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Abstract 

This Master thesis consists in a reduction plan for the energy consumption of 5 old residential 
buildings in Stockholm. To be reduced by 20% within 10 years, the current energy consumption 
will be analyzed. Analysis provides an efficient target for an accurate simulation. As well as 
measurements, the energy simulation of different possible solutions for energy savings will give 
an idea of the theoretical total savings, and thus a first plan. This plan will be completed by an 
economical analysis, to get a better idea concerning its feasibility, and finally enhanced by advices 
about people’s behavior.  
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1 Introduction 

 

Energy is nowadays one of the most important issues for both economical and environmental 
considerations. Facing a growing demand with at the same time of a rarefaction of new primary 
sources, the energy sector is at a critical period, where to ensure a cheap and safe supply became 
harder. The environmental impact has also become a critical issue, especially concerning the 
carbon dioxide emissions. 

 The production needs to have the lowest environmental impact as possible, but at one time, it 
becomes more efficient not to produce the energy which is not needed. On the economical side, 
it gets also more efficient to save money from energy savings. 

Energy saving appear consequently as an interesting solution, which is as well part of the 20-20-
20 goals for 2020, that also consist in having 20% of the primary production from renewable 
sources, and to reduce the amount of carbon dioxide emissions by 20%. To save 20% of the 
current primary energy consumption will get mostly economic benefits for the end chain 
consumer, like the board who asked for this energy project. 

The project was asked by the board of the BRF (bostadsrättsförening or housing society) 
Fredhäll in kungsholmen, in Stockholm. Carried out between September 2010 and April 2011, 
this master thesis aims to propose a plan for energy savings. It has been supervised by Jaime 
Arias, PhD at KTH, and by Linda Krondahl, in charge for the boards’ technological tasks.   

 

1.1 Goal 

 

The goal of that project is to establish a reduction plan for the energy consumption of the BRF. 
Compared to 2010 figures, the energy consumption may be reduced by 20% in 2020, reaching 
consequently one of the 20-20-20 goals concerning the primary energy consumption by 
improving the energy efficiency. The plan has to compare the different possibilities for the energy 
savings not only by reducing the consumption but also for the BRF to produce its own energy. 

Those possibilities may have another comparison than the only amount of energy saved. An 
economical analysis may compare the cost for the implementation as well as for the maintenance 
and help a decision maker to choose the most interesting solution. The economical comparison 
aims to give a return on investment time, saving money from the energy bill, and thus giving a 
payback. 

 

1.2 Methodology 

 

It is important to synthesize all those results to finally get to a presentation at the board’s yearly 
meeting, presenting the solutions and what they imply at the beginning of April 2011. 

This project handles with several different aspects of the energy consumption in the building. 
The methodology consists therefore in getting knowledge about how and how much energy is 
currently used. Subsequently, this information allows an evaluation of the possible energy savings, 
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from theoretical analysis to practical realization, which also includes an economical analysis to 
evaluate the financial feasibility for such a project. The current energy prices from the supplier 
will give the conversion between energy and economy.  

Every analysis will be carried out with the same considerations: the needs and requirements will 
be considered first, to get a draft idea of the situation and its context.  

Secondly the required output has to be defined; it is necessary to how it may be formulated and 
which content is interesting from that result in order to establish a clear objective to follow. This 
gives a clear idea of what should look like the result to be reached. 

After getting an objective, the inputs and initial conditions have to be identified to clearly 
delimitate the boundary conditions and limits of the considered system. Those inputs can be 
parameters as well, and their variation will afford knowledge about the behavior of the system. 

Defining which parameters vary, and how significant and large the fluctuation is, contributes to 
evaluate well the influence of those different parameters, to get a clear idea about the expected 
result. 

Then, possible solutions are simulated in order to get the result, as well as measurements have to 
be carried out to know the way how the energy is consumed. Those simulation and figures will 
give a rough result, to be analyzed in order to eventually know the amount of energy that can be 
saved, or the payback time. 

 

1.3 Plan 

 

After this introduction and presenting the BRF, its situation and its characteristics, a brief 
memento about energy consumption in buildings will be done. The project and its organization 
will be described likewise its schedule, to introduce afterwards the energy consumption of the 
BRF to analyze. The supplier will be introduced in a few words, and the figures for a yearly 
consumption will be given, commented, and analyzed. 

This will be done for every kind of energy input to be considered by the BRF. This analysis will 
eventually be synthesized and some key aspects will be underlined to get back to them later with 
further information.  

This information will for instance come from the simulation, to get an accurate model of the 
energy consumption in the buildings, and then to be able to simulate some changes for an energy 
saving point of view. The simulation results will be compared and analyzed, in terms of energy 
savings for the buildings, feasibility, and impact for the residents. 

Measurements are carried out in a similar way, to get feedback for the indoor temperature and its 
regulation, but also about the thermal leakages in the building, especially concerning a 
comparison between new and old doors, that have begun to be changed, but some old doors 
remain and allow this comparison. 

The feasibility study carried out under the economical analysis will for instance give a rather 
better idea of what can really be implemented, and what has to be prioritized. 

Since the energy saving policy is also part of our way of life, some recommendations may help 
people saving energy on their own. 
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The results will finally be discussed to get to recommendations for the action plan, finally 
concluded and synthesized.  

 

1.4 Timetable 

 

The project began in the end of September 2010 for seven months. The plan of this report 
follows the time schedule on the whole. 

Getting familiar with the buildings, its energy system, and the way it is built was the first thing to 
think about. After that, the energy consumption could be analyzed better, and offered an 
overview of the five building, regarding to the district heating and electricity consumption. Those 
figures were an interesting output to check if a simulation of the energy consumption for the five 
buildings was on good basis considering the accuracy of the model. The simulation part was 
therefore divided into two consecutive parts: the first part for developing the model and getting it 
accurate, and a second part to properly simulate the effects on the energy consumption from 
different changes in the building’s energy figures. 

 The model may give a theoretical amount of energy to be saved, but measurements have to be 
carried out to know exactly how much energy can be saved for some aspects. Then every 
possible solution has to be analyzed from the economic point of view, regarding to the 
investment cost, the payback time, and the feasibility of such a project. Those ideas must 
therefore be compared and presented to help the board to take its decision.  

Lastly, the time table ends by the redaction of the present report and of the different 
presentations. 
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2 Energy in buildings 

 

The energy is used in many sectors, and the buildings are just part of the residential one. 

The Figure 1 shows the repartition of the energy use in Sweden since 1970, per sector. 

 

 

Figure 1: Energy use per sector in Sweden 1970-2009 (TWh)1 (Energimyndigheten, 2010) 

 

The total energy use in buildings has decreased a bit since 1970 despite the global increase of the 
number of buildings. Because the other sectors have increased their shares, the percentage of the 
energy use in the residential & service sector has decreased. 

The Figure 2 shows the reparation per sector in 2009. 

 

                                                 
1http://webbshop.cm.se/System/TemplateView.aspx?p=Energimyndigheten&view=default&cat=/Broschyrer&id=
e0a2619a83294099a16519a0b5edd26f accessed on April 20th 2011 
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Figure 2: repartition of the energy use in Sweden per sector in 2009 

The residential & service sector is the most important one; a little bit more energy is used in that 
sector than in the industry. Both sectors represent 50% of the energy use in 2009. 

To focus more on the energy use in buildings, the following Figure 3 represents the energy usage 
in buildings in kWh/m², and the reduction goal for 2050. 

 

 

Figure 3: Energy usage in buildings in Sweden (kWh/m²)2 (Niklas.broddeskog, et al., 2011) 

 

It has been decided to reduce the energy use in buildings by 50% in 2050, with a -20% 
intermediate step in 2020. Since the figure is in kWh/m², even though the total amount of 

                                                 
2http://www.hallbarahus.se/download/18.77b8c5dd12c9fa0d13e80003682/%C3%85lidhemsprojektet+H%C3%A5
llbara+St%C3%A4der.pdf accessed on April 20th 2011 
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buildings has increased since 1970, the global energy efficiency of the building has been even 
more increased. 

The energy use in buildings contains two sources, the electricity and the heat. Concerning the 
apartment block buildings, the heat is in the majority of the cases provided by district heating and 
used to warm the building. 

The Table 1: Average repartition of the heat losses in buildingsTable 1 shows the average from 
several sources 3 (energiradgivningen.se, 2011) 4 (energimyndigheten.se, 2011) 5 (boverket.se, 
2011) 6 (fastighetsagarna.se, 2011) for the repartition of the heat losses in a residential building. 

Repartition of the heat losses in buildings 

Sector Ventilation  Walls  Windows  Roof  Floor  Water  

Losses 25%  25%  20%  10%  5%  15%  

Table 1: Average repartition of the heat losses in buildings 

 

Concerning the general case in the buildings, the ventilation and the walls have the greatest 
amount of energy losses. The windows are not so energy efficient, so their share in the losses is 
significant despite the smaller surface of the building envelop. The roof is in general insulated, 
and has only 10% of the heat losses through it. Not so much heat escapes through the floor. 

Warm water is also an important part of the heat losses, in average 15%. 

To save energy in an existing building, a diagnostic has to be done first, on the energy use in the 
building. After that, a simulation must model the energy use in the building. The possible energy 
saving solutions is then simulated in the model. The cost of the solution is studied. It is decided 
whether or not the project can be implemented. 

The academic lessons tell that the solutions to be implemented have a priority order: the first goal 
is to minimize the heating demand. The second is to minimize the electricity demand. The 
possible use of renewable energy source is studied. The solutions are controlled. The supplier can 
be switched. 

To decrease the energy demand, several factors can be studied: the behaviors, the control of the 
heating system, the lightning, the wall insulation, the roof insulation, the glazing of the windows, 
the ventilation possibilities for heat recovery, the way of heating, and the possibility to add 
renewable energy sources.  

                                                 
3 http://www.energiradgivningen.se/index.php?option=com_content&task=view&id=42&Itemid=32 
4 http://energimyndigheten.se/sv/Hushall/Din-uppvarmning/ 
5http://www.boverket.se/Global/Bygga_o_forvalta/Dokument/Sa_mar_husen/Om_ELIB/Elib_rapport_8_energi
sparpot_bost%C3%A4der_v%C3%A4rmebalans.pdf 
6http://www.google.se/url?sa=t&source=web&cd=9&ved=0CGAQFjAI&url=http%3A%2F%2Fwww.fastighetsag
arna.se%2FMediaBinaryLoader.axd%3FMediaArchive_FileID%3Dda21f044-5746-4dd0-9b43-
60ee2632019c%26MediaArchive_ForceDownload%3Dtrue&ei=08gBTvq3AofTsgbjiI2gDg&usg=AFQjCNFEzBQ
RhmtYjhXmDaZzeI7t5ytmZg 
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3 BRF Fredhäll 

 

3.1 BRF Fredhäll 

 

A BRF (for bostadsrättsförening) is a housing society which manages residential buildings and is 
part of a bigger cooperative association for housing, HSB. 

The project is carried out in Fredhäll, in kungsholmen, one of the islands of Stockholm. BRF 
Fredhäll on Kungsholmen is one of Stockholm's largest housing associations with nearly 800 
apartments and 57 offices and shops.  

 

 
Figure 4: Aerial view of the BRF, with the 5 buildings7 (eniro.se , 2011) 

 

The association's real estate consists of five houses erected from 1931 to 1933, and the 
appearance of buildings was classified as protected as an historical monument because of their 
characteristics. A total of more than 1000 people live there and are really attached to the ancient 
style of their buildings. This ancient style is the reason of the classification as protected but also a 
cause for energy leakages higher than the average. 

The five buildings are 18m wide and high and 120m long, the ground floor is occupied by 
facilities, and the others by apartments. 

The three oldest buildings do not have any mechanical ventilation whereas the two most recent 
have an exhaust mechanical ventilation. All buildings receive air from a split under the windows, 
and the ventilation is naturally made due to the pressure difference. 

                                                 
7 http://kartor.eniro.se accessed on April 20th 2011 
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3.2 Energy project 

 

At this spring's annual general meeting, on the basis of a previous decision made by the 
parliament, the Board received the following mandate: to develop an action plan with targets over 
the next 10 years, in order to reduce energy consumption by 20% compared with 2009 
consumption 

The energy taken into account is the common energy, it is to say heating and warm water, and 
electricity in common areas like corridors and laundries for instance. 

The project has to analyze the BRF energy usage and to develop a plan with possible energy 
saving issues which would be discussed, on the energy point of view but also on an economic 
prospective.  

 

3.3 Building characteristics 

 

The BRF buildings were erected in the early 1930ies. Those five buildings have similar 
characteristics. Their dimensions, less than 20m large and more than 100m long, is the most 
impressive similarity. 

The buildings have 4 residential floors, plus the attics, and are subdivided into 5 or 6 different 
parts. To each part, corresponds one entrance door, as showed with the Figure 5.  

 

 
Figure 5: View of the Briljantsmycket building, façade to the east 

 

All the characteristics for the buildings are available at Stockholm’s stadsbyggnadskontoret8, the 
office concerning the buildings in Stockholm city.   

Besides, the construction material is also the same, so called “lättmurtegel”, it is a common brick 
wall generally used for construction. The U-value taken from the original construction plans for 
lättmurtegel is 1.54W/m²/K. The floor in the attics is also in the same material, but not in the 
same proportions, so that its U-value is 1.7W/m²/, also taken from the construction plan. 

                                                 
8 http://www.stockholm.se/OmStockholm/Forvaltningar-och-bolag/Fackforvaltningar/Stadsbyggnadskontoret/  
accessed on April 20th 2011 
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According to the plans, the windows are common double glazed windows, with normal glass and 
normal frames, which gives a total U-value for the window of 2.9W/m²/K. 

The roof has just a light insulation layer; according to the IDA software its U-value is 
1.16W/m²/K. 

The doors, built at the same time are supposed to have a U-value similar to the one for the 
windows. 

Because the buildings are old, they are not so much energy efficient. Consequently, the losses 
factors for the thermal bridges and the ducts are supposed to be poor or typical. 

The 3 older buildings have not any mechanical ventilation system, the air is self conducted with 
the pressure difference. In the 2 other buildings, there is a mechanical ventilation, for the exhaust 
air. In all case, there is no mechanical ventilation for the air input. It is naturally ventilated 
through a small opening under the windows. 

Even though the ventilation is natural, a mandatory level of 0.35L/m².s9 (Boverket, 
byggavdelningen, 1995) has to be respected. To be sure, the figure of 0.4L/m².s is often 
considered for dimensioning a building. This last figure will be taken into account for pursuing 
the study. 

The BRF settles a control value for the temperature, which aims to be higher than 20°C. The 
control is made by the regulating curve for the heating demand, as a function of the outdoor 
temperature. 

The BRF has a centralized heat exchanger divided into two parts to provide heat and warm water 
to all the residents. The heat is supplied by the district heating. The temperature of the district 
heating is a function of the meteorological conditions. 

The apartments are very similar; they are either in the middle of a section or in the corner. 
Apartments in the corner of a building have a balcony. Some apartments in the middle of a 
building may also have a balcony.  

The Figure 6 is the plan of one typical section of building; the stairs are in the middle and give 
access to 8 apartments per floor. 4 apartments are “mid-section” apartments, whereas the 4 
others are “corner-section”. 

 

                                                 
9 http://www.boverket.se/Global/Webbokhandel/Dokument/1995/Sj%C3%A4lvdragsventilation%20handbok.pdf 
accessed on August 12th 2011 
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Figure 6: Typical section of a building, with 8 apartments per floor 

 

The typical apartment is considered to be furnished, with tables, sofa, bed, and wardrobe. It also 
contains the typical appliances. Thus, a fridge, an oven with stoves for the kitchen, a TV, a hi-fi 
system, and a computer are included. The radiators are under the windows; in the corner 
apartments, one smaller radiator is placed in the entrance. The bathrooms are also equipped with 
a towel dryer. 

The other considerations concern more the simulation and will therefore be developed in the 
next part, about the simulation and its characteristics. 
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4 Energy usage analysis 

 

The heating supply to the building and the invoice may be seen on the website10 (Fortum, 2011) 
and compared with the energy amount figures, noted down every opening day by the machinists. 
The invoices will later give the conversion rate saved energy and economic savings. 

The centralized heat exchanger shares the heat flow between the houses, and each house has its 
own heating device which shares the heat flow between the different radiators in the building. 

The temperature in the apartments, which has to remain higher than 20°C, is controlled by the 
temperature in the pipes for the heating flow. The domestic hot water temperature is controlled 
by the exit temperature from the taps. For both of them, the input temperature takes into 
account the fact that heat losses occur in the pipes. Those heat losses imply a higher input 
temperature. The value for the input temperature cannot be as high as possible because of 
economic considerations. It is indeed more expensive if the temperature in the pipes is too high, 
in comparison with a standard value. 

Furthermore, the parameter used to control the amount of heat to be delivered is the outdoor 
temperature. The colder it is outside, the more the apartments have to be heated. 

As a consequence of both last considerations, the amount of heat delivered by the heat exchanger 
is made up with a constant flow and a variant temperature. 

 On one side the flow has to be warm enough for heating the apartments and the water, and on 
the other side it has to be relatively cool to get the energy price as cheap as possible. Indeed for 
the same amount of energy used, the warmer the flow, the higher the bill.  

 

4.1 Energy usage figures for the input 

 

The different figures for the energy consumption in the buildings are taken from the daily list: 
every day, the machinists are noting down the energy usage figures. 

The figures are afterwards compared with the supplier data available on its website11 (Fortum, 
2011). The different measurements done concern first the outdoor temperature; this one is 
not available on the supplier’s website but is taken from a meteorological database12 (slb.nu, 
2011) and a manual local measurement with a thermometer, depending on what use it is for. 
More precision is given about this temperature in the measurement part. 

Besides, the temperatures at the inlet and at the outlet of the heat exchanger are measured. 
Those temperatures are measured in the pipes going to the buildings and after the radiators. 
The temperature difference is then calculated and the amount of power deducted from a 

                                                 
10  https://www.fortum.com/countries/se/foretag/energikonto/pages/kund.aspx accessed May, 15th 2011 
11  https://www.fortum.com/countries/se/foretag/energikonto/pages/kund.aspx accessed May, 15th 2011 
12 http://slb.nu/lvf/ accessed May, 15th 2011 
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simple mass flow calculation. An energy meter gives the total amount of energy measured and 
a difference gives the daily consumption.  

The same measurements and calculations are done for the hot domestic water consumption, 
plus another one to check that the tap water temperature is correct. 

The measurements are only done during opening days, and each amount of energy is 
calculated from a difference between two consecutive measurements. It was therefore 
necessary to have an approximation for weekends and holydays. Without more information, a 
linear approximation has been applied, being aware of its limitation in case of daily analysis, 
but also that the total consumption remains the same.  

Furthermore, an energy declaration has been carried out in 2009. It takes into account all the 
energy usage in a building. The result is presented at the entrance of each building and the 
average usage is 162kWh/m²/year. 

 

4.2 Heating and domestic warm water 

 

According to Figure 3, the energy usage for heating represents 60% in the houses. To make the 
buildings warm enough to have appropriate indoor comfort conditions is indeed one of the 
major factors for the BRF. They only have one parameter to achieve this: the temperature to 
settle in radiators.  

The settling for this parameter has to take into consideration all the losses between the 
centralized heating room and the apartments. It also depends on the outdoor temperature. 

The total heat demand for one all year, and for all the 5 buildings was approximately 7250MWh 
in 2009.  

The heat supplier has on its website a tool to plot the different heat consumptions for several 
periods. It was not possible to upload the data by itself, only the final graph in Figure 7 is 
available. 
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Figure 7: Monthly heating demand and forecast for the BRF for the period 2009-2011, supplier’s data. 

 

The heat demand is relatively similar from one year to another. The heating demand forecast for 
2011 is quite similar to the results for 2009 and 2010 because differences are mostly due to 
climate data. 

Figures and forecasts given by the district heating providing company for 2010 and 2011 are 
respectively 7500MWh and 7360MWh. Those figures are relatively similar and give a good basis 
for the annual consumption. This consumption can moreover be analyzed in its trends, as on 
Figure 8. 
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Figure 8: Daily heat consumption in MWh, for the year 2009, of the BRF. 

 

The Figure 8 shows a sinusoidal trend for the heat consumption. The heating needs are lower in 
summertime, since it is warmer. It remains however a basic heat consumption, which can be 
interpreted as the basic need for warming the domestic water.  

The needs in hot water can indeed be considered to be relatively constant, regarding to its 
relatively constant usage, and also to the amount of heat which is implied when the hot water 
consumption is whether increased or decreased. 

Furthermore, the average heat consumption is 20MWh per day. The colder months have higher 
daily heat consumption, often more than 30MWh/d, which is of course related to the cold 
outdoor temperature as it is shown on the Figure 9. 
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Figure 9: Daily heat consumption in MWh and outdoor temperature at noon (°C) for 2009 

 

Despite the outdoor temperature values which will be debated later, the trends are clear, to show 
that a cold outdoor temperature implies a more important need for heating, and consequently 
more important heat consumption.  

The cold winter has also some peaks for the heat consumption. A transition period can be 
noticed for April until June and during October, for both temperature and heat consumption, 
which confirms the correlation between the two parameters. 

This relationship between those two parameters is well shown by the characteristic curve 
between the supplied temperature from district heating (i.e. the heating power) and the outdoor 
temperature with the Figure 10. 
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Figure 10: Characteristic curve, temperature difference input/return in heating pipes as a function of the 
outdoor temperature (°C) 

 

The characteristic curve shows the need for a high heating power when the outdoor temperature 
is low (winter period) and the possibility for the buildings to be relatively “self powered” when 
the outdoor temperature is higher than 10°C (summer time). 

The energy consumption is different for the buildings, depending on the outdoor temperature. It 
is warmer in summer and colder in winter so the energy consumption is different. The yearly 
variation has already been shown.  

The focus can now be on the daily variation, and the different impacts for the heating demand. 
The parameters to influence the heating demand are the behaviors of the people, the appliances,  
the solar irradiation and the outdoor temperature. Taking the case of a summer day when the 
temperature is always higher than 20°C just let an influence for the people, since there is no need 
for heating the building, but only to warm the water for a domestic usage. 

The Figure 11 presents the outdoor temperature and the energy consumption for the BRF for 
one day in summer (a Tuesday) with a one hour long time step. 
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Figure 11: Outdoor temperature (°C) and energy consumption (kWh) for the BRF for one day in the 
summer 2010 with a time step of one hour. 

 

The outdoor temperature is always higher than the required 20°C. There is consequently no need 
for heating the building; the heating demand only concerns the warm water needs. The domestic 
water is warmed and then stored into tanks, to have flexibility for its demand. 

During the night, the people are asleep, thus they do not need hot water. The water starts to be 
warmed in the end of the night, to fill the tanks for the morning usage, and until people start 
using it when they wake up.  

The water is continuously warmed more or less during the day. The trend seems to be that after 
the peak in the morning, there is a slow decrease in the demand, until the evening when people 
are back home and need whether to cook, shower, or wash the dishes. 

The residents influence therefore the heating demand for warm water, with basically two peaks 
before and after the working time of the day, when the water has to be warmed up. 

It is also interesting to focus on a winter daily variation of the outdoor temperature, to observe 
the reaction of the building, its thermal inertia, already knowing the periods when water is 
warmed. 

The Figure 12 represents a cold winter day in 2010, with both outdoor temperature and energy 
consumption for one time step (here, one hour). 
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Figure 12: Outdoor temperature (°C) and energy consumption (kWh) for the BRF for one cold day in the 
winter 2010 with a time step of one hour. 

 

That day, the outdoor temperature is very cold, between -21°C and -12°C with an average 
temperature of -16°C. The coldest period is in the early morning between 6am and 9am. During 
the night, the temperature decreases a little; meanwhile the energy consumption is stable. 

When the coldest period starts the heating demand increases largely. The domestic hot water 
demand increases even more than in summer (see Figure 14) because the demand is higher: there 
are more people, and they need more water. Also the heat losses are higher because of the colder 
temperature. 

 This increase stops after that, when the outdoor temperature gets higher, then the energy 
consumed is a little bit lower. 

After that, the temperature remains constant for a while but it is time for the second peak for the 
energy consumption when people get back to work and increase consequently the energy 
consumption. 

The day ends with a higher temperature than when it began, and the energy consumption of the 
buildings slightly decreases after the evening peak, to a lower level than in the beginning of the 
day. However, despite the outdoor temperature varies significantly, it appears that the heating 
demand varies more due to the people’s influence. The second peak in the evening cannot be 
linked to the outdoor temperature. The first one was a combination of the heating demand 
characteristic and the need for warming up the water. 

 

 A comparison between two different days in winter, one cold and one relatively normal may help 
to know more about the actual influence on the outdoor temperature during one day. 
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The Figure 13 shows the comparison between that previous cold day, and a normal day in the 
same winter, with the same conditions as before. 

 

 
Figure 13: Outdoor temperature (°C) and energy consumption (kWh) for the BRF; Comparison between 
one normal day and one cold day, in the winter 2010 with a time step of one hour. 

 

The outdoor temperature during a normal day has been chosen below 0°C in average, without 
oscillations. It is relatively stable and constant. On the other hand, the energy consumption for 
the buildings appears to have the same behavior as during the colder day, with the same peaks, at 
the same time in the day, and with the same relative amplitude. 

The only difference between those two days is the average heating demand which is lower when 
it is less cold. 

The conclusion is that the outdoor temperature does not influence the heating demand during 
one day because of the thermal inertia of the building. The heating demand is mostly modified 
during one day by people’s behaviors. 

The heating demand has, to sum up, several influences, depending on the time scale; it depends, 
for the average, of the outdoor temperature, whereas the people influence its daily variation. 

The heat consumption figure for 2010 is considered to be the basis for the energy reduction plan. 

Another aspect is the warm water consumption. 

The water heating is a part of the heat consumption, but it is heated separately so it can be 
studied in a separated part. This part concerns indeed the domestic warm water. The heating 
process is the same, with a heat exchanger and a settled temperature.  

10

510

1010

1510

2010

-30

-20

-10

0

10

20

30

40

50

0 5 10 15 20 25

Energy 
consumption

(kWh)

T
em

p
er

a
tu

re
 (

°C
) Normal 

Temperature

Cold 
temperature

Normal power

Winter Power



-24- 
 

The difference is that the water temperature is not controlled by a variable, but by a constant, the 
need for a constant tap temperature of 60°C. The water should therefore be heated to prevent 
the heat losses in the pipes, mostly between the buildings. 

 The needs for domestic warm water have been supposed constants and this for several reasons: 
warm water is used for everyday life, like washing, cooking, and dishwashing. The total amount 
of people (more than a thousand) in the five buildings makes the impact of one single resident 
insignificant from a global point of view.  

The Figure 14 shows the average hot water daily consumption for the five buildings during 2009. 

 

 

Figure 14: Daily hot water consumption in m3 for the BRF in 2009 

 

The warm water consumption is relatively stable, unless people are in holydays, which happens in 
July. It can therefore be considered as constant, and confirms the everyday usage as a base for the 
heat consumption.  

Some measuring points appear too high for the hot water consumption for one single day, 
whereas the days after have a lower consumption. This can be explained by a reading mistake on 
the measuring device, since the level on that device keeps increasing slightly, day after day and 
finally gets back to the average value a few days later. 

During summer, the only need for heating is to heat the domestic water. Some people go on 
holiday, and that explains the hollow for the summer heat consumption curve (Figure 8). 
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4.3 Electricity 

 

In the BRF, the electricity consumption to be taken into account is the one for the common 
areas. There are no figures for the private electricity usage, but the figures can be assumed, for 
the simulation. 

This common consumption includes therefore the enlightening of the corridors, and the 
electricity usage in the common rooms such as the laundries and the machine room, and is 
expected to be relatively stable throughout the year.  

Likewise the two other consumptions, the electricity is provided by Fortum, and the data 
concerning the consumption is available on its website. As a difference with the heating demand 
and due to the nature of electricity, its amount is not controlled every day. Only weekly figures 
are available. 

The figure below represents the monthly electricity consumption for the common areas in the 
BRF for the year 2010. The total consumption is 544MWh. 

 

 

Figure 15: Electricity monthly consumption in MWh for the BRF in 2010 

 

As expected, the profile of the curve shows a huge base consumption, with a slight seasonal 
variation. This variation can be related to the duration of the day concerning the enlightening. 
Near a door, and if the luminosity if high enough, there is no need during daytime to light up the 
entrance of a building. But because it does not represent the majority of the room, the base is 
way larger than the amplitude of the variation.  

Another possibility comes from the electricity used in the laundries. Better climatic conditions, 
reduces the amount of clothes, and the less clothes people wear, the less electricity will be 
consumed in laundries.  
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However the oscillation is only 10% of the average, which is much lower than the heating 
demand oscillation. The electricity consumption in the common areas is not constant, but can be 
considered as such regarding to its small variation. 

 

4.4 Synthesis 

 

The energy consumption for one year in the BRF has been detailed. The heat consumption 
reaches 7500MWh per year and the electricity 544MWh. The electricity has an important base 
consumption, and oscillates only a little during the year, whereas the heating demand has a small 
constant consumption.  

The domestic hot water has a base demand for heating. Otherwise, the heating demand has huge 
variations throughout the year, basically related to the outdoor temperature. It has moreover daily 
variations, which are more related to the people’s behaviors.  

The buildings’ thermal inertia is indeed too high to allow hourly variations due to the 
temperature; it takes around one day for the building to react, and thus to adapt the heating 
demand.  

The characteristic curve between the outdoor temperature and a temperature difference directly 
related to the heating demand gave more precision about the link between those two parameters. 
It showed that the need for heating the buildings is low once the outdoor temperature is higher 
than 10°C. 

The variations during one day correspond therefore to the variation of the demand for heating 
the domestic water, with two distinct peaks in the morning and in the evening. The amplitude of 
these peaks depends on the season, but not that much on the outdoor temperature. 

Furthermore, the energy declaration gives an average usage of 162kWh/m²/year. 

Finally, all those figures for the energy consumption give a target for the simulation; the model 
has first to be accurate by reaching those figures. 
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5 Energy usage Measurements 

 

In this part, the energy usage of the BRF will be considered not from the centralized heating 
room but from the apartments. It was in the previous part treated as a need for warming the 
buildings, and the analysis focused on the district heating supply. 

The measurements will consider the way the energy is used by the residents, in their apartments 
and the dispersion of the energy through the buildings envelope. 

 

5.1 Need for measurements 

 

The board has a target for the minimum indoor temperature, which might be always higher than 
20°C. Otherwise, they know that this indoor temperature varies between the apartments, 
depending on several factors. There is consequently a need to know the different impacts of 
these parameters on the indoor temperature.  

It is necessary to know how higher the temperature in one apartment located closer from the 
central heating room is. The presence in the apartment has also an impact on the indoor 
temperature.  

When someone is in the room, and uses several appliances, the heating supply is higher than 
when he is away. The question is how high? 

The orientation of an apartment or the amount of glasses has also an influence on the indoor 
temperature: the solar irradiation can warm a place, even in winter. 

Besides the indoor temperature measurements in the apartments, some infrared pictures will be 
taken with a thermal camera. The goal is to see if some leakages can be revealed by an infrared 
(IR) viewing.  

Besides, the board asked to check the thermal efficiency of the doors: the entrance doors are 
currently being replaced by new ones, which have the same appearance, but a better thermal 
efficiency to reduce the energy leakages from the door. A comparison can therefore be done 
between the old and the new model.  

 

5.2 Accuracy of the outdoor temperature measurements 

 

In the different figures of this report, when the outdoor temperature is mentioned, it is not 
always the same way for measuring it. 

The outdoor temperature come either from a meteorological station with an hourly update or 
from outdoor thermometer measurement, on site, every day at the same time as the heating loads 
are checked. The onsite measurement is just to give a rough idea of the outdoor temperature, and 
gives a quick trend of its weekly variations, whereas the first one is more accurate.  
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The heating load is therefore calculated as a function of the first one, and the data is accessible on 
the supplier’s website13 (Fortum, 2011) with the comparison with the heating load, or even on the 
Stockholm and Uppsala county air quality management’s website14 (slb.nu, 2011). Those last two 
are actually the same. 

The Figure 16 shows two different measurements for the outdoor temperature. 

 

 
Figure 16: Outdoor temperature measurements from 2 different sources 

 

The measurements are daily values for working days during one month. The measurements are 
done every day at the same time for the website value, which is the one taken to calculate the 
heating demand.  

The onsite measurements are done every day at the same period, but the thermometer does not 
give a precise value for all the BRF because of its location. It is more like a domestic 
thermometer which is used to have an estimation of the outdoor temperature. 

The Figure 16 shows that the onsite measurement actually gives estimation: the curve follows the 
same trend as the meteorological data, but the variations are higher. It appears therefore that the 
usage of this temperature for seasonal variations is reasonable. 

Since the onsite temperature is besides only measured once a day, the best thing to do is to take 
the Stockholm and Uppsala county air quality management’s website (slb.nu, 2011) values which 
are more precise and accurate, if the outdoor temperature is need during the analysis of the 
indoor temperature measurements. 

 

                                                 
13 https://www.fortum.com/countries/se/foretag/energikonto/pages/kund.aspx accessed May, 15th 2011 
 
14 http://slb.nu/lvf/ accessed May, 15th 2011 
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5.3 Temperature measurements in apartments 

 

In order to know the influence of the different heat sources on the indoor temperature, 
measurements were carried out. One sensor measured the indoor temperature and another one 
the radiator temperature. The goal was to observe the influence of the heating system, of the 
apartment location, of the resident itself, and of the solar irradiation. 

 

5.3.1 Conditions, material, and positioning 

 

The indoor temperature measurements were carried out during one month in the winter. The 
Figure 17 presents the outdoor temperature during the measurement period. 

 

 
Figure 17: Outdoor temperature during the measurement period (slb.nu, 2011) 

 

The outdoor temperature from slb.nu is measured every hour, was negative and low during the 
first 2 weeks, and became higher to oscillate around 0°C the last 2 weeks of the measurement 
period, as drawn on Figure 17. 

The measurements have been carried out with testo 175 - T315 (testo.com, 2011) data loggers, 
monitored with testo Comsoft software. Those data loggers have a temperature measuring range 
between -50 and +400°C and can measure two different temperatures. 

The choice was therefore to measure both the indoor temperature in the apartment and the 
radiator temperature, to have an access to the heating demand. This sensor was placed on the 
radiator pipe, and covered with an insulation layer. 

                                                 
15http://www.testo.com/online/abaxx-?$part=PORTAL.INT.Applications&$event=show-from-
content&externalid=opencms:/Products/MeasurementParameters/temperature/Messgeraete/Datenlogger/testo_17
5-T3/Englisch.product accessed April 20th 2011 
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The temperatures were measured every 5 minutes, during all the simulation period for the 
apartments. 

The Figure 18 shows the position of the sensors in some of the measuring cases. 

This plan is for a section of a building for one floor. There are 6 different apartments on this 
plan, and because the apartments have different situations, it is possible to show how the sensors 
were placed in every case. 

 

 

Figure 18: Position of the temperature sensors in some apartments 

 

In most of the cases, the radiator temperature is taken from the radiator under the main window 
of the apartment.  

The indoor temperature is taken in the air, in average 1.5m high, close to a piece of furniture to 
fix it, but far from the heat source like the appliances, with the precaution to stay in the shadow 
during daytime, not to be over warmed by the sunlight. 

The sensors were placed with the attention to have a uniform temperature in the apartments, to 
have a temperature which will significantly represent the operative temperature felt by the 
resident, and to have those conditions in all the apartments in order to make the comparison 
possible and significant. 

 

5.3.2 Cases to be measured 

 

A reproduction of the Figure 4 shows below where the apartments are located. 

The cases to be measured are the followings: an apartment (1) located relatively far away from the 
central heating room (UC), another apartment (2) located closer from that room, an apartment 
(4) in the corner of a building faced to the south with a balcony, an apartment (3) whose owner is 
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away and main radiators are closed, and another empty apartment (2) but whose radiators are 
open. 

 

 
Figure 4: Aerial view of the BRF, with the 5 buildings 

 

The different cases will be measured simultaneously when it is possible, so that the comparison 
can be more accurate. However, some of them were done during different periods and similar 
outdoor temperature conditions will be researched, in order to do the comparison. 

All those cases will also have specific analysis within the measuring period, such as a comparison 
between weekdays and weekends, the influence of the sunlight during daytime, the impact of the 
appliances or the presence of the resident. 
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5.3.3 Results and analysis 

 

Let’s start by the synthetic Figure 19 with all the measurements: 

 
Figure 19: All the measurements 

 

The Figure 19 groups all the measurements, and the analysis will be done to some smaller parts 
of that graph. The horizontal axis is the time line of the measuring period, and the vertical axis 
are the temperature. 

The outdoor temperature is painted black and is the only temperature to have its axis on the right 
side. This axis is besides reversed to see the correlation between colder outside temperature and 
warmer radiators temperature. 

The other curves represent the radiator temperature at the top and the indoor temperature down. 

The first observation that can be made directly from Figure 19 is that the indoor temperature is 
indeed around the 20°C target, and varies between the apartments and the cases, but not so much 
with the external temperature. 

On the other hand, the radiator temperature oscillates a lot, and its variations follow really the 
outdoor temperature variations. 

 

 

A comparison will be done for one day between the measured temperatures, with same outdoor 
conditions. The first case compares the indoor temperature for one weekday between one 
apartment close from the central heating room, one far from it, and one unoccupied apartment. 
It also adds a curve for the weekend in the furthest apartment. 
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Figure 20: Indoor temperature comparison and apartment location, occupancy, and day of the week 

 

The first analysis can be done for the average values of the different curves from the Figure 20. 
The influence of the location appears firstly to be important because there is, during the night, a 
3°C difference which remains during the day between the closer apartment and the furthest. In 
both cases, radiators are fully open. 

Secondly the average temperatures in the same apartment during a weekday and during the 
weekend are a little bit different, but however relatively close. 

In the empty apartment, the temperature is uniform, and lower than in the occupied ones. The 
resident is abroad but the apartment is furnished. There is a slight variation but no effect of the 
weather can be detected. The apartment has only a towel dryer device which remains half 
opened. It is therefore heated in a major part by the neighboring apartments. 

A similarity in the two occupied apartments for a weekday is the behavior of the people: the 
temperature remains constant during the night, people are sleeping. Then, the temperature 
increases in the morning when they wake up and start using electric devices, taking a shower … 

This does not last so long since they leave the apartment to go to work. The temperature 
decreases then slightly during the day, up to the moment they come back in the evening and start 
using again the secondary heat sources like electrical appliances. They even have to cook so the 
amount of additional heat is higher than in the morning. 

They finally go to sleep and the temperature decreases a little and stabilizes again during the next 
night. Finally, the same behavior implies the same consequences on the apartment temperature. 

A different behavior will therefore have a different impact, like the weekend behavior, compared 
with the previous weekday one. During the weekend, the night or period without activity is 
longer. As a consequence, the temperature remains constant longer. Then, people wake up, 
shower, and cook. They are active during the afternoon, and go out in the night, which explain 
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why the decrease is that important and that early. The temperature finally stabilizes to the night 
constant temperature, when people are back, they directly go to sleep. 

The indoor temperature depends on the location of the apartment for the average value, but the 
variations during the day are caused by the people’s behaviors. No resident means a constant 
temperature. 

It is possible to look at the radiator temperature in the different locations of the apartment, like 
does the following Figure 21 

 

 
Figure 21: Radiator temperature comparison with the apartment location 

 

In this case, the distance from the central heating room is really different between the two 
apartments; there is a constant difference between the two radiator temperatures, and it therefore 
appears normal to have an air temperature difference in the apartments. But the difference is not 
always that strong, like it is showed in the Figure 22.  

 

 

Figure 22: Radiator temperature comparison with the apartment location, equivalent distance 

 

This Figure 22 presents the radiator temperature in two different apartments, more or less as far 
from the central heating room as each other. The difference is in the constitution of the distance. 
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For the close apartment, the duct crosses one street and goes along one all building, whereas for 
the far apartment, the duct crosses two streets, and goes only a little bit in the building.  

The difference is not that high, and the temperature in the radiator is not warmer in one 
apartment and colder in the other apartment. It is in any case very close and the distinction 
cannot is not as easy as it might appear.  

The impact on the indoor temperature is more based on the people’s behavior, like the next 
Figure 23 shows it. 

 

 

Figure 23: Consequence of the presence on the indoor temperature 

 

The Figure 23 presents the indoor temperature in the same apartment, for two different days, one 
when the resident is working but goes back to his house, and another one when he is abroad. 

The radiator temperature compensates the difference of the outdoor temperature conditions 
because in both cases, the radiator valve is fully opened. The temperature difference due to the 
presence of a resident or not in the apartment is 1°C during the night, when there is no activity. 
During the day, this difference is lower because the resident is away in both cases. 

At the hours he is actually in his apartment, the temperature difference is obviously the highest, 
up to 2°C. 

Another thing to notice is that when he went back from work, he opened the window to aerate 
the apartment, then the indoor temperature immediately decreases by 1°C, a large amount of 
fresh cold air went directly into the apartment. 

In some apartments, there might be an impact of the sun on the indoor temperature, due to the 
orientation of the apartment. Besides, some apartments are more exposed to heat losses than 
some others: having a balcony implies more heat losses because of the higher proportion of 
glazed surface; being in the corner of a building also implies more heat losses because the 
neighbors with the same temperature requirements are only beyond 2 walls. 
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The Figure 24 shows the indoor temperature in one corner apartment with a balcony and south 
sighted. 

 

 
Figure 24: Influence of the weather on the indoor temperature in a corner apartment 

 

With similar outdoor temperature conditions but different weather, the temperature does not 
vary the same way. It has to be mentioned that during the night it was colder during the sunny 
day, but the temperature was relatively constant. 

There is no measurement of the solar irradiation, but just an observation of the weather: the so-
called “sunny” day was actually sunny. The same observation is made for the cloudy day.  

During the cloudy day, all the specificities described above of the human behavior are 
encountered again. The difference appears when the sky is clear.  

The apartment has more windows, so the heat losses are bigger. The temperature continues to 
decrease during the night. In the morning, it is possible to see the waking up effect, with a small 
decrease when the resident goes to work. Otherwise, later in the day the sun starts to shine and 
the temperature in the apartment does not decrease as usual but increases instead. The south 
sighted apartment gets warmer during the day, even though it is unoccupied, due to the sunlight. 

When the sun falls and comes the night in the afternoon, the temperature stabilizes and begins to 
decrease sharply. It is stopped when the resident comes back from work and starts to use its 
appliances, warming the room by its active presence. The temperature profile gets back to the 
common one for the evening, already described earlier. 

A last point to focus on is to know the influence of the radiator opening. It has already been 
tackled before, but it is however interesting to group the aspects to really see the influence. 

The Figure 25 shows it, with the indoor temperature in 2 unoccupied apartments, including one 
with the standard full opening of the radiator, as if the resident would come back soon. 
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Figure 25: influence on the radiator opening in an unoccupied apartment 

 

In those unoccupied apartments, when the radiators remain open, the temperature is almost 
2.5°C higher than when those radiators’ valves are closed. An apartment heated only with a small 
radiator and the neighbors will have a temperature between 18 and 19°C, whereas letting the 
radiators on will give 2°C more for the temperature. 

The temperatures are furthermore relatively constant, since the apartments are both unoccupied, 
and located in the same building. It is still possible to have a unknown neighborhood impact for 
one of these apartments, but it is for sure less important than the fact of letting the radiators 
open. 

To save energy by closing the radiators might be done when people are away. The thermal inertia 
of a building does not drop the temperature in a few hours. That solution is accurate for a 
weekend for instance. 

 However, decreasing the indoor temperature during the day when people are working might save 
a small amount of energy and that is why an electronic control in the apartment would be helpful. 

To sum up with those temperature measurements, a thermostatic valve for each radiator in the 
apartments would allow a temperature control in the apartments. Depending on the location of 
the apartment, it would be possible to save more or less heat. In average, it would be possible to 
save a little bit more than 1°C per apartment (more in the warmer, but nothing in the colder). 

Having an electronic control of the radiator valve would also allow a regulation of the 
temperature during the working hours, by letting the apartments a little bit colder during the 
working time but warm enough when people come back. 

On the other hand people could also regulate the indoor temperature according to their own 
desires, and that would be the limit for an electronic regulation. If everyone wants a warmer 
place, it might actually increase the heating demand. 
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5.4 Infrared measurements with a thermal camera 

 

A thermal camera Flir b5016 (proffsmagasinet, 2011) has been hired for one day measurement. 
This camera is the most practical because it allows negative temperature measurements. 

With this camera the board asked for a comparison between the old and the new entrance doors, 
some of them having already been replaced by more energy efficient ones, with the same 
appearance. 

 

5.4.1 Measurements conditions 

 

The IR picturing of the buildings was done during one cold winter day. The temperature was 
between -15 and -5°C. The sky was clear, and the measurements were done during the afternoon 
and the beginning of the evening. 

Picturing the glass is not as easy as expected, there is some reflection of the IR rays which unable 
to picture the last floor windows from the ground: the reflection is in the sky for those windows. 

 

 
Figure 26: same part of a building from the ground and the roof, with the same scale of color 

 

The Figure 26 shows the difference between the windows temperatures, with a too high angle 
from the ground and a normal angle from the roof. The reflection in the last floor windows 
appears to give a lower temperature of the glass whereas the picture from the roof does not 
indicate any differences between the different floors. 

On some other pictures, no angle gave the reflection of the photograph. 

 

                                                 
16 http://www.proffsmagasinet.se/hyra-v%C3%A4rmekamera/hyra-flir-b50.html accessed April 20th 2011 
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5.4.2 Results and analysis 

 

Pictures of the façade gave relatively a uniform temperature for the wall, as it is showed on the 
Figure 27: 

 

 
Figure 27: IR picture of a façade 

The wall has a lower temperature than the windows, which means that more heat losses occur 
through the windows. The roof is covered by a snow layer, which insulates it better. 

Looking at the windows, the heat leakages are not uniform, like on the Figure 28. 

 

 
Figure 28: IR picture of a window from both sides 

 

From the inside, the colder the temperature is, the more energy leaks. The glass has a uniform 
temperature, lower than in the room and on the walls, but bigger leakages appear in the corners 
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of the window: the insulation is not so efficient as it is in the middle, the cold air can come in the 
room. 

From the outdoor, the glass reflects a tree. The colder it is, the better the insulation is. The 
warmer points are also located in the top corners, and the structure offers a better protection 
than the glass, when it is well insulated. 

An energy saving solution would be to renovate the windows, putting a more efficient energy 
glass, and a windows structure without leakages. Such a renovation has already been done for the 
doors, and the following picture shows the difference between the new energy efficient door, and 
the ancient model. 

 

    

Figure 29: Comparison between new and old doors, with the same color scale 

Those two pictures on Figure 29 were taken in a few minutes interval; the outdoor conditions 
were the same, as the indoor radiator temperatures. The doors have the same design but not the 
same energy efficiency. The energy glass is 10°C warmer than the common old one. The 
temperature of the wooden structure is also a little bit higher, but the most important is that there 
are no leakages in the corners. 

The old door has not such a good efficient closing whereas the new one has a uniform 
temperature, and is well closed. 

The operative temperature is increased, and the feeling of coldness near the door is decreased. 

It is interesting to notice that the wall above the door is the same and keeps the same 
temperature.  
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6 Simulation 

 

The energy consumption figures are an interesting input for the simulation. The model will be 
considered as accurate once the figures for the energy consumption will be given as a result of 
the simulation. 

After the achievement of the model, it will be operated and exploited by changing some of the 
building characteristics.  

This would correspond to an energy saving solution, applied to the building, and the simulation 
would give as a result, the impact of that studied solution on the energy consumption for one 
year.  

The simulation aims to have an idea of what solutions are the most efficient, regarding to the 
energy saving aspect. 

 

6.1 Software and output requirements 

 

To simulate the energy consumption in a building, two different software products were available 
at the Energy Technology department at KTH. The simulation was done on IDA-ICE 4. 

To be modeled, the plans of the buildings are first put, including the orientation and the shading. 
Then the climate and the building materials are selected. After, the lights, the appliances, and all 
the secondary sources of energy have to be taken into account by the model.  

The furniture has also to be added to the model because it represents a thermal mass. The 
ventilation mode and its characteristics have to be selected. The same must be done for the 
heating devices.  

The temperature control mode has to be settled both for the shops and the apartments. The 
meters can help to know what to have as an output.  

The most important part is the schedules for all the devices: everyone has a different behavior, 
and turns on at a different time. Different schedules must therefore be used for the doors, the 
windows, ovens, warm water usage, etc. It is moreover possible to have different behaviors, like 
weekdays, weekends or vacation. 

It is moreover possible to settle the energetic efficiency of the thermal bridges and the losses 
factor in the pipes. Some other energy parameters can be fixed, like the hot water consumption. 

Once the model is ready, the simulation can be launched. The output requirements concern here 
the energy consumption figures. It is required to get to the same figures as the energy 
consumption analysis. 

The heating demand for one year is around 7500MWh, and the energy declaration gives a 
consumption of 162kWh/m²/year. 
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6.2 Simulation characteristics 

 

The first aspect concerning the simulation by itself is the computing time, relatively long. The 
simulation can take several hours to give its result. With a complete model of the five buildings, 
and thus the 800 apartments, the simulation would take too much time, whereas the model can 
be simplified.  

Indeed many apartments have the same conditions regarding to their position in the building. It 
is either a corner of the building apartment or it has a neighbor apartment, which has the same 
thermal requirements.  

The same considerations can be done about the floor, and one floor can be saved for the 
simulation. From the four floors, the model is simplified with ground, middle and top floors. 

The Figure 30 shows in 3D the model for the simulation, where some apartments are taken 
several times into account, depending on how many similar apartments are actually making up 
the real building. 

 

 
Figure 30: View in 3D of the simplified model 

 

The model has 3 building sections, and considers also the facilities, characterized by huge 
windows, under the first residential floor. With those simplifications, the simulation lasts only 4 
hours, which make it easier when changing some parameters.  

The model is besides separated into 2 different parts: the first one for the 3 older buildings, with 
only natural ventilation, and the second one, where the ventilation system is selected with return 
air only. 
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The building characteristics are captured into the simulation model. Then some other options 
remain. The shading, for instance: the observation indicates that 15% of the apartments have 
internal shading with Venetian blinds and 30% with curtains. There is no external shading. 

The most important setting for the simulation is the schedule for the use of the appliances. 

It has to be expected, but must coincide with the current utilization of the device. The profiles 
are used to model those schedules, with as many different periods as required. In that case, 3 
different periods were necessary: weekdays, weekends, and holidays. 

The Figure 31shows an average daily profile for the usage of a multimedia device (television, 
music, and computer) during a weekday. 

 

 
Figure 31: Daily profile for the usage of multimedia in a weekday 

 

It is of course an average profile. In the morning, before going to work, 50% of the people use it. 
In the end of the afternoon people go back and starts slowly to watch it again, until full usage at 
dinner time, and then it decreases until everyone is asleep. This profile is based on the previous 
water usage profile with two different peaks, but also on some electricity consumption profiles 
for a week day. 

Likewise, schedule profiles are used to define when the residents are present in their apartments. 
The Figure 32is the profile for the working people during a weekday. 

 

 
Figure 32: Presence in the apartment profile for a worker during a working day 

This profile gives basically information on when someone is here or not. During the weekends, 
this profile is more uniform and closer to a full presence unless when people go out. The holiday 
profile is just a percentage of a standard profile, the percentage of people estimated to be in 
holiday. 

With those input parameters, the simulation can be launched and the results can then be 
compared to the expectations, of the energy consumption figures. 
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6.3 Results and comparative analysis 

 

The heating demand of the five buildings for one year is around 7500MWh, and the energy 
declaration gives a consumption of 162kWh/m²/year. 

The simulation results give the same figures, with a heating demand of 7505MWh and an average 
energy consumption of 163.9kWh/m²/year. The total area taken into account is different than 
the energy declaration one. The assumptions of the energy declaration were not available; the 
differences might concern the attics. 

The Figure 33 shows the monthly heating demand, with a separation between heat for warming 
up the room, and heat used for warming up the domestic hot water. 

 

 
Figure 33: Simulation result for the monthly heating demand 

 

The model has a good response to the expectations. The heating demand oscillates and it appears 
to be unnecessary to warm up the buildings in summer. There is still this almost constant demand 
for heating the domestic hot water. The total heating demand for one year is the same as the 
figure for 2010.  

The Figure 34 shows the comparison between the simulation result and the total heating demand 
for the year 2010 in the BRF. 
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Figure 34: Heating demand comparison between the simulation result and the actual demand in 2010 

 

Both profiles are really close. The deviation is in average 5%, except for the value in May. The 
model is estimated to be accurate, nevertheless the difference for the May values has to remind. 

How can the differences be explained? Of course simulation and measurements can never be 
exactly the same. 

The question is more: what are the differences between the simulation model and the 
measurements conditions?   

The climate data is not exactly the same but its influence is unknown. A snow layer on the roof 
during the winter might insulate the buildings more than it is calculated in the simulation. The 
simulation has a really strict temperature control, whereas the temperature control is centralized 
in reality. There is a bigger demand in winter and a lower in summer. 

However, the model is still accurate, and the simulation result gives now the possibility to 
implement some energy saving solutions. 

The solutions simulated by the model concern more energy efficient installations. By renovating 
the windows for instance, the U-value would be reduced, and the simulation gives the amount of 
energy saved in one year. 

 

The Table 2 recapitulates all the simulated possibilities. 
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Solution Heating 

demand 

(MWh) 

Energy 

consumption 

(kWh/m²/year) 

Energy 

savings 

(%) 

Comments 

Base 7505 163.9 0  

Wall light 

insulation 

6597 147.6 12 Uwall=0.96 

Windows light 

renovation 

7003 154.9 6.5 Uwindow=1.9 

Windows strong 

renovation 

6810 151.4 9.1 Uwindow=1.2 

Doors 

renovation 

7405 161.7 1.7 Udoor=1.3 

10% water 

savings 

7349 161.1 1.8 Reduction of the 
daily consumption 

Roof insulation 6881 152.7 7 Uroof=0.2 

Temperature 

control 

6954 154 7 Simulation with 1°C 
lower temperature 

Glazed balcony 7410 162.2 1  

Combination of 

the possible 

5544 128.7 26 All possible 
solutions 

Lightning 7739 160.6 1.8 Electricity savings 

 

Table 2: Comparative table for the simulation results 

 

First, it is necessary to clarify the kind of energy that is saved. In all those cases, the energy saved 
is heat. The heating demand is reduced and the figure for the energy saving is therefore calculated 

The Table 2 shows that there are possibilities to save energy with different ways. However every 
solution has a different impact on the energy demand. 

It is not possible to change the external appearance of the buildings, but the wall insulation would 
save a lot of energy. Neither it is possible to glaze the balconies, but that time, because of the 
relatively low number of balcony among the total of apartments, it appears not to be very 
efficient, as an energy saving issue. 

The most interesting possibility concerns the windows that can save up to 9% of the heating 
demand. It would consist in a windows renovation, with the same appearance. The doors of the 
balconies are included in that simulation. 

To put an insulation layer under the roof might save up to 8% according to that simulation. The 
actual figure might be lower. 
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Some doors have already been changed. To replace all of them by the new ones those are more 
energy efficient, can save 1.1% of the total heating demand. Even though the doors are really 
more efficient, the figure is not so important because there are not so many doors, in comparison 
with the windows, for instance. 

The temperature control has been simulated with one Celsius degree lower. To know exactly the 
amount of energy that can be saved, the temperature in the apartments has to be known. This 
will come from the measurement part. Then it is possible to save 7% of the heating demand, by 
reducing the average temperature by 1°C in an apartment. 

Saving water is also an interesting solution because it is the only way to save heat during all the 
year. A 10% saving with the usage of tap economizers and water saving shower handles might 
save up to 1,8% of the total energy demand. 

A combination of all those possible savings would therefore save 26% of the heating demand. 
Saving 26% of the heating demand would save 21.3% of the total energy demand. Including the 
wall insulation would save more, but it is not part of the possible solutions, because of the 
classification of the buildings. 

In order to save only electricity, the most efficient way is the lightning. Changing the bulbs by 
low energy lamps or led would save electricity, and save globally 1.8% of the energy demand. 
However, the model increases the heating demand in order to compensate the saving from the 
bulbs, which are a secondary source of heat. This demand includes the private apartments, even 
though their own lightning is not supposed to be changed in the simulation. 
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7 Economical analysis 

 

7.1 Methodology 

 

A comparison of different stakeholders and their offers may give several possibilities regarding 
how much energy can actually be saved, in how much time, and at what cost; the economical 
factor remaining the decision maker factor. 

The energy prices were supposed to have the same increase as the last ten years. The following 
Figure 35 shows that increase for the last 10 years, and the trend which has been choose. 

 

 
Figure 35: District heating prices for the last 10 years and trend for the next ones, with an average increase 
of 2.6% per year. 

 

The energy prices are supposed to increase by 2.6% per year. In 2010 the price for 1MWh was 
780SEK. 

For each solution, a brief description of the proceeding will be given. The cost and the energy 
saving will give in a second time the payback time. 

The payback time is calculated with a discount rate of 5%. 
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7.2 Windows renovating 

 

Renovating the windows appears to be the most important solution, for the investment cost, the 
required work and the amount of energy saved.  

Saving 9% of the district heating demand has a cost. Most of the stakeholders have the same 
price range since they have to be authorized to handle the windows. (gbf, 2011) 

This energy saving would save 526kSEK per year. 

Because the appearance of the building is protected, the windows have to keep the same ancient 
look as the originals, and the windows cannot be changed, but only renovated. 

The cost per window will be between 3600SEK and 5700SEK, for a normal 1m*1m with 3 
glasses. 

In the worst case the payback time would be around 30 years, whereas the cheapest one would be 
paid back in 17 years. The price would be in the high range because of the complexity of 
renovating those old windows, but will be reduced because of the important amount of windows 
to be renovated. The investment cost is around 10MSEK. 

 

7.3 Temperature control 

 

The temperature control is more difficult to make it accepted by the people because it basically 
reduces the temperature in some apartments, even though the people are not here, or do not 
comfortable. 

To put a thermostatic valve to regulate the temperature at 20°C would reduce the energy usage 
by 8% and would therefore save 467kSEK per year. 

The installation cost is really low compared to the energy saved, and it is a direct solution. 

The temperature could even be regulated by an electronic device. 

An average cost of 2000SEK per apartment would be paid back in just 5 years. 

 

7.4 Roof insulation 

 

To put an insulation layer under the roof is another hard work which would save up to 7% of the 
heating demand. This corresponds to a 410kSEK economy on the yearly energy bill. 

The roof insulating material would cost 400SEK/m², with almost 10000m² of roof to insulate 
and almost the same cost for the handwork. 

This project would have a payback time of 30 years. 

The difficulty is the feasibility and the access to the roof in order to put the insulation layer. 
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7.5 New doors 

 

The doors have already begun to be replaced, and it will at the end save up to 1.7% of the energy 
usage.  

Even though it has been showed that they were more energy efficient, the small amount of them 
reduces the percentage of the total energy saved. Most of the energy is used for warming the 
apartments, not the corridors. 

That corresponds to a yearly saving of 100kSEK for the bill. 

The total cost of the project, around 1.5MSEK would therefore be paid back in about to 17 
years. 

 

7.6 Water economizers 

 

Reducing the hot water consumption by 10% would save 1.8% of the energy so 100kSEK per 
year. 

The cost for such economizers is however relatively low, up to 200SEK per apartment, which 
would be paid back in just 2 years. 
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8 Energy savings from people’s behavior 

 

The best way to reduce the heating demand is still to reduce the temperature in the apartments. If 
the temperature can be controlled to 20°C, the people can also save more with a more strict 
control with for instance, reducing the temperature when they are away. It is not needed to have 
a too high temperature when there are not present. 

A more responsible behavior can also reduce the water consumption beyond the water 
economizers, and thus decrease the heating demand for the domestic hot water. 

People can also save electricity, with power saving devices, and economic lightning. The only bill 
people pay on its own is the private electricity usage. 

The different energy agencies have propositions to reduce the electricity bill, like low energy 
lamps, standby economizer devices. Most of them list the ideas on their website. 

The yearly cost of a low energy lamp is 5 times as low as the cost for a normal lamp. To use the 
electronic appliances 3 to 4 hours per day costs as much electricity as to let the standby mode 
during the rest of the day. 
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9 Synthesis 

9.1 Discussion 

 

The project has made a diagnostic of the energy use in the five BRF Fredhäll’s buildings. Those 
old buildings are relatively energy efficient, compared to the average in Sweden. Their appearance 
is however protected, which reduces the possibility for having most of the common energy 
saving solutions. 

The wall insulation is the most common and perhaps the most efficient but cannot be 
implemented. 

The ventilation system is natural in 3 of the buildings, so no heat recovery would be possible. 

A study concerning the feasibility of having a heat pump between the buildings had been carried 
out a few years ago. Its conclusions were negative. It is understandable since, several pipes are in 
the ground where it would have been possible to dig. 

Still due to the protected appearance it is neither possible to place solar panels on the roofs, nor 
to glaze the balconies. 

It is however possible to reduce the energy use, and to reach to -20% goal for 2020 according to 
the simulation model. The price of the investment cost would be paid back ten years later. 

 

 Energy 

savings  

Comment  Payback time (years)  

Roof  7%  Insulation  30  

Temperature 

control  

8%  20°C  thermostat  5  

Doors  1.7%  Renovation  17  

Windows  9.1%  Renovation  30  

Water  1.8%  Economizers  2  

Combination  26%  23M SEK  20  

Table 3: Synthetic table 

The table above sums up the possible reductions for the heating demand. 

A combination of those solutions would reduce the heating demand by 26%, with an investment 
cost of 23MSEK. It would be paid back in 20 years. 
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9.2 Recommendations 

 

It is recommended to start with the cheapest solution, like water saving, or temperature control, 
that would save an important amount of energy. 

The residents have to be aware of the possibilities for electricity saving, and changing the lamps 
in the corridors might be an opportunity to inform them. The 60W lamps will be forbidden by 
the fall 2011. 

Concerning the harder projects, the most important to implement is the windows renovating 
project. Several companies can do such a project. Tumba glas17 is one of the biggest in that 
sector. Samglas18 is the closest, located in kungsholmen. Other companies can be found on the 
glasbransch föreningen’s website19 (gbf, 2011). 

For the roof, maco-takisolering20 and thermisol21 gave the indications about the price and the 
material. 

The thermostats and water economizers can be bought from several suppliers, the prices are 
equivalent.22 

In order to be able to check some heat leakages in the construction, it might be interesting for the 
board to have its own thermal camera. The most important is to be able to handle with negative 
temperatures. The Flir i323 (proffsmagasinet, 2011) is one of the cheapest camera (10 000SEK) 
and measures up to -20°C. Some other cameras can be found in the same website.  

 

9.3 Conclusion 

 

It ended with a plan, going through all the aspect of an energy analysis. First the energy usage 
figures, and the measurement gave a diagnostic on how the energy is used in the BRF. Those 
figures were a target for an accurate model, which allowed the simulation of the energy saving 
solutions. Finally the economical analysis gave the payback time for the different solution, 
likewise the global plan. 

This project was very interesting and allowed a full comprehension of establishing an energy 
reduction plan, with obstacles which make it harder but even more interesting, to finally get to a 
energy reduction plan to be implemented. 

Lastly a quotation summarizes all the energy saving concept: “It's cheaper to save fuel than to 
burn it.” Amory Lovins, Energy Expert. 

  
                                                 
17 http://www.tumbaglas.se/fonsterrenovering/index.html accessed May 15th 2011 
18 http://www.samglas.se/samglas-kungshol.html accessed May 15th 2011 
19 http://www.gbf.se/ accessed April 20th 2011 
20 http://www.maco-takisolering.com/start.htm and 
http://www.maco-takisolering.com/prislista%202011_032.pdf accessed May 20th 2011 
21 http://www.thermisol.se/index.php accessed May 20th 2011 
22http://www.buildingtechnologies.siemens.com/bt/global/en/buildingautomation-hvac/hvac-products/valves-
actuators/Pages/valves-actuators.aspx accessed May 20th 2011 
23 http://www.proffsmagasinet.se/varmekamera/varmekamera-flir-i3.html accessed May 15th 2011 
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