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T The thesis is part of the international master Sustainable Architecture (MSc) taken at NTNU 
and is done in collaboration with NTNU, LINK Arkitektur, and TOBB. The thesis will explain 
a solution to how a group of residential blocks can be refurbished in a sustainable way, 
taking into account the site, the buildings, and the residents. 

The thesis is an approach to the residential refurbishment project of Flatåsaunet Borettslag. 
The project combines the current need for refurbishment with the opportunity to not only 
upgrade the existing buildings to at least TEK10 standards, but also to focus on sustainability 
issues and opportunities of the buildings and the site. There are three parts of this project 
that are closely related: upgrading of the existing building, site development, and increasing 
the sustainability of the buildings and the site. The refurbishment concept will be evaluated 
on four perspectives: finances, user, architecture, and technical. 

The goal of this thesis is to analyze the possibilities of refurbishment that apply to Flatåsaunet 
Borettslag and to other similar building blocks in Norway. The proposal should result in 
energy efficient and user-friendly homes with a good indoor thermal comfort. 

After analysing and evaluating the existing buildings, several measures are chosen to 
refurbish the building. This includes replacing and extending the facade, adding a new 
floor and insulating the existing roof, changing to a balanced ventilation system, and 
adding a heat pump and PV-panels as renewable energy sources. Throughout the project, 
simulations for daylight, energy consumption, and PV production were done to justify the 
refurbishment. The site around the buildings is developed to encourage social activities 
around the blocks. The improvements include adding a community house, creating a car-
free zone around the buildings, and improving the existing playground. 

After the refurbishments, the total energy consumption of the building is reduced with 42% 
of which 35% of the energy demand is now produced by the heat pump and the PV-
panels. There is also drop in CO2 emissions associated with the delivered energy. 

After the costs for the refurbishment, the energy savings, and the selling price of the new 
apartments, the project has a profit of almost 9 million NOK. This money can be used to 
pay for the elements that are not included in the balance, such as the heat pump and the 
site improvements. 

Flatåsaunet Borettslag is refurbished based on the problems of the building and the wishes 
of the residents. Finally, the residents have apartments with better standards and a higher 
value. New apartments and an improved site contribute to the social sustainability of the 
borettslag. 
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Figure 1: Flatåsaunet Borettslag, block III and IV
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theSiS deScriPtion

The thesis is part of the international master Sustainable Architecture 
(MSc) taken at NTNU and is done in collaboration with NTNU, LINK 
Arkitektur, and TOBB. The thesis will explain a solution to how a 
group of residential blocks can be refurbished in a sustainable way, 
taking into account the site, the buildings, and the residents. 

The thesis is an approach to an ongoing refurbishment project of 
Flatåsaunet Borettslag. Several parts of the building are exceeding 
its lifetime and the envelope is not reaching the current standards 
set by the Norwegian building regulations. In addition, the residents 
have expressed some complaints and wishes regarding the interior 
and exterior of the blocks.

Therefore, this project combines the current need for refurbishment 
with the opportunity to not only upgrade the existing buildings to at 
least TEK10 standards, but also to focus on sustainability issues and 
opportunities of the buildings and the site. In addition, the residents 
play a central part in the design choices, because their opinion and 
wishes have to be respected and they will not move during the 
renovation process. 

There are three parts of this project that are closely related: 
upgrading of the existing building, site development, and increasing 
the sustainability of the buildings and the site. These three elements 
will merge together in a refurbishment concept, as can be seen 
in Figure 2. The refurbishment concept will be evaluated on four 
perspectives: finances, user, architecture, and technical. 

Goal and desired outcomes
The goal of this thesis is to analyze the possibilities of refurbishment 
that apply to Flatåsaunet Borettslag and to other similar building 
blocks in Norway. The proposal should result in energy efficient 
and user-friendly homes with a good indoor thermal comfort. The 
project should be cost effective and should have the possibility to 
be reapplied on similar buildings by means of minimal changes. 

Methodology
The buildings will be analysed and evaluated on how they can be 
successfully upgraded from energy, architectural, residential, and 
cost perspective. The chosen upgrades will be compared by means 
of simulation showing the differences between the current and newly 
proposed situation. 

Simulations for natural daylight levels, energy consumption, and 
energy generation will be used to compare the performance of 
the building before and after upgrading. These simulations will be 
done in Ecotect with Radiance for daylighting, in SIMIEN for energy 
consumption and in PVSyst for generation of electricity by PV-panels.

Figure 2: Refurbishment concept

Figure 3: Four perspectives on the refurbishment concept
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flatåSaunet

Flatåsaunet is a borettslag which means the residential building 
blocks are owned by a cooperative building and housing association. 
The residents own their apartments, but the association owns the 
buildings and the ground around the buildings. The borettslag is 
located in the south of Trondheim, around 7 kilometres away from 
the city centre. The city center is marked with a grey circle, and the 
location of the buildings is marked with a white circle in Figure 4. 
The buildings are located in a residential area close to an elementary 
school, a supermarket and several kindergardens. 

The blocks were built between 1971 and 1973 and were renovated 
in 1995. Flatåsaunet consists of 4 blocks with each 4 floors including 
the ground floor. Block 1, 2 and 3 are oriented east-west, with the 
balconies facing west. Block 4 is the only block that is oriented 
north-south with the balconies facing south. The arrangement of the 
blocks can be seen in Figure 5. Due to this orientation difference, 
the mentioned orientations further on are for the east-west blocks 
with the corresponding facade of block IV in bracets.

Block 2, 3 and 4 are facing a large area with a playground and 
small soccer field. Parking areas for all the residents are located on 
respectively the east (block 1, 2, 3) and the north (block 4) side of 
the buildings. 

I

II

III

IV

Figure 4: Flatåsen in relation to Trondheim (google maps) Figure 5: Arrangement of the four buildings (google maps)

Figure 6: Flatåsen Borettslag, east facade block II Figure 7: Flatåsen Borettslag, west facade block II

City center

Flatåsaunet
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climate

Trondheim is located in a subarctic climate according 
to the Köppen-Geiger climate classification system 
(NOAA, 2011). This climatic region is coloured green 
in Figure 9. This type of climate is characterised by 
cool summers and cold winters with no dry seasons. 
The coastal location makes the temperatures milder 
compared to cities more inland.

During the winter the days are short, while in the 
summer the days are very long. The length of the 
days ranges from 4,5 hours of daylight on the shortest 
day to 20,5 hours of daylight on the longest day. This 
means that a sufficient daylighting level in the rooms 
during those 4,5 hours of daylight is an important part 
of the design of residential areas.

Sun
To predict the availability of sunlight on the plot, a 
shadow-study was conducted using Revit 2015. The 
different figures on the right show the shadows in 
June and September at 08:00, 12:00 and 16:00. In 
Figure 15 the shadows in December are only given 
at 12:00, because the sun-angle is so low that most 
of the day the plot will be shaded. During the other 
seasons, the buildings barely shade each other and 
there are no surrounding buildings to shade the plot. 
The shadows not coming from the buildings are 
created by the landscape.

Wind
The prevailing wind directions in Trondheim are 
south-west to north during the summer, while in the 
winter the wind is mainly coming from south to north-
east. The graphs in Figure 10 and Figure 11 show 
the frequency in hours of how often wind is blowing 
from a specific direction, where the darker colours 
indicate a higher frequency (Ecotect weather tool, 
2011). The main wind directions vary over and within 
the seasons. This makes it difficult to incorporate in 
the design. 

Psychometric chart
The chart in Figure 12 shows the climate statistics 
in blue in relation to the comfortable temperature 
and humidity circled in red. The temperatures in  
Trondheim are almost always below the comfort zone, 
thus bad insulation levels and low airtightness will 
have a large negative impact on the indoor comfort. 
The temperatures are rarely higher than the comfort 
zone, which makes cooling in residential buildings 
not necessary. 

Figure 9: Climatic zone according to Köppen-Geiger

Figure 10: Main wind 
directions in summer

Figure 11: Main wind 
directions in winter

Figure 12: Psychometric chart for Trondheim

Figure 13: Shadows on 21. June

Figure 14: Shadows on 21. September

Figure 15: Shadows on 21. December
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FUNCTION MAP 1:2000

LAURINA CORNELIA FELIUS

MASTER THESIS SUSTAINABLE ARCHITECTURE

function maP

This map shows Flatåsaunet in relation to the 
surroundings on a neighbourhoud level. As said 
before, Flatåsaunet is located in a residential area. 
Most of the buildings are low-rise (yellow), with the 
exeption of several high-rise blocks to the south 
(orange). Close to the site are also an elementary 
school and kindergarden, both coloured in blue. To 
the south of the site is a small supermarked, coloured 
light blue. Towards the north, not visible on this map, 
are some industrial buildings. 

Figure 16: Function map of the area
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Site analySiS
Traffic

Most of the site is accessible for motorised vehicles. 
The main road connecting the area to the city ends 
in a residential area south of the plot and is thus 
only used by residents living in this area. Several 
paths on the west and south of the buildings are only 
accessible for pedestrians and bicycles and connect 
the buildings to each other. There is a bus stop with 
connection to the city center within walking distance. 

Currently the area is dominated by the presence of 
cars and large parking zones, which makes the site 
less attractive seen from the road. 

Areas

There are two main types of areas on the site: the 
playground and the parking areas. The parking zones 
are placed on the west and entrance side of the 
building, while the balconies and living rooms face 
the playground. 

The two buildings to the north have good access 
from the living rooms to the playground, but the 
blocks to the south are more surrounded by parking 
areas and are less connected to the playground. 

Vegetation

The site is located on a fairly flat part of a hill that 
goes upwards in the west and goes down towards 
the Fv900, a parallel road of the E6, in the east. 
Both areas on the hill have a lot of vegetation and 
especially between the site and the Fv900 there is a 
lot of vegetation that blocks most of the noise. 

On the site there are trees following the road and 
there is some vegetation around the playground. In 
general, there is little vegetation on the site itself. 

 Playground       Parking

 Motorised traffic      Pedestrian

Figure 17: Site map of the existing situation

Figure 18: Traffic analysis

Figure 19: Area analysis

Figure 20: Vegetation analysis
 Vegetation



Master thesis: refurbishment of Flatåsaunet Borettslag by L.C. Felius Page | 12

Building analySiS

Flatåsaunet is a typical residential block from 1971 and consists of 164 apartments divided over 4 buildings. It can be called a typical block 
because in Norway there are lots of similar residential blocks with similar problems. There is a variety in the size of the apartments which can 
be read from Table 1. The 1-room apartments can only be found on the east side of the ground floor in block I and II. The west side of these 
blocks is a basement with storage units for the residents. Block III and IV have a basement over the total width of the building with storage 
units. All the 2-room apartments are located on the corners of the buildings, where they have windows on two adjoining facades and are 
therefore facing either west or east. All 3-room and 4-room apartments and some of the 2-room apartments have access to a private balcony 
or garden facing respectively west or south. 

Table 1: Type and number of the different apartments in Flatåsaunet Borettslag
Number of rooms Area per apartment Total number of apartments

1 room 36 m2 14
2 rooms 52 m2 60
3 rooms 75 m2 39
4 rooms 90 m2 51

The building blocks have sheltered entrances on the east (north) side of the building, with an additional back entrance on the west (south) 
side. Internal staircases provide access to every 2 or 3 apartments per floor. The staircases and entrances are not connected internally, which 
has the advantage that the apartments have windows on both the east and west facade. The disadvantage is that there are a lot of staircases 
needed per building and each staircase only gives access to between 8 and 12 apartments in total. 

All apartments have mechanical exhaust ventilation from the kitchen, WC, laundry room, and bathroom. The ventilation shafts are located 
central in the apartment. The apartments have electrical heating and have individual units for heating. District heating is not available in this 
region, so therefore the heating system is all electric. As can be seen from Figure 22, the apartments are heated but the internal staircases are 
not heated. The constructive walls and the floor continue outside on the west (south) side over the length of the balcony. These walls create a 
large thermal bridge length and a lot of heat is lost here as well as to the unheated spaces.

The main structure of the blocks is made in concrete and the non-load bearing outer walls are timber frame walls. The inner walls are made 
from either aerated concrete or timber frame, depending on the location within the building. More details of the materials used in the building 
elements and the corresponding U-values can be found in Table 2 on page 13. 

Figure 21: Different rooms and orientations on the upper floors

Figure 22: Construction and technical systems on the upper floors

 Living room      Bathroom
 Bedroom      Storage

 Main structure     Shafts

Figure 23: Balconies of Flatåsaunet Figure 24: Close-up of the tile cladding

1 m 5 m 1 : 200

 Heated area      Non-heated area

1 m 5 m 1 : 200
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Building analySiS

As said before, Flatåsaunet was partly renovated in 1995. The old insulation was 
replaced and additional external insulation was added to the outer walls. As a wind 
barrier, 9 mm of gypsum board was added. The original aluminum cladding, which 
was in a bad condition, was replaced by ceramic tiles (60 x 60 cm) with open 
joints and visible clips. The foundation and the surfaces around the entrance were 
extra insulated with 50 mm mineral wool used as a plastering for the tiles. The 
original windows were replaced by windows with insulated glass and a wooden 
frame with aluminum cladding. The balconies were repaired and expanded with 
75 cm over half the length of the balcony. Steel columns were added to support 
the expanded balcony. The old wooden railing was replaced by an aluminum 
railing with stone plates and a steel plate roof was added to the balconies on the 
top floor. Lastly, the facade of the drying rooms was replaced by vertical wooden 
balusters placed on underlying crossbars.

In 2013 the building was analysed to see in what state the building currently is 
(Statusrapport Plussplan, 2013). The report describes the state of the different 
elements, such as windows and drainage, and states whether intervention on 
the different elements is needed or not. At the same time, a survey was handed 
out to the residents regarding their opinion on inner climate, outside areas, and 
general issues of the apartments (TOBB Beboerundersøkelse Flatåsaunet, 2013). 
The report and the resident survey can be found on the appendix-CD. 

Based on these  two documents, a comparison between the state of the building 
and the wishes of the residents was made. Twelve focus points were chosen 
to measure the results on a scale from -3 (very bad) to +3 (very good). The 
comparison is visible in Figure 25 and forms the basis of the refurbishment 
proposals which will be discussed later.

The horizontal axis represents the results from the status report, while the vertical 
axis represents the result from the resident survey. The graph is divided into 4 
zones. The two zones on the left represent the focus points that are in a bad 
condition according to the status report. These elements should be replaced or 
maintained, because they are either broken or reaching the end of life phase. This 
includes the drainage system, electric distribution, balcony door and insulation. 
The façades were not reviewed in the resident survey, but according to the status 
report the condition of the cladding and insulation not good. Due to construction  
mistakes and the poor thermal properties of the facade, the timber facade has 
started to rot on some places. The report also states that the balcony railing and 
steel columns supporting the balconies have faulty joints that need to be replaced.

The focus points located in the right lower corner represent the wishes of the 
residents. These points are in a good condition according to the status report, but 
the residents are not satisfied. This includes the windows, ventilation in the kitchen 
and ventilation in general. The residents also mentioned that there is draught in the 
apartment coming from the windows as well as from the hallway. 

The right upper corner represents the points that are in a good condition and  are 
at the same time satisfactory for the residents. This includes the ventilation in the 
bathroom, the parking zone, and the outside areas. However, some residents wish 
for more colour, plants and seating in the outside areas and for more parking 
spots and garages. These points have no priority, but will make the site more 
attractive and create some extra value.

Table 2: Envelope build-up and U-values of the existing building
Element Materials Thickness Total U-value
Load bearing wall Concrete 150 mm 3,07 W/m2K
Foundation wall Concrete

Insulation
Timber frame w/ insulation
Gypsumboard

150 mm
50 mm
70 mm
-

0,58 W/m2K

Facade wall (short end) Concrete
Timber frame w/ insulation
Gypsumboard

150 mm
100 mm
-

0,43 W/m2K

Facade wall west (south) Timber frame w/ insulation
Gypsumboard

100 mm
-

0,47 W/m2K

Facade wall east (north) Timber frame w/ insulation
Gypsumboard

100 + 50 mm
-

0,33 W/m2K

Roof Concrete
Insulation (isopor)
Asphalt

350 mm
50 mm
-

0,59 W/m2K

Floor (internal) Concrete
Ceiling w/ insulation

200 mm
10 mm

1,46 W/m2K

Floor (basement) Concrete 150 + 150 mm 2,10 W/m2K
Internal wall (non-loadberaing) Aerated concrete or timber 70 mm -
Windows 1,6 W/m2K

Figure 25: Flatasaunet building analysis
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Figure 26: Ground floor (up) and second, third and fourth floor (down) of block II

1 m 5 m 1 : 200  Heated area        Non-heated area        Thermal skin
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Figure 27: Ground floor (up) and second, third and fourth floor (down) of block IV

exiSting deSign

As said before, the apartments are individually heated while 
the staircases are not heated. For this reason, the thermal skin 
is continued around the walls between the apartments and the 
staircase. 

This concept of having separate heated elements with unheated 
zones in between creates a large area of envelope facing a 
colder zone. Besides this, there is also heat loss towards the 
staircases and the staircases will be uncomfortable to be in 
since they can reach low internal temperatures in the winter. 

The main construction of the building is concrete walls that are 
repeated over the length of the building. These walls extend 
outside over the length of the balcony together with the floors. 
There is no proper thermal break between the construction on 
the inside and outside, creating a large thermal bridge in every 
apartment. In addition, the facades are built between the floors 
on all sides of the building. On the east (north) side additional 
insulation was added during the renovation which decreases 
the thermal bridges on this facade. On the west (south) facade 
there is basically a frame of thermal bridges around every 
apartment. 

The facades have a high U-value because they are very thin 
and have little insulation. The average U-value is even lower 
because of the large percentage of windows. Especially on the 
west (south) facades there are almost only windows that have 
a high U-value and a poor airtightness. 

In general there are a lot of unnecessary heat losses in 
this building that can be solved with simple and minimal 
interventions. 

1 m 5 m 1 : 200  Heated area        Non-heated area        Thermal skin
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Figure 28: Section A A’ through block II (left) and block IV (right)

1 m 5 m 1 : 100
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Figure 29: View on the community house



Master thesis: refurbishment of Flatåsaunet Borettslag by L.C. Felius Page | 18

ProBlemS and wiSheS

Figure 30 shows the problems, opportunities and wishes for Flatåsaunet based 
on the analysis of the resident survey, the technical report, and the requirements 
stated in TEK10. The proposals are divided into three categories and shows the 
connection between the different proposals. For instance changing the facade 
expression (“can be done”) will have an effect on the thermal properties and 
possible site development (“must be done”). 

Must be done
The points in this column represent the current problems of Flatåsaunet. 
•	 The thermal comfort of the building needs to be improved. This includes 

upgrading the envelope to improve the thermal properties and the 
airtightness, and changing the ventilation system, because the current 
system in combination with poor airtightness is causing draught and there is 
no possibility for heat recovery. 

•	 The site should be developed so that it is more attractive for the residents 
by for instance creating more pedestrian-only zones. 

•	 Currently electricity is the only energy source in the building. Adding another 
source will increase the flexibility and can result in a smaller amount of 
delivered energy.

•	 Increasing the accessibility can increase the usability and  lifetime of the 
building, which adds value to the building. Small interventions can be done 
to make the buildings partly accessible for all residents.

Can be done
The second column in the figure represents the opportunities that Flatåsaunet 
has, but does not include pressing problems.
•	 The facade is currently in a poor state and the cladding gives the building 

an outdated look. Changing and/or replacing the facade and balconies is 
a good opportunity to improve the thermal properties as well as to create a 
more modern aesthetic. 

•	 To further develop the site, a community building can be added to the site 
that will increase the neighbourhood feeling as well as create a more social 
environment for all residents.

•	 According to TEK10, at least 60% of the netto heating demand should 
be covered by a renewable source. There is an opportunity to connect a 
renewable source that is electricity based to the current heating system, 
which is all-electric.

•	 Ensuring accessibility for all residents to the complete building is a good 
opportunity to increase lifetime and usability.

Would be nice to do
The last column represents wishes of the residents and opportunities of the site 
in general that can create extra value and new or better facilities.
•	 The low ratio of built area to site in combination with the wish of the 

municipality to further densify housing in the city of Trondheim is an 
opportunity to create new units on site.

•	 The residents expressed a wish for more parking and more garages, so this 
can be taken into account in the site concept.

•	 In addition to electricity based renewables, water-based renewables can 
be used for the heating of domestic hot water (DHW) or with a new water-
based heating system.

Figure 30: Scheme with problems, opportunities, and wishes regarding Flatåsaunet
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CO2

 Costs    Lifetime increase    User disturbance      Site      Daylight      Energy consumption

 Savings  Total balance         Ease of use    Architecture  Thermal comfort 
 

CO2   CO2 emissions

facade ProPoSalS

The first refurbishment proposal is to renovate the facade. It is possible to 
a) add external insulation to the existing facade
b) remove the existing facade and replace with a new facade
c) remove the existing facade and replace with a new, extended facade

These options are evaluated in Figure 31 on costs & savings, user friendliness, architecture, 
and technical aspects. The different aspects are scored from very bad (1 point) to very 
good (5 points). The explanation of the different symbols can be found on the bottom of 
this page. 

The option that is chosen for this project is option c) remove the existing facade and 
replace it with a new and extended facade. This is the most expensive refurbishment, 
but at the same time will also add the most value to the building. The lifetime will be 
increased when replacing the whole facade compared to only adding insulation, because 
the timber frame is in a poor condition in some parts of the facade. Taking these points 
into consideration, option c) has the best financial balance due to increased value and 
extra generated floor area.

Replacing the facade will have a lot of disturbance for the user, especially when it is 
extended. For both option a) and b) the internal part of the envelope can be kept in place, 
while a new thermal layer is added. For option c), the facade will be taken away completely, 
so that the residents will permanently have no outer wall. For all options it is necessary that 
the residents move out during the renovation period.

All options have a positive effect on the architecture, because a new cladding material and 
aesthetic can be chosen for the building. By extending the building, there is more freedom 
to change and improve the architectural expression of the existing buildings.

Lastly, it is important that the refurbishment will meet the requirements in the TEK10 standards 
as a minimum. This includes a sufficient daylight factor, thermal properties, and energy 
consumption. The daylight factor will be lower when the facade is extended, because it 
creates deeper rooms. However, the thermal properties will be better, because the thermal 
bridges created by the construction walls that continue outside can be removed. Since 
all options will be refurbished to the same U-values, there will be no change in energy 
consumption, but the CO2 emissions of the last option are higher due to more material use.

Even though there is more user disturbance on option c), the other aspects have more 
positive results and therefore this option is chosen.

Figure 31: Evaluation of different facade refurbishment proposals
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 Savings  Total balance         Ease of use    Architecture  Thermal comfort 
 

CO2   CO2 emissions

roof ProPoSalS

The second refurbishment proposal is to renovate the roof. It is possible to 
a) add external insulation to the existing roof
b) remove the existing roof and replace with a new roof
c) remove the existing roof and add new residential units on top

These options are evaluated in Figure 32 on costs & savings, user friendliness, architecture, 
and technical aspects. The different aspects are scored from very bad (1 point) to very 
good (5 points). The explanation of the different symbols can be found on the bottom of 
this page. 

The option that is chosen for this project is option c) remove the existing roof and add 
new residential units on top. This is the most expensive refurbishment, but will generate 
profit by selling the new apartments. This profit can be used to pay for the refurbishment 
costs for the rest of the building, such as replacing the facades. The lifetime of the building 
will increase, because the envelope is renewed and there is a need to add an elevator 
when there are more than 3 floors. The elevators can also be used by the other residents 
and increases the accessibility to the apartments. This results in option c) having the best 
financial balance.

Option a) and b) will be somewhat disturbing for the residents, but mainly for the fourth 
floor. Adding an extra floor will be more disturbing due to a longer building time, more 
intensive renovations. 

As for architecture, the roof will not be visible from the ground level and therefore both 
option a) and b) will not have an impact on the architecture. Option c) will have quite a 
large impact on the architecture and can be used to improve the aesthetics of the building.

Similar as with the facade refurbishments, there is no change in thermal comfort or energy 
consumption between the different options, because they would all reach the minimum 
standard required by TEK10. There is a difference in CO2 emissions because there is more 
material use to create an extra floor in comparison to only adding insulation.

Both option a) and b) have a quite neutral score on most aspects. Option c) has the most 
extreme scores, both negative and also positive. From the evaluation it becomes clear that 
the positive aspects outweigh the negative and therefore this option was chosen.

Figure 32: Evaluation of different roof refurbishment proposals
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CO2   CO2 emissions

ventilation ProPoSalS

The third refurbishment proposal is to renew the ventilation system. It is possible to 
a) keep a similar system as the existing with mechanical exhaust ventilation
b) change to a balanced ventilation system

These options are evaluated in Figure 33 on costs & savings, user friendliness, architecture, 
and technical aspects. The different aspects are scored from very bad (1 point) to very 
good (5 points). The explanation of the different symbols can be found on the bottom of 
this page. 

The option that is chosen for this project is option b) change the current ventilation system 
to a balanced ventilation system. This system is more expensive than the mechanical 
exhaust ventilation, because it requires more components. However, there is the possibility 
to have heat recovery in a balanced system which results in higher energy savings. Over 
all, the balanced ventilation system will be more expensive, even after the savings. 

For user disturbance there is almost no disturbance for renewing the current system, 
because it will just be a change of some components that are already there. For the 
balanced ventilation, only the exhaust components are there so all the components for 
filtering the air, bringing in the air and for heat recovery need to be installed. A balanced 
ventilation system will be more difficult to use, but with clear information to the resident this 
should not be a problem.

Both systems do not have an impact on the overall architecture. 

The balanced ventilation system scores better on thermal comfort and energy consumption. 
The heat recovery reduces the energy consumption for ventilation. The mechanical exhaust 
ventilation can cause draft if the building is not airtight enough, like it does now, so this 
will cause a decreased thermal comfort. Regarding CO2 emissions the balanced ventilation 
scores worse because there are more components needed.

Since draft was pointed out as an issue in the current buildings, a balanced ventilation 
system will be the better solution to overcome this problem. 

Figure 33: Evaluation of different ventilation principles
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CO2   CO2 emissions

energy Source ProPoSalS

The last refurbishment proposal is to add a new energy source. It is possible to 
a) add photovoltaic panels to the roof
b) add solar thermal panels to the roof
c) add a heat pump

These options are evaluated in Figure 34 on costs & savings, user friendliness, architecture, 
and technical aspects. The different aspects are scored from very bad (1 point) to very 
good (5 points). The explanation of the different symbols can be found on the bottom of 
this page. 

The options that are chosen for this project are option a) add photovoltaic panels, and 
option c) add a heat pump. All renewables have high investment cost, but also will generate 
profit over time. The heat pump has the longest lifetime since PV panels and solar thermal 
panels loose a lot of efficiency after 20 years. Therefore, the financial balance is around the 
same. It is a neutral balance, because over time these renewables will pay back themselves 
and result in profit. 

All the options require some work inside the building, but it will mostly be done in the 
technical rooms. The PV panels and solar thermal panels need to be installed on the roof, 
whereas the heat pump can be installed on site, which is less disturbing for the residents. 
The ease of use is the same for all systems, because there should be no change for the 
residents. 

The heat pump does not affect the architecture or site quality, but the PV panels and the 
solar thermal panels can have a positive effect when they are integrated into the design. 
Especially when panels are used on the facade it will have an impact, but in this case that 
is not profitable so this option is not considered.

The PV panels will have the highest effect on the energy consumption, because everything 
is all-electric. However, solar thermal panels and a heat pump can be used to cover some 
of the domestic hot water demand. The heat pump will have a large effect because it is 
constant over the year, whereas the PV panels and solar thermal panels will have a high 
output in summer, when the demands are lower, and a low output in the winter, when the 
demands are high. They will also have higher CO2 emissions than the heat pump.

The constant output of the heat pump and the easy connection of PV panels to the existing 
electric heating system are the main reasons for choosing these options. They will be more 
profitable than the solar thermal panels. 

Figure 34: Evaluation of different energy sources
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Figure 35: View of block II
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Thermal comfort
• Add insulation
• Replace windows
• Ventilation system
• Easy control system

Site development
• General improvements
• Common areas

Accessibility (partly)

Facade expression
• Materiality
• Balconies
• Entrance

Additions to the building
• Placement of building
• Function

Use of renewables

deSign imProvementS

After analysing different problems and wishes and evaluating some of the proposals, this part of the report 
explains the ‘how’ and ‘why’ behind the chosen improvements for the design. Of course, all the elements 
in the “must be done” column from Figure 30 on page 18 have to be addressed as a minimum.

Thermal comfort
The thermal comfort can be improved by increasing the thermal properties of the envelope, by making 
changes to the ventilation system, and by having an easily controlled system so that it will be used 
correctly. The changes to the envelope will be discussed in the paragraph below. The ventilation system 
will be changed from a mechanical exhaust ventilation system to a balanced ventilation system, as 
discussed in ‘ventilation proposals’. This system will have pre-programmed settings for comfort ventilation 
during the day and night and for purge ventilation. This makes it easy for the residents to use.

Facade expression
From the analysis ‘facade proposals’ it was concluded that the best option for renovation the facade is 
to replace and extend it. The structural part of the existing facade is in a poor state, so this has to be 
replaced. By taking away the old facade and extending it, thermal bridges are removed and extra floor 
area is generated. This increases the value of the individual apartments as well as increases the thermal 
comfort by having better thermal properties of the envelope.

Additions to the building
In order to increase the density of the site, new residential units will be added. These new units can 
be placed on top of the existing buildings or as a new building, possibly in combination with a parking 
garage. In this design the units are placed as a new floor on the existing building, because refurbishment 
of the buildings is the focus in this thesis. After refurbishing the existing buildings, it is possible to conduct 

another study regarding the placement of a new building. The units are placed on top of the building 
in combination with adding insulation to the existing roof. The units will be built of prefab modules and 
prefab components, as will be discussed later in the report. 

Accessibility
As said before, increasing the accessibility can increase the usability and lifetime of the building, which 
adds value to the building. It is rather easy to make the building partly accessible, because the ground 
floor is already accessible for all. However, because of the typology of the building with the staircases 
placed internally, it is more difficult to make the whole building accessible. This requires placing an 
elevator in every staircase. It is also possible to place an elevator on the outside of the building and 
connect it to all the internal staircases by taking away either a bedroom or storage space. Eventually this 
is neither desirable nor profitable. The newly built units need to be accessible with an elevator because 
it is built on the fourth floor (TEK10, §12.3). Therefore the staircases on the ends (and middle if needed) 
of the building are changed to include an elevator, which gives universal access to not only the new 
apartments, but also the apartments in the existing building that are accessed via that staircase. Thus 
partial accessibility is achieved.

Site development
The site development is explained on the next page.

Use of renewables
Based on the analysis from the ‘energy source proposals’, the energy consumption of the buildings will 
be partly covered by renewables. A heat pump and PV-panels on the roof of the new floor will be added 
to the site. The output of these systems will be discussed further on in the report. 

Figure 36: Points of improvement that are being addressed



Master thesis: refurbishment of Flatåsaunet Borettslag by L.C. Felius Page | 25

Site concePt

This map shows the new site concept for Flatåsaunet 
Borettslag. The main concept is to encourage social 
activities around the blocks. The improvements should 
invite for a variety of residents by creating spaces for 
different age groups and household groups. There 
are three parts contributing to this concept.

Adding a community house
The community house is the most important 
improvement of the site. It is located south of the 
existing playground in a central place between all 
the blocks. The community house is accessible from 
several sides and is built partly into the hill, where 
a new path crosses over the roof. The building has 
one floor and has an increased floor height towards 
east. The main entrances to the building are on the 
south and north, but the common rooms can also 
be entered from the terrace. There are two common 
rooms: a large room with tables and a leisure room. 
In addition there is a kitchen, toilets, and a technical 
room. Storage units for the new apartments are placed 
on the west side (inside the hill) of the building. The 
terrace offers seating for the residents with a view 
over the playground and soccer field. 

Creating a car-free zone 
From the site analysis it became clear that almost all 
the roads on the site are accessible for motorised 
traffic. To increase the value of the site and encourage 
a variety in residents, it is important that it is safe for 
children to play around the building but at the same 
time the parking should be close for easy access to 
the building. Therefore a pedestrian road is placed 
on the east (north) side of the buildings between the 
building and the parking, which is still accessible for 
emergency services. The pavement of the pedestrian 
zones will be of a lighter colour than the parking, 
to have a visible difference. In addition, vegetation 
will be placed between the pedestrian roads and the 
parking to break the large paved areas and to create 
a nicer view from the rooms facing the parking areas.

Improving the existing playground
Currently there are a soccer field and a playground 
on the site. The residents are happy with this, but they 
wish for more colour and vegetation, and for more 
seating. The improved playground has more seating 
and there is a barrier of bushes around the soccer 
field so create a difference between the terrace, 
soccer field, and the playground. More benches are 
placed around the playground and soccer field.

Figure 37: Site concept
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Figure 38: Refurbishment proposals
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Figure 38 on the left page illustrates the refurbishment process. The different steps in 
the process will be discussed here. The process of removing the facades and adding a 
new facade is illustrated in more detail on the next page. All changes to the building are 
done according to the existing building grid, which has a dimension of 3,05 meter. The 
constructive walls of the building are placed with a distance of either 1 M around the 
staircases and 2 M between the apartments.  A smaller grid with the distance of 0,6 meter 
is created withing the existing grid for the placement of the windows. This is at the same 
time the distance between the studs in a timber frame wall. 

1. Remove the existing facades step by step
The facades of the building will be removed per vertical column of apartments. Thus the 
apartments will be renovated with four at a time. Therefore the building period per apartment 
can be kept to a minimum and the renovation can be executed during a vacation of the 
residents. 

2. Add new and extended facades as prefab elements
The facades will be added as prefab elements with the height of one apartment, starting 
from the ground floor and stacking up towards the top floor. The prefab elements include 
the timber frame construction, the vapour barrier, the wind barrier, and a wooden framework 
on both sides. The cladding can be added to the external framework when the complete 
facade has been replaced to achieve a continuing appearance of the facade. Gypsumboard 
can be added to the wooden framework on the inside so that the cables can be easily 
installed before the final layer is added. 

The facade will be extended, as can be seen on Figure 39. On the east (and north) side 
of the building there is an extension of 1,1 meter. The facade will not be extended where 
the entrances are located. The bedrooms above the entrances will have a balcony as 
extension instead. The facade on the west (and south) is extended over 1,5 meter, which 
is the length of the old balcony. Basically the new facade is placed around the constructing 
walls so that the thermal bridges are removed. New balconies are added with a width of 
4,2 meter and a depth of 2,4 meter. 

3. Add a new floor as prefab modules to the existing roof
As a final step a new floor is added. These new apartments have a service core in the 
middle with bathrooms facing east (or north) and the living room with balcony facing east 
(or south). They follow the grid of the existing building. The existing  insulation is removed 
from the roof and a steel frame is placed on top of the existing construction where the new 
floor can be placed upon. The stairs and elevators are continued to this new floor. Firstly, 
the cores of the apartments, with technical room, bathroom, and kitchen will be placed as 
a module. The apartments are finished by placing the outer walls as prefab elements. The 
walls for the hall with staircase and elevator are placed after this. Similar as to the other 
facade elements, the cladding and the internal gypsumboard will be added later. The roof 
will be placed as one element in the final step. 

refurBiShment ProPoSalS

Figure 39: Existing grid of the buildings

Figure 40: Extension of the apartments after the refurbishment
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The use of materials is visualised in Figure 41. A detailed visualisation 
of how the facades will be replaced is visible in Figure 43 on page 
29.

The new components will all be prefab components with a timber 
frame structure. The choice for prefab is because of the fast 
construction time of the components, the quality of the components, 
the lower building costs, and the decreased waste on site. This 
will all result in fewer expenses and less disturbance for the users 
compared to an on-site construction.

The cladding of the building is pine which is used treated on the 
existing part and untreated on the added floor. This is to show 
the difference between the old building and the newly added 
modules. The components with untreated pine will be exposed to 
the elements before being placed on he building, so that the gray 
colour is already visible when it is mounted on the building. If this is 
not done, the cladding will not change colour everywhere because 
parts of the facade are sheltered from the rain. The cladding is used 
both vertically and horizontally. The horizontal lines are placed on 
the heights of the floor and roof constructions and show some of 
the old horizontal aesthetics. 

The balconies are steel and glass elements that  have a pine wood 
cladding as well. Every balcony has steel trusses that define the 
railing of the balcony to avoid the use of columns for supporting the 
balconies. On the inside of the trusses, glass is used to complete 
the railing. 

The roof of the top floor will be extended outwards to create a 
sheltered entrance for the residents on the east side and to cover 
part of the balconies on the west side. This extension is done in 
glass and aluminum so that it will not block the sunlight, only the 
rain and snow.

materialS uSed

Disturbance is an important issue for the residents, hence the choice 
for prefab elements, but another important issue for the residents 
is the costs and savings of the refurbishment. Since Flatåsaunet 
is a borettslag, this means that for any investments to the site or 
buildings in general the residents will share a mortgage. This means 
that they have to pay for the renovation measures that are done 
to Flatåsaunet. Therefore, it is important that these measures are 
profitable and that they give something extra back to the residents.

A balance of costs and savings is shown in Figure 41. This shows 
roughly the costs that are associated with renovating the facades 
and adding a new floor with PV-panels on the roof, and the savings 
as a result of a decreased energy consumption, added value by 
increasing and improving the existing apartments and the selling 
value of the new apartments. All the values for costs and savings 
per element are taken from Norsk Prisbok 2011 and are converted 
to prices for 2014 confirm the boligprisindeksen. 

The balance shows the total profit of costs and savings, but it 
also shows the balance before the extra value from the existing 
apartments is added. This is because this profit is not available until 
the apartments are sold. 

The balance before the added value of the existing apartments is a 
profit of almost 9 million NOK. This money can be used to pay for 
the elements that are not included in the balance, such as the heat 
pump and the site improvements. These were not included because 
for the heat pump no calculations were done to estimate the size of 
the system, and for the site no estimation on total costs was done. 
The balance after selling the existing apartments is even higher, 
however this is added value for the residents themselves. 

Finally, the residents have apartments with better standards and a 
higher value and in addition have access to improved site facilities.

ProfitaBility

Balance of costs and profits
Refurbishment  costs   
West facade   - 3.176.450 NOK
Balconies   - 1.353.000 NOK
East facade   - 2.849.172 NOK
South facade   - 500.649 NOK
North facade   - 500.649 NOK

New apartment costs
Top floor (prefab)  - 15.259.230 NOK
Terrace with insulation - 2.267.490 NOK
PV panels   - 1.330.156 NOK

Profits 
Energy savings     + 325.950 NOK
Added value existing     + 22.427.124 NOK
New apartments     + 35.775.000 NOK

_______________________________________________________________

Balance before added value    + 8.864.154 NOK
of the existing apartments

Total balance      + 31.291.278 NOK

All values are given in NOK for block III
All costs are calculated with adjusted values from Norsk Prisbok 2011
Not taken into account: heat pump and site development costs

Figure 41: Balance of costs and savings for the refurbishment

Figure 42: Close-up of the materials used in the facade
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Figure 43: Detail (1:30) of the replacement of the facade
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drawingS

GROUND FLOOR 1:250

Figure 44: Ground floor shown in the site plan
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FOURTH FLOOR 1:250

Figure 45: Fourth floor shown in the site plan
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TOP FLOOR 1:250

Figure 46: Top floor shown in the site plan
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1 m 5 m 1 : 100

Figure 47: Floor plan of the refurbished ground floor

 Load bearing wall        Internal existing wall         New facade      Thermal skin
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1 m 5 m 1 : 100

Figure 48: Floor plan of the refurbished fourth floor

 Load bearing wall        Internal existing wall         New facade      Thermal skin
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1 m 5 m 1 : 100

Figure 49: Floor plan of the refurbished top floor

 Load bearing wall        Module system           New facade      Thermal skin
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Figure 50: East elevation 

Figure 51: West elevation
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Figure 52: Architectural section
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Figure 53: Detailed section 1:50
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Figure 54: View of block III
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daylight

Daylight and a view towards the outside were two important aspects during the design 
process of this project. The Norwegian standards (TEK10) require a minimum average 
daylight factor of 2% in every room. In order to fulfill these requirements, as well as explore 
the possibilities of different window settings, Ecotect in combination with Radiance was 
used to calculate the daylight factor in the rooms. The daylight factors were calculated for 
an overcast sky and an sky illumination of 10.000 lux.

The facades will be constructed of prefab timber frame elements, which require horizontal 
studs above and under windows. This means a higher percentage of wood in the facade, 
which can negatively influence the total U-value of the facade. To avoid this, the windows 
have the same height as the floors and are often merged into larger surfaces to decrease 
the percentage of the frame. 

All the windows fit into the existing grid of the building, and in order to define the amount 
and width of the windows, daylight studies were used as well as the impact on the 
architectural expression that was a result of the different compositions. The results of the 
daylight studies of the living rooms in the apartments after refurbishment can be seen in 
the figures to the left and in the table below. These studies have also been done for the 
bedrooms, but only the results of the living room are shown here. Regarding the bedrooms, 
similar considerations have been made to define the amount and width of the windows.

Table 3: Daylight factors as a result of the daylight study
Percentage of windows in the facade Average daylight factor
40% windows 1,79%
50% windows 2,22%
60% windows 2,77%
Original facade 6,03%

As can be seen from Table 3 the option were the facade has only 40% windows is not 
sufficient for the TEK10 requirements. The other two options are sufficient, but the facade 
with 50% windows is only a little higher minimum. The results of the facade with 60% 
windows are better and the light reaches visibly further into the room. These results in 
combination with the good view the wider windows offer were the reasons to choose to 
have the facades of the living room with a ratio of 60% windows. The bedrooms have a 
ratio of windows to facade between 40 and 50%. To avoid overheating and glare, all the 
windows facing south and east have a manually operated screen on the outside of the 
windows to provide solar shading.

In the plans it is visible that the daylight does not reach far into the room, which means 
that for the back part of the room artificial lighting has to be used most of the time. This 
is a consequence of extending the facade and creating a deep floor plan. Placing more 
windows to overcome this will result in a facade with 100% windows, a low average 
U-value of the facade, and glare problems close to the facade. Therefore, the optimal ratio 
of windows to facade for the living rooms is chosen to be 60%. 

However, the daylight factor after the refurbishment has decreased by more than 50% 
compared to the existing situation. This is one of the disadvantages of the refurbishment. 
There is a choice between removing thermal bridges created by the balconies and having 
a high daylight factor in the living room. In this case it was more important to remove the 
thermal bridges and create a better indoor climate and decrease the energy consumption.

Figure 55: Contours showing the daylight factor with 40% windows Figure 56: Plan, 40% windows

Figure 57: Contours showing the daylight factor with 50% windows Figure 58: Plan, 50% windows

Figure 59: Contours showing the daylight factor with 50% windows Figure 60: Plan, 50% windows
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daylight

The figures above show the daylight factors in the floor plan of one apartment 
for the existing and refurbished apartments and for the top floor. The average 
daylight factors of the different floor plans and the different rooms can be found 
in Table 4.

The daylight factor in the living room of the existing apartments has decreased, 
but is still sufficient, while the daylight factor on the ground floor of the bedrooms 
has increased. This is because in the existing building the living room has an 
almost fully glazed facade, while the bedrooms have windows with a sill height 
of 1,5 meter above the floor. As said before, extending the facade creates 
deeper floor plans which makes it more difficult for the daylight to reach the 
whole room.

The top floor has very high daylight factors in all the rooms because of the low 
room depth, and will even have light rooms during the dark winter days. 

Table 4: Average daylight factor per room for a typical existing, refurbished, and additional apartment
Existing Daylightfactor Refurbished Daylightfactor Top floor Daylightfactor
Living room 6,03 % Living room 2,77 % Living room 6,86 %
Bedroom, left 2,57 % Bedroom, left 3,85 % Bedroom, left 4,29 %
Bedroom, center 2,26 % Bedroom, center 4,11 % Hall 2,41 %
Bedroom, right 2,22 % Bedroom, right 2,51 % Bedroom, right 5,10 %

Figure 61: Daylight factors of the existing floor plan Figure 62: Daylight factors of the refurbished floor plan Figure 63: Daylight factors of the top floor plan
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energy conSumPtion

Simulations in SIMIEN were done to compare the energy consumption of the 
existing building in its current state to the building after refurbishment.  The new 
U-values that were used in the simulations can be found in Table 6. The results 
of the simulation where the whole building was simulated can be seen in Table 
5 and the results per floor can be seen in Figure 64 and Figure 65. The results 
shown here are just a summary of the results and the complete data from the 
simulations can be found on the appendix-CD. 

Table 5: Delivered energy to the building
Building situation Energy consumption Delivered energy
Existing building 154,9 kWh/m2 168,0 kWh/m2

Refurbished building 90,4 kWh/m2 95,9 kWh/m2

The total energy consumption of the building is reduced with 42% and does 
now fulfill the requirement of an energy consumption that is ≤ 115 kWh/m2 per 
year. This requirement has to be met by residential blocks with an area higher 
than 500 square meter.

The energy consumption for the ground and top apartments is higher than the 
average, while the middle apartments have a lower average energy consumption. 
The yearly energy consumption of the newly added floor is also higher than the 
average. This is because the top floor has quite a high percentage of windows 
and there is a large roof area. The ground floor apartments are placed over 
a basement with lower thermal properties than the rest of the building. Even 
though the floor towards the basement is insulated, there will be heat losses to 
the basement. The apartments on the fourth floor have the highest reduction 
in energy consumption (54%) due to the better insulation of the roof and the 
newly added floor. 

Figure 66 shows the percentual breakdown of the energy consumption. The 
biggest savings are reached in space heating, which had a contribution of 
57% to the energy consumption in the existing building and a contribution of 
15% to the new balance. Domestic hot water, equipment, and lighting have 
increased in percentage because there is a larger demand due to increased 
floor space, and there is a decreased demand for space heating which makes 
the percentual contribution of these posts higher. 
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113 KWH/M2

181 KWH/M2
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116 KWH/M2
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Figure 64: Energy consumption of the existing building Figure 65: Energy consumption of the refurbished building

Table 6: Envelope build-up and U-values of the refurbished building
Element Materials Thickness Total U-value
Load bearing wall Concrete 150 mm 3,07 W/m2K
Foundation wall Concrete

Insulation
Timber frame w/ insulation
Gypsumboard

150 mm
100 mm
70 mm
-

0,43 W/m2K

Facade wall Timber frame w/ insulation
Gypsumboard

300 mm
-

0,15 W/m2K

Roof (existing) Concrete
Insulation
Bitumen

350 mm
300 mm
-

0,12 W/m2K

Roof (top floor) Timber frame w/ insulation
Insulation
Gypsumboard

300 mm
50 mm
-

0,13 W/m2K

Floor (internal) Concrete
Ceiling w/ insulation

200 mm
50 mm

1,46 W/m2K

Floor (basement) Concrete 150 + 150 mm 2,10 W/m2K
Internal wall (non-loadberaing) Timber frame 70 mm -
Windows 0,8 W/m2K
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Figure 66: Distribution of the total energy consumption in kWh per year 
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uSe of renewaBleS

Based on the delivered energy to the building and what type of energy is 
delivered, the building can be classified. The mark will move upwards with a 
lower energy use and move to the right when the percentage of fossil fuels 
used to deliver the energy is lower. The outcomes of this classification can be 
seen in Figure 67. The existing building (image to the left) has been classified 
as F and uses only electricity as an energy source. The building after the 
refurbishment  (central image) improves from F to C, but still uses electricity as 
the only source of energy. To further increase the classification, renewables can 
be used as an extra energy source.

The roof of the new floors has a large area that is not shaded so it is a good 
surface to use for solar energy. It is possible to install photovoltaic (PV) panels, 
solar thermal panels, or a combination of both. As analysed before, a heat pump 
will be more effective than solar thermal panels because of the constant output 
throughout the year, and photovoltaic panels can be easily connected to the 
current heating system because there is an electric heating system. Because of 
the sun angles and hours of daylight in Norway, there will be more production 
than demand in the summer, so the electricity can be sold back to the grid, 
and in winter there will be more demand then production and electricity is taken 
from the grid. 

There are three blocks facing west and one block facing south. The angle of 
the roof will be so that the roof is lowest over the bedrooms and opens up over 
the living room towards the balcony. This means that the roof on block IV will 
be facing north. Due to a low production for this orientation and roof angle, this 
roof will not be used for production. The other blocks will have a roof angle 
towards east. Several angles of the roof have been simulated in PVsyst to see 
the difference in output. The results can be found in Table 7.

There will be more production with a larger roof angle because of a more 
optimal orientation and a larger area, but that will also create a large air volume 
which has to be heated, and this will not benefit the balance. Therefore the 
roof with an angle of 15 degrees is not optimal. The roof with an angle of 
10 degrees has a lower production than the roof with 5 degrees due to the 
arrangement of modules. The most optimal area of PV-panels placed on the 
10 degree roof is equal to the 5 degree roof and therefore the production per 
square meter is a bit lower. Eventually the different options have very similar 
outputs, but the roof with a 5 degree angle is chosen due to a good balance 
between production, little increased air volume, and architectural considerations. 
In addition, a low slope will work better for the drainage of the roof, which is 
important when there is snow and rain during the winter.

Finally, the energy classification with the renewables has improved to a yellow 
A, because 35% of the energy demand is now produced by renewables. This 
decreases the delivered energy by electricity from 95,9 kWh/m2 per year to 
54,4 kWh/m2. The rest of the energy demand is delivered by the renewables. 
The energy balance of the three different scenarios with the yearly results of the 
energy consumption, the delivered energy, the energy produced by renewables, 
and CO2 emissions from the energy is shown in Figure 68. There is a drop in 
CO2 emissions associated with the delivered energy because less energy is 
delivered by electricity. However, it has to be noted that PV-panels have very 
high CO2 emissions that are not taken into account in this calculation.

Table 7: Production of photovoltaic panels on block III
Angle of roof Roof area Modules [nr] Modules [m2] Yearly output Yearly output per m2

0 degree 876,6 m2 520 846 m2 95.867 kWh 16,9 kWh/m2 BRA
5 degree 880,8 m2 540 879 m2 99.693 kWh 17,6 kWh/m2 BRA
10 degrees 891,0 m2 540 879 m2 99.328 kWh 17,5 kWh/m2 BRA
15 degrees 908,5 m2 551 896 m2 101.030 kWh 17,9 kWh/m2 BRA

Figure 67: Energy classification of the three different scenario’s

Figure 68: Energy balance
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Figure 69: Flatåsaunet after refurbishment
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The thesis proposes a solution for a sustainable refurbishment of Flatåsaunet Borettslag 
taking into account the site, the buildings, and the residents. Several parts of the building 
have exceeded its lifetime and the envelope is not reaching the current standards set 
by the Norwegian building regulations. In addition, the residents have expressed some 
complaints and wishes regarding the interior and exterior of the blocks. The project focusses 
on upgrading the existing building, site development, and increasing the sustainability 
of the buildings and the site. The refurbishment concept is evaluated on finances, user, 
architecture, and technical aspects throughout the design process. 

The site around the buildings is developed to encourage social activities around the blocks. 
The improvements include adding a community house, creating a car-free zone around 
the buildings, and improving the existing playground. 

One of the most important renovations is the upgrading of the envelope to ensure thermal 
properties that are required by the Norwegian building code. This is done by taking away 
the old facade and extending it to remove thermal bridges. At the same time the ventilation 
system is upgraded from a mechanical exhaust system to a balanced system. The roof is 
extra insulated. In addition, extra residential units are placed on top of the building to create 
a new floor. This is combined with having elevators that are placed in some of the existing 
staircases and therefore provide universal accessibility to the new and several of the existing 
apartments. The facades and the new units are constructed with prefab components with 
a timber frame structure. The choice for prefab components is because of the fast building 
time, the quality of the components, the lower costs and the decreased waste on site. This 
results in fewer expenses and less disturbance for the users.

A disadvantage of the new facades is a decrease of the daylight factor in the living rooms. 
This is a result of creating deeper floor plans to remove the existing thermal bridges. In 
this case it was more important to remove the thermal bridges and create a better indoor 
climate and decrease the energy consumption.

After the refurbishments, the total energy consumption of the building is reduced with 42% 
of which 35% of the energy demand is now produced by the heat pump and the PV-
panels. This decreases the delivered energy by electricity from 95,9 kWh/m2 per year to 
54,4 kWh/m2. There is also drop in CO2 emissions associated with the delivered energy. 
However, it has to be noted that PV-panels have very high CO2 emissions that are not 
taken into account here.

An important part for the residents is the profitability of this project. After the costs for the 
refurbishment, the energy savings, and the selling price of the new apartments, the project 
has a profit of almost 9 million NOK. This profit can be used to pay for the elements that 
are not included in the balance, such as the heat pump and the site improvements. 

The apartments are refurbished based on the problems of the building and the wishes of 
the residents. Simulations were used during the design process to justify the improvements 
to the site and buildings. Finally, the residents have apartments with better standards and a 
higher value. New apartments and an improved site contribute to the social sustainability of 
the borettslag.
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