environmentally friendly and to 

lower the consumption of goods in favour of resource efficient services (Statens 

offentliga utredningar, 2005). By extensive recycling, materials can be reused and the 

use of energy and primary resources can be lowered. Recycling can further decrease the 

amount of domestic waste in the world (SABO, 2003). 

One way to decrease the use of cars is to use carpools, which is a way of sharing cars 

among a group of people. People who have joined carpools show a decreasing car use 

and instead more often travel by bike, foot or public transportation, and companies that 

have introduced carpools have decreased their car use by 10 %. Carpools also have 

positive effects on accessibility, health, environment and it reduces the need for parking 

spaces (Trafikverket, 2006). 

Uppsala municipality has shown an understanding for this in the planning of Östra Sala 

backe and are preparing for accessible public transportation, a great amount of biking 

paths and other factors that are important when creating a sustainable residential area. 

Since the power line was removed the area has a lot of untouched land area where 

Uppsala municipality can build a completely new city district. The municipality of 

Uppsala strives towards a BREEAM certification for Östra Sala backe, which could 

provide an international acknowledgment and hopefully help Östra Sala backe to 

become a role model in sustainable building.  
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9. Conclusions 
After examining evaluations from the project of Västra Hamnen and Hammarby 

Sjöstad, this report shows the main reasons for not reaching the goals of specific energy 

use. Unrealistic assumptions in human behaviour were of great importance and 

therefore the energy used for space heating was underestimated. Parameters that 

affected the property electricity and the efficiency of the FTX-system were wrongly 

estimated. All this in combination led to a much higher specific energy use than first 

estimated. However, there are still large differences in expected and measured values in 

Västra Hamnen that cannot be explained by the parameters used in this report. It is 

therefore reasonable to assume that there are more factors that can increase the specific 

energy use that are not identified in this report.  

All these parameters are important to consider when planning the construction of Östra 

Sala backe. If making the same mistakes as in previous projects, the calculations of this 

report show that Östra Sala backe can reach a specific energy use as great as 52 %, or 

25.2 kWh per m
2
 ATEMP and year, higher than estimated. Further, it is of great 

importance to place the building in a larger context and to consider the possibilities for 

sustainable living.  
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Appendix 
 

Table A1. All data that is used when constructing the general model of a house 

(Hollinder, 2013). 

Parameter Area [m2] 

Windows towards southeast  218.0 

Windows towards northwest  212.0 

Windows towards southwest  40.0 

Windows towards northeast  59.0 

Walls towards southeast  1433.0 

Walls towards northwest  1433.0 

Walls towards southwest  227.3 

Walls towards northeast  227.3 

Doors towards southeast  55.0 

Doors towards northwest  59.0 

Doors towards southwest  29.0 

Doors towards northeast  29.0 

Roof, total  833.5 

Roof, for solar cells  619.0 

Floor, against ground  833.5 

Floor, ATEMP 5239.5 

Floor, GFA 3772.0 

Floor, GTA  6126.5 
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Table A2. The number of different apartments in the modelled house (Hollinder, 2013). 

Size of 

 apartment 

1 

 bedroom  

2  

bedrooms 

3 

 bedrooms 

4  

bedrooms 

6 

 bedrooms 

Number 6 30 16 8 1 

 

 

Table A3. Data and calculations for extracted energy from solar cells located in 

Uppsala (Andreasson et al., 2010). 

Energy extracted [kWh per m
2
 and year] 102.0 

Area [m
2
] 619.0 

Area of solar panel [m
2
] 206.0 

Energy extracted [kWh per year] 21 046.0 

Area ATEMP [m
2
] 5 240.0 

Energy extracted [kWh per m
2
 ATEMP and year] 4.0 

 

Table A4. Data for the amount of household electricity for different households in 

apartments (Zimmermann, 2009). 

Type of 

household 

Household electricity 

[kWh per household and 

year] 

Household electricity 

[kWh per m
2 
and year] 

Household electricity 

[kWh per person and 

year] 

Single person 1742 27 1742 

Family 3710  44 1187 

Couple 

without 

children 

2404  36 1202 
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Table A5. The proportion between singles and couples living in 1 bedroom apartments 

and 2 bedroom apartments in the modelled house. 

Apartment size Single person 

 [%] 

Couple 

 [%] 

1 bedroom 58 42 

2 bedrooms 37 63 

 

Table A6. The use of household electricity in different kind of households in the 

modelled house, and the mean value of the household electricity per square metre 

(Hollinder, 2013). 

Size of apartment Household electricity 

[kWh per m
2
 and year] 

GFA  

[m2] 

kWh and GFA 

1 bedroom 30.8 172.5 5 310.0 

2 bedrooms 32.7 1526.0 49 854.0 

3 bedrooms 44.0 1257.5 55 330.0 

4 bedrooms 44.0 691.5 30 426.0 

6 bedrooms 44.0 124.0 5 456.0 

Total 38.8 3772.0 46 376.0 

 


