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Abstract 
 
Energy efficiency in existing buildings is a primary concern for the European Union and Sweden in fighting 
climate change. To achieve the 20% energy reduction in buildings target by 2020, the broad base of 
building owners must understand the technical and financial benefits of choosing energy efficient 
upgrades when renovating their properties. This report is a technical supplement to the upcoming 
publication by the Swedish HVAC industry organization VVS Företagen, which seeks to inform their 
customer base about energy efficiency. Nine common Swedish apartment buildings from 1945 up to 1985 
have been modeled in Design Builder building energy modeling software, with three energy saving 
packages applied. The energy saving packages represent a decision to choose more expensive, but more 
energy efficient equipment that can be installed during routine renovations. In each case, the data 
reported are total annual energy usage, heat balance, accumulated cash flow over a 40-year period and 
the internal rate of return for each package. The technical and financial performance of each building 
varies significantly depending on type, but most packages on most buildings have an IRR greater than 5%. 
While the results displayed here cannot directly represent a specific building, the data is a good resource 
for owners to understand what performance they can expect for their specific building. The technical 
information reported here is appropriate for the VVS Företagen publication. 
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NOMENCLATURE 

HVAC Heating Ventilation and Air Conditioning 

IRR Internal Rate of Return 

Lamell house   From the Swedish word lamellhus. The buildings are low rise and 
long with apartments facing two opposite directions. 

Loftgång house From the Swedish word loftgångshus. The buildings are long 
buildings that could be either low rise or high-rise with apartments 
facing two opposite directions. 

Punkt house From the Swedish word punkthus. They have a square foundation 
and could be both low rise and high-rise. Perhaps the most common 
one is high-rise ones. 

SFP Specific Fan Power. A measure of how efficient a fan operates. 

Skiv house From the Swedish word skivhus. The buildings are high-rise and long 
with most apartments facing two opposite directions. 

Sveby Standardisera och ,verifiera energiprestanda I byggnader, Swedish 
for standardize and verify energy performance in buildings. A 
development program run by construction and real estate industry. 

Typical Building A building that is constructed using conventional methods for the 
time when it was built. It is also considered to be a type of a building 
that is common and widely spread in cities of Sweden. 
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1 INTRODUCTION 
Swedish building regulations for new or renovated houses continue to get tougher, and these houses 
perform quite well from an energy usage perspective. The problem is that the lifetime of houses is 
quite long and there are many houses in the Swedish house stock built in the 1950s to the 1970s that 
uses a lot of energy and are in desperate need of retrofitting and renovation.  

Oftentimes houses have been renovated, but this is often done in small steps and without energy 
saving measures in mind. For example: if a landlord invests money in renovating the façade, without 
evaluating the possibility of adding insulation in the walls at the same time, the likelihood of the 
landlord investing in extra insulation at a later time will be very small. It is therefore necessary that 
landlords and building owners know the possibilities for energy saving measures and what the results 
can be. 

A better understanding of building energy performance will help push the development of energy 
efficiency further. To meet this need, the Swedish HVAC industry group, VVS Företagen has decided 
to publish a book aimed at introducing energy efficiency to building owners. The book will be aimed 
at a broad, non-technical audience but will still require simple energy usage statistics. 
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2 OBJECTIVES 
The aim of this project is to investigate the energy performance of typical Swedish apartment 
buildings and how different packages of energy saving measures affect buildings energy use. The 
ultimate purpose of the project is to generate data that will be the base in an informative and 
comprehensible book aiming at building owners who want to know how energy saving renovations 
can affect their building’s energy performance and cost. The goal is that this book will encourage 
those decision makers to invest in such measures. 
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3 SCOPE  
In an attempt to capture a broad building base in Sweden, nine apartment building types 
representing typical construction from the 1940’s, 1950’s, 1960’s, 1970’s and up to 1985 have been 
selected for assessment. The buildings have been chosen by VVS Företagen from the book Så 
byggdes husen (Björk, C., Kallstenius, P., Reppen, L., 1984), which is a collection of Swedish 
apartments buildings built from 1880-1980. Efficiency measures will be implemented as packages 
rather than explored individually. This approach is used since it is much more common to implement 
more than one measure at a time when efficiency enhancing projects once has started. It is also 
better to simulate several measures at a time since earlier experiences showed that there is not 
always possible to add up single measures to a total saving. 

3.1 Software 
The software that is used for this assessment is Design Builder, created by Design Builder Software 
Ltd in the U.K. Design Builder is a graphical user interface connected to the U.S. Department of 
Energy’s calculation engine EnergyPlus, which is a common and well respected building energy 
model. It is known that when comparing building energy models, the same building can have 
different results in various software packages. However, this study is primarily focused on the 
relationship between various efficiency packages rather than absolute accuracy.  

Heat pump calculations have been made through IVT’s program VPW2100 and all post processing is 
done with Microsoft Office Excel. 

3.2 Approach 
Before modeling the target buildings and applying energy packages, a modeling standard must be 
established. This is done by creating several Design Builder models of varying detail of a single 
building with known energy usage values. Common input values are used to build the models, and 
when an acceptable level of detail and accuracy is found the main principles are translated to the 
other building types. The input data consists mainly of building information such as size and 
construction, but also of energy source for heating, cooling et cetera. Internal gains are added from 
typical usage figures stated by Sveby – an abbreviation in Swedish for “standardize and verify energy 
performance in buildings”. The information provided by Sveby is commonly used as standard values 
in Sweden.  

Three different packages of energy saving measures compiled by VVS Företagen are then to be 
evaluated. The different buildings that will be investigated are taken from the book Så byggdes 
husen. The drawings and construction are used when forming all buildings Design Builder. There is 
one exception; the house used the initializing part. That house is created from data both from the 
book and from an existing house. An economic analysis of the different energy saving packages will 
also be performed. This information is possibly the most valuable data for the target audience in that 
many building owners make building upgrades based primarily on investment performance. 

3.3 Limitations 
There are a number of limitations of building energy modeling software that must be considered. 
While an effort has been made to create as accurate of a model as possible, any model is a 
simplification of the real world object it represents. And while Design Builder is very powerful and 
can represent very detailed buildings, simplifications are necessary to keep run times practical or to 
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be able to even run the simulations at all. Furthermore, there are parameters that are not possible to 
edit and must be left to the software to handle. These are common limitations of any modeling 
software, and thus should not limit the validity of the results. 

A more methodological limitation of this process is the vast number of assumptions that must be 
made. In the initialization model, which is used to set all of the other building parameters, only final 
energy usage is known and a few air handling unit settings. Otherwise all internal gains, building 
usage, thermostat settings must be assumed. While Swedish energy statistics are used to create 
these values, it must be stated that what is “common” is not necessarily what a specific owner can 
expect in their building. There is already a high degree of error when attempting to model a single 
building with well-known variables, but in this case a “typical building” is being modeled and thus the 
results can only be used as a guideline and should not be used as an accurate representation of any 
single existing building.   

The packages used have a number of renovation features in them, described in section 4.2.2. In some 
cases, building owners may not be interested in all aspects of a package or have already done a 
similar renovation recently. In this case, it will be difficult to discern what impact the individual 
components of a package have on the results and the building owner will have to consult an energy 
expert to look specifically at their building. 

Lastly, the main focus will be on the building energy use. In contrast to the Swedish energy 
declaration this study also includes laundry and exterior lighting in the common electricity use. 

3.4 Outcomes 
The outcomes will be results provided by the Design Builder simulations and the cost analysis that 
will be done separately. The results will show the energy usage in the buildings, with and without 
different energy saving packages. The cost analysis will show the cost of installing a whole package of 
measures, not just one single measure at a time. The results provided in this report will be the 
technical base for the VVS Företagen book.  
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4 METHOD 

4.1 Initialization 
To build a method for making the models in Design Builder, an existing building with known energy 
usage is used as “calibration” model. The building chosen is a punkt house type built in Högdalen in 
1961. There is a lot of data about the building available, along with an energy declaration. The energy 
declaration delivers the building’s total energy and electricity use, excluding the household 
electricity. To make the model as accurate as possible, the aim was to achieve the same usage in the 
simulation. 

To match the usage a lot of input variables had to be compiled. To the most possible extent given 
data for building has been used, but in cases where no information was found information from a 
report conducted by Sveby was used. The report is an interpretation of requirements found in the 
BBR, regulations made by the Swedish authority, Boverket, and it includes guidelines for usage data 
for energy calculations of housing. 

To check the accuracy of the model, a sensitivity analysis is carried out by comparing different detail 
levels and modeling techniques for accuracy and time. Six models were built, with difference in the 
construction of the exterior of the model, the amount of internal divisions on the floors and the 
method in which the model is built.  

4.1.1 Model 1 
The first model has the overall shape of the building, but no balconies are included. Each floor has 
been drawn as an open space without internal walls for division of apartments or rooms (Figure 1). 
The similarities between the second, third, fourth, fifth, sixth and seventh floor made it possible to 
simplify modeling by making them to adiabatic blocks. In this way the fifth floor is modeled and the 
others (second, third, fourth, sixth and seventh) are said to get the same results. This is done in an 
attempt to reduce modeling time. 

 

Figure 1: Model one from the exterior (left) and floor plan (right) 
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4.1.2 Model 2 
The second model is similar to the first one except that the adiabatic blocks for the floors have been 
taken away and all floors are now simulated individually (Figure 2). The floors are still only one zone 
without internal walls. The reason to try this model was to investigate if it made a difference to have 
adiabatic blocks for the similar floors or not. 

 

Figure 2: Model two with each floor modeled separately. 

4.1.3 Model 3 
In the third model the envelope looks the same as in the second, but internal walls has been 
introduced. Each floor is divided into three zones, one for the stairwell and one for the north and 
south side respectively (Figure 3). The zones with the same orientation have been merged together 
for the apartment floors. The results of this model will be used to examine if it is important to have 
divisions between the north and south side of the building and to include the stairwell into the 
simulation.  

 

Figure 3: The third model, including internal walls. 
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4.1.4 Model 4 
In the fourth model the apartment floors has been divided into five zones, one for each apartment 
and one zone for the stairwell. The envelope of the building looks different from the previous models 
as the balconies has been added (Figure 4). No merging was done for this model. The model was built 
to study how this relatively detailed level of modeling would affect the running time and differ 
compared to the simpler models.   

 

Figure 4: The fourth model, including balconies and five zoned per apartment floor. 

4.1.5 Model 5 
The fifth model does not include balconies and has a simplified division between the zones on each 
floor. Only two zones are present, one facing south and one facing north, see Figure 5.  

 

Figure 5: Model five includes only one internal division per floor.  
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4.1.6 Model 6 
In the sixth model the floors have been divided into 4 zones, two on the north side and two in the 
south side (Figure 6). No zone for the stairwell is present. This setup is to investigate whether or not 
it is sufficient to have only two zones per floor or if the west/east division is also needed.  

 

Figure 6: The sixth model with four zoned per floor. 

4.1.7 Results 
The results from the simulations of the models above are shown in Table 1, with a comparison to the 
real building’s measured values. The fourth simulation took so long time that it was not possible to 
finish the simulation.  

Table 1: The results from simulations of the six models. 
Model Heating 

[KWh] 
Direct hot water 
[kWh] 

Electricity 
[kWh] 

Approximate runtime   

Real building 410 636 110 428 28 016 - 
1 293 856 119 687 29874 30 min 
2 384 689 119 687 21 663 Over night 
3 392 159 117 486 22 395 > 18 h 
4 N/A N/A N/A N/A 
5 399 995 119 687 22 475 Over night 
6 213 538 119 689 28 510 Over night 

From the different runs it was noted that whether the zones were merged or not made a large 
difference in the results. It was also noted that the number of zones per floor had a considerable 
effect on the running times. Several more models could have been built and compared to investigate 
the factors affecting the outcome and running time of the models. However, in the interest of time 
and the objective of the project it was decided that these six models were enough to get a view of 
what level of detail that was significant for the project. The vast combination of options made it 
unrealistic to test all the variables.  

After comparing the simulation results with the real data it was decided to choose model five as the 
model to work with for the next buildings. The results of the fifth simulation were relatively close to 
the real values and it had an acceptable running time for its accuracy.  
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4.2 Modeling 

4.2.1 Base Case 
From the model used to generate a base case for the test building, templates were exported and 
used for all buildings. The templates give settings for activity, the heating- and the ventilation 
systems. To make the process easier and to reduce errors a checklist was made so that no settings 
would be missed (Appendix 1). The headlines in Design Builder for input parameters are the ones 
that follow below and with the basic settings stated for each area. 

4.2.1.1 Activity 
In the base case the activity is set to “Occupied,” which includes a density of 0,03 people per square 
meter, and a set point temperature of 21oC (SVEBY, 2009). The minimum ventilation flow rate is set 
to 0,35 l/s/m2. For more detailed information about the settings in the template, see Appendix 2.  

The only activity settings that are differing between the buildings are the data for the laundry zones, 
which includes district hot water usage and the internal electricity gains. To estimate the figures to 
use for the laundry equipment reports of energy usage has been used. ATON Teknikkonsult AB wrote 
a report in 2007 describing methods for calculations of energy usage in residents. It states that a 
standard apartment uses around 390 kWh of electricity per year for laundry (ATON Teknikkonsult AB, 
2007). It is assumed that the laundry equipment in the buildings is from around this time or a bit 
earlier and thus that the numbers from ATON can be used for the base case calculations. This 
number has been used to calculated the total electricity used for laundry in the building and then 
recalculated to fit into the input values needed in Design Builder, a number with the unit “power 
used per square meter laundry area” (W/m2).  

4.2.1.2 Construction  
The constructions for the buildings are based on the information given in the book Så byggdes husen. 
More detailed information for every specific house is presented in the next chapter. The infiltration 
rate is set to 0,1 air changes per hour. The attics are shown to be critical in the simulations and 
therefore a special template for the attics has been generated. The attics have been set as 
unoccupied and with no ventilation and no heating or cooling. A thermal mass for each building is 
also added. The thermal mass is taken from the drawings for the loadbearing walls in Så byggdes 
husen. The construction of the thermal mass is also taken from that book. 

4.2.1.3 Weather 
All buildings are simulated using weather data from Bromma airport just east of Stockholm, 
measured in 2002. This location was chosen for its central location in Sweden, and because of the 
high population density. 

4.2.1.4 Openings  
Low cost windows are not usually very energy efficient, and in the base case they are set to double 
pane, clear glass 3mm with 13 mm of air and a U-value of around 2,5 W/m2K. The frames are made 
of aluminum with thermal break. 

4.2.1.5 Lighting  
The interior lighting in the apartments is set by a template as well and it is set to a schedule “Dwell 
domestic lighting”, which is based on the assumption that people are at work during the day and are 
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therefore only switched on from 7 AM to 10 AM and 7 PM to midnight. During the weekends the 
indoor lighting is set to be on from 7 AM to midnight. 

To be able to model the lighting in the stairwells without an individual zone for the stairwell one of 
the zones in the basement, ground floor or in the attic was set to have a different lighting schedule. 
In the base case the lighting in these zones were set to “ON” at all times and the activity was set to 
unoccupied.  

All buildings have exterior lighting and it is set to 200 W with a schedule on all the time and with an 
overriding schedule which makes it turn off during the daytime.  

4.2.1.6 HVAC 
The heating system is a CAV-system, with no heat exchanger. There is mechanical ventilation to 
reassure that a minimum air flow is obtained. The air handling unit is set to have a minimum of 
outside air required. The heating is assumed to be supplied by district heat. The delivered 
temperature of the water is 60oC. The heating is by radiators, which have a radiant fraction of 0,4. 
The hot water is heated the same way as the heating system. 

4.2.1.7 Design assumptions 
The side of the building with the balconies or most windows is the side that has been facing south in 
all cases. But to show the impact of the orientation on the energy usage of the building, a simulation 
has been done where the building is rotated 90 degrees. In Figure 7 the base case is the one to the 
left and the 90 degree rotated building to the right. The arrow in the picture is pointing to north. 

 

Figure 7: Orientation of a building in the base case (left) and rotated 90 degrees (right) 

Each floor of the buildings is divided into several zones depending on how the design of the building 
is. In all buildings except for the punkt house, the corner apartments have been separated into zones 
and in most cases the middle of the floor is set as one zone as seen in Figure 8. This is because the 
corner apartments are the most critical ones since they have more wall area exposed than the rest of 
the apartments. 
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Figure 8: The zones divided over a floor. 

Some buildings do not have apartments that are facing two opposite directions. For the skiv house 
where this was the case, the large middle zone was separated from north to south so that each floor 
has four zones. In the punkt house, the division of zones was done as in the test building with two 
zones per floor; one facing north and one south.  

Design Builder has a feature known as “merging zones”. This feature is intended to make simulations 
run faster, but this was not the case for these models. However, in the sensitivity analysis it was 
shown that the desired level of detail was more accurate with merged zones. The merging is 
implemented in those cases where the zones can be seen as identical; the corner zones on adjacent 
floors can be merged together as well as the middle zones on neighboring floors.  

4.2.2 Energy Saving Packages 
The three energy saving packages evaluated are of different levels, from easy implemented with less 
investment costs to more thorough renovations of the building envelope and installations. The three 
packages are presented in the following sections. The packages are built on each other, i.e. in 
package B, all easy implementations from package A are also done. The exception is in package C, 
where the window upgrade in package B is not included as it would be done not in addition, but 
instead of the alternative window option. 

4.2.2.1 Package A 
This package include the easy implemented measures with generally low or no cost at all. Table 2 
present the different measures simulated for the building.  

Table 2: Energy saving package number one. 
Operation optimization to be done immediately 
Optimize control system  
Install controlling of lighting in stairwells.  
Decrease the temperature in stairwells to 15 °C. 
Balance the heat system 

Optimizing the control system is a post-processing that was done after the simulations in 
DesignBuilder. The measure is set as a reduction of the heating energy use by 5%.  

In the base case it's assumed that the lighting in the stairwells is on all the time without any control 
system.  A schedule for the lighting is therefore introduced in the simulation of package A in the 
Design Builder software. The schedule is called “Unoccupied space visits” and is for the weekdays off 
from midnight to seven in the morning, from 7 AM to 10 AM it´s switched on 10%. During the day, 10 
AM to 6 PM, when people are assumed to be at work the lighting is off and goes on again for 10% at 
6 PM to midnight. The schedule is different during the weekends since there probably are more 



22 
 

people moving around in the stairwell at that time, the light is therefore switched on for 20% 
between 7 AM to 10 AM, and is used 10% from 10 AM to midnight.  

In the base case the temperature in the building was set to 21 °C in the occupied spaces and to 18 °C 
in the unoccupied areas such as the laundry room. In package A the temperature in the unoccupied 
areas was set to 15 °C instead, to lower the heating demand. 

Balancing the heat system is a very important measure, and should be carried through several times 
during the lifetime of the system. The balancing is meant to even out the temperature differences in 
the building, to reassure that the set point temperatures are correct and is assumed to save 10% on 
annual heating demand. The balancing is a post processing procedure, and is captured by adding 10% 
to the base case heating demand reported by DesignBuilder. 

Package B 
The second package consists of measures that can be done if there is an intention to refurbish the 
house. They are listed in Table 3 below. 

Table 3: Energy saving package number two. 
Easy implemented measured to do in a renovation 

Change to efficient pumps 
Change fans to more efficient ones 
Extra insulation of ducts and pipes 
Change laundry equipment 
Change one glass in the windows 
Extra insulation in the attic  
Install separate hot water meters for each apartments  

Changing pumps is a measure which is post processed after the simulation results from Design 
Builder are generated. A percentage reduction of electricity use for the best existing pumps 
compared to an old one is taken from a comparison between pumps made by Energimyndigheten 
(2010).   

Results of the electricity use for pumps is given by Design Builder and that value is reduced by the 
same percentage as the comparison shows between the old pump and the new Grundfos Magna 
pump.  That particular pump might not be the one used, since that size might not be perfect for all 
houses, but the values from the comparison made by Energimyndigheten is used as a scaling factor 
when calculating the cost for this measure. 

Change of fans is modeled in Design Builder by setting a pressure rise from the fan and efficiency of 
the fan. When changing to more efficient fans it is assumed that it is just the fan that is being 
replaced and that all ductwork still remains. This means that it is only the efficiency of the fan that is 
changed. In the base case the pressure rise is set to 350 Pa and the fan efficiency to 35 %. Those 
numbers results in a SFP of 1. By increasing the fan efficiency a lower SFP can be reached.  

Extra insulation on the ducts and pipes in the building is implemented in the template for package B 
which is used in Design Builder. It is practiced as a lowering of the losses of the heating distribution 
system from 5 % to 3 %. 



23 
 

Another measure to reduce the electricity use is to replace the laundry equipment with more 
efficient machines. The electricity consumption with new machines has been assumed using a report 
written by Sveby in 2009 which states that an apartment uses about 210 kWh of electricity per year 
for laundry (SVEBY, 2009). 

While doing small renovations one of the glasses of the windows can be replaced with a double pane 
a so called “insulation glass”, with for example the gas argon between the panes. This will decrease 
the U-value of the windows from around 2,5 W/m2 K to 1,3W/m2 K.  

In the simulation for package B additional insulation is added to the attic in the buildings to decrease 
the heating demand. The insulation used has been 20 cm of mineral wool. This has only been done in 
those buildings where this is possible i.e. the buildings with attics that have room for extra insulation. 

Installing separate hot water meters for every apartment will make the tenants to lower their water 
use. It's assumed that the reduction will be 15%. 

Package C 
The third and final package has the extensive measures included, such as replacing all windows with 
new ones and installing heat recovery in the exhaust ventilation, Table 4. 

Table 4: Energy saving package number three. 
Extensive measures in order to secure the building for the future 
Heat recovery 
Change windows 
Additional insulation of façades. 10 cm of mineral wool or polystyrene foam. 

All packages are evaluated for each type of house. Since the houses are different from each other 
there will be some differences in how these measures are carried through. Things that definitely will 
differ are how to add insulation to the house since different techniques will be suitable for different 
kinds of houses. 

The heat recovery is implemented in different ways depending on which building type that is 
evaluated. In the lamell houses and the loftgång house an exhaust air heat pump is installed for heat 
recovery. In the punkt house and skiv houses the ventilation system is rebuilt to a FTX-system, a 
supply and exhaust air ventilation system with heat recovery.  

When the ventilation is changed to a supply and exhaust system the heat recovery feature in Design 
Builder is used. For the exhaust air heat pumps external calculations of the decrease in need of 
supplied heat are made. The external calculations are done in IVT’s calculation program VPW2100 
where the following input data is used: 

1. Site location 
2. Building year 
3. Conditioned space area 
4. Total heat supplied for space heating 
5. Supplied heat for DHW 
6. Indoor air temperature (21oC) 
7. Desired supply temperature for the heating system (55°C) 
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8. Desired coverage of the heat pump (35 %) (Nowacki, 2000) 
9. Brine temperature (3 °C). 

The program delivers a result of delivered heat and electricity use for the heat pump based on an 
auto sized heat pump.  

If the building owner chooses to do a large renovation it’s a good idea to change the windows to new 
more energy efficient ones. In the simulations new windows with a U-value of 0,9 W/m²K are used. 

While renovating the façade extra insulation can be added, in the simulations 10 cm of foam 
polyurethane have primarily been used but in those cases where the building is already insulated 
with mineral wool an additional layer of the same material was added.  

4.3 Economic Analysis 

4.3.1 Background 
Energy efficiency retrofits are a critical piece of the EU energy agenda, but to be successful they must 
also be economically viable. In this case, a 40-year cash flow analysis was done for each package. The 
results are then plotted on a single graph so that the reader is able to directly compare each package 
for payback time, as well as clearly understand when one package becomes more economically 
viable than the others. The goal is to make the graphs as simple as possible to understand. 

4.3.2 Methodology 
An important feature of this analysis is that costs are marginal. This means that the entire cost of the 
renovation is not considered, but instead the marginal investment required to install energy efficient 
equipment over standard equipment. For example, if a building owner is going to replace their 40 
year old windows, this analysis shows how choosing more expensive, yet more efficient windows can 
affect their investment. So the target market for this book then becomes building owners who are 
already considering improvements to their building, but may not know the benefits of making energy 
efficient retrofits. Thus, the base case building is one that has received material upgrades, but not 
energy performance upgrades. 

The first step of the analysis is to collect the costs of each upgrade component in each package. 
Operation, maintenance, and system lifetime figures are also collected. Since apartments vary in size 
and layout, adjustment criteria are defined for each upgrade, for example number of apartments, 
total window or façade area. The per-unit cost then remains constant for each building but is 
adjusted based on the characteristics of that building. The only upgrade that varies between 
buildings is the heat recovery, which in some cases is an FTX system and in others is an air-to-air heat 
pump. A full description of how costs were estimated is done in section 4.3.3 below. 

Once costs are collected, a total marginal investment cost for each package is totaled. This is the 
starting point of the cash flow analysis and is a negative number. For the base case, the investment is 
zero. Then based on the annual electricity and heating use figures determined in the simulations, an 
annual energy cost is calculated for the base case. For each package, the annual energy cost is 
calculated as the difference between the base case and the package. This represents the money that 
is saved by doing the energy efficient measures and is how building owners recoup their investment. 
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Not all of the equipment in each package has the same lifespan. Some equipment lasts 10 years, 
some 20, and some 40. To handle this, in years in which reinvestment in necessary, the cost of the 
equipment is subtracted from the savings. Only in year 20 in packages B and C does do these 
investments actually demand a net expense for the year. An important assumption here is that 
equipment costs are assumed to remain constant (in 2010 terms) over the course of the analysis. So 
the cost of a pump in 2011 is the same price as a pump in 2031, ignoring inflation. Additionally, 
inflation is not represented in the analysis, meaning all costs are reported in 2010 kronor. 2010 is 
used since the costs available are from that year (REPAB AB, 2010). Energy prices are assumed to 
increase however, which is discussed in greater detail in section 4.3.4. 

The result of the analysis is two tables: one reporting the annual net savings or expense of each 
package and another calculated the total spending and savings over the 40 year timeframe. The data 
from these tables is used to create a graph to be displayed in the report, representing total savings 
over time. The data is also used to calculate the internal rate of return. Because the annual savings 
are compared against the base case, this makes the X-axis at zero the base case line. So when a 
package’s curve crosses zero, that year is when the investment becomes more valuable than not 
choosing to do energy efficient upgrades. When one package line crosses another, then the line with 
the greater value becomes a more profitable investment from that time onward. From the table of 
net annual savings, an internal rate of return (IRR) is calculated and reported for each package. This 
figure is reported because IRR is a common metric that investors use to gauge the value of an 
investment. It is calculated using the built in IRR function in Microsoft Excel, which takes the actual 
(not accumulated) annual cash flow values taken over 40 years to compute the return. The graphs 
and IRR results are reported in section 6. 

4.3.3 Prices 
The majority of the prices used for the different investments have been taken from REPAB (2010) 
and from an energy audit handbook for buildings written by Adalberth and Wahlström (2009).  Three 
of the prices have been assumed after discussion in the meeting with experienced and previous 
project as a reference. As taxes are not included in the prices from the references the material and 
labor cost has been separated and 25% tax has been added to the material cost. The prices used are 
shown in Table 5 on the following page. 

For the price of the pumps, labor costs found in REPAB has been added to the pump cost from the 
manufacturer. For the cost of the attic insulation it was assumed that two thirds of the total cost for 
the insulation was labor cost. It is also assumed that the labor cost for replacing windows is the same 
independent on which windows that are mounted.  

4.3.4 Energy prices in the future 
Most prices are assumed to have the same cost in relation to the money value in the future; however 
the energy price will probably not be constant but rather increase over the years. In lack of any 
predictions of how the energy price will develop the number used in this project is based on history. 
In the Nils Holgersson report from 2011 (EKAN Gruppen 2011) the grid fee in the electricity price has 
been evaluated compared to the last five years and the result shows that the yearly increase has 
been in average 5,5 %. This is not the total price but could be seen as a minimum increase according 
to the trend of the past five years. The total district heating prices for the same period have 
increased on average by 3 - 4,5 %.  
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According to the same report the consumer price index, CPI, has increased with 7,5% during 5 years , 
corresponding to around 1,5 % as a yearly increase. Since the inflation is kept constant in the 
economic analysis the difference between the increase in energy price and CPI is the increase 
percentage that will be used. Thus, the electricity price increase would be (at least) 4,0 % and the 
district heating price increase would be around 1,5 -3 %.  

According to Åsa Wahlström (2011) at Chalmers Industrial Technology the requirements when 
procuring heat recovery in multifamily houses with existing exhaust ventilation system the 
investment should have a positive net present value when using: 

• a time perspective of 12 years,  
• a cost of capital of 4 %,  
• an electricity price of 1 SEK / kWh with a yearly price increase of 4 % and  
• a heating price of 0,6 SEK /kWh with a yearly increase of 2%.  

Both the 4 % increase of the electricity cost and the district heating price increase of 2 % 
corresponds well with the assumptions above, based on the Nils Holgersson report. For this analysis, 
the starting price for electricity and district heating are 1,5 SEK and 0,77 SEK, respectively. The 
assumed annual growth rates are 4 % and 2 %, respectively. It is important to note that there is 
nothing that guarantees that the prices will continue to increase the way it did the past five years, 
and deviations from assumed values can affect financial outcomes reported here. 

Table 5: The prices of labor and material for the investments in all packages. 
Package 
 

Item Total price 
[SEK] 

Labor 
cost  
[SEK] 

Material 
cost 
[SEK] 

Lifetime 
[years] 

Source 

 
A 

Lighting 
control 

4 335 per floor in 
stairwell 

310 3 220 40 (REPAB AB, 2010, s. 504)  

Balancing 1 000 per apartment   10 (Kling & Everitt, 2011) 

Controls 30 000   40 (Kling & Everitt, 2011) 

 
 
 
 

B 

Efficient Fan 18 590 per stairwell 4 840  11 000  20 (REPAB AB, 2010, s. 454) 

Pumps 31 013 4 000  21 610  20 (Grundfos, 2011, s. 18), 
(REPAB AB, 2010, s. 430) 

Pipe 
Insulation 

861 per meter 710  121  40 (REPAB AB, 2010, s. 432) 

Efficient 
Laundry 

16 145 per laundry area 270  12 700  10 (REPAB AB, 2010, ss. 594-6) 

New Window 
Pane 

3 258 per m2 window 
area 

970  1 830  40 (Adalberth & Wahlström, 2009, s. 
65) 
(REPAB AB, 2010, s. 150)  

Attic 
Insulation 

103 per m2 attic area 63  32  40 (Adalberth & Wahlström, 2009, s. 
58)  

Hot Water 
Meters 

6 345 per apartment 2 220 3 300  40 (Adalberth & Wahlström, 2009, s. 
140) 
(REPAB AB, 2010, s. 430)  

 
C 

Heat Recovery 45 000 per apartment   40 (Kling & Everitt, 2011) 

New Windows 4 338 per m2 window 
area 

 3 470  40 (Adalberth & Wahlström, 2009, s. 
65) 
 (REPAB AB, 2010, s. 148)  

Facade 
Insulation 

292 per m2 facade area 158 107  40 (REPAB AB, 2010, s. 110)  
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5 THE NINE HOUSES 
The houses investigated are from different eras and of different types. There are four main types of 
houses and they are: 

• Lamell house (from the Swedish word lamellhus, slab block houses), 
• Skiv house (from the Swedish word skivhus, a taller version of the slab block houses) , 
• Loftgång house (from the Swedish word loftgånshus, apartment building with exterior 

corridors) 
• Punkt house (from the Swedish word punkthus, tower block houses). 

The lamell houses are built from the late 1930s until 1980s but with some varying typical 
construction depending on at which time it is built. There are lamell houses with a gas concrete 
construction, lamell houses with concrete skeleton, wood façades, and precast structure. The skiv 
houses also have some varying constructions. It can be lightweight concrete, façade elements and 
precast structure. The punkt house investigated has a construction made of lightweight concrete. 
The fourth house type, loftgång house have a pillar construction.  

All houses are assumed to have exhaust ventilation systems installed, with intake air being pulled 
through vents in the façade. The materials in the construction have been chosen to match as closely 
as possible to the construction listed in Så byggdes husen, but not all materials are found in the 
Design Builder catalog and in some cases a similar substitute must be used. More detailed properties 
of the nine different houses are shown in the following sections. 

For each building the average U-value has been estimated and to make this estimation Equation 1 
has been used. These values are stated in the following sections for each building. 

( ) ( ) ( ) ( ) ( ) ( )
tot

doorsroofwindowgroundllsbasementwawalls
Building A

UAUAUAUAUAUA
U

+++++
=  Equation 1  
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5.1 Building 1 – Lamell House, Gas Concrete 
 

 

• Building year: 1945 – 1955 
• Conditioned area: 1680 m2 
• Number of floors: 3 + basement 
• Number of apartments: 18 

This building represents number 20 in Så byggdes husen. The building has a foundation as well as a 
floor construction made of concrete, fly ash and floors covered with linoleum. The walls are made of 
lightweight concrete walls with plaster on both the inside and the outside. The roof is made of wood 
with roofing tiles on top and the attic floor is made of reinforced concrete with cutter shavings and 
fly ash. It is possible to add extra insulation to the roof. 

This house has three zones. Two are representing the end apartments and the third is representing 
the middle apartments. For heat recovery an exhaust air heat pump is used. 

The average U-value for the building for each of the packages can be seen in Table 6. 

Table 6: Average U-values for building 1. 
Package Average U-value [W/m²K] 

Base 0,8 
A 0,8 
B 0,7 
C 0,3 
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5.2 Building 2 – Lamell House, Concrete Construction 
 

 

• Building year: 1960 - 1970 
• Conditioned area: 1003 m2 
• Number of floors: 3 
• Number of apartments: 11 

This building represents number 21 in Så byggdes husen. The building has a foundation made of 
concrete casted upon lightweight aggregate and gravel. The floor construction is made of concrete 
covered with linoleum. The walls are made of façade brick insulated with mineral wool and a gypsum 
board on the inside. The attic floor is made of concrete slabs with mineral wool as insulation. The 
roof is made of wood with roofing felt on top and it is possible to add insulation to it. 

This house has also three zones, two that are representing the end apartments and the third one that 
is representing the middle apartments. For heat recovery an exhaust air heat pump is used. 

The average U-value for the building for each of the packages can be seen in Table 7. 

Table 7: Average U-values for building 2. 

Package Average U-value [W/m²K] 
Base 0,6 

A 0,6 
B 0,5 
C 0,3 
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5.3 Building 3 – Loftgång House, Pillar Construction 
 

 

• Building year: 1965 - 1975 
• Conditioned area: 3760 m2 
• Number of floors: 5 
• Number of apartments: 36 

The building represents number 22 in Så byggdes husen. Its foundation and floor construction are 
made of concrete and the floors are covered with linoleum. The outer walls are constructed of 
lightweight concrete, mineral wool and bricks.   

The apartments have built-in balconies located on the opposite side to the exterior corridors. 
However, these have not been modeled due to the chosen model to follow from the sensitivity 
analysis. Part of the ground floor is situated below ground level and it has been assumed that the 
laundry and storage rooms are located in this floor.  

Each floor is divided into three zones; one in each corner of the building and one large in the middle. 
The roof is flat and there is no room for adding extra insulation to it. The heat recovery in the 
building, for package C, will be through a heat pump.  

The average U-value for the building for each of the packages can be seen in Table 8. 

Table 8: Average U-values for building 3. 

Package Average U-value [W/m²K] 
Base 0,8 

A 0,8 
B 0,6 
C 0,4 

 



31 
 

5.4 Building 4 – Lamell House, Wood Façade   
 

 

• Building year: 1970 - 1975 
• Conditioned area: 1113 m2 
• Number of floors: 3 
• Number of apartments: 11 

The building is representing number 23 in the book Så byggdes husen. The foundation as well as the 
floors is constructed of concrete and the floors are covered in linoleum carpet. The outer walls are 
constructed of light façade blocks which have an insulation of mineral wool and an outer surface of 
wood paneling. The internal walls are reinforced concrete.  The roof consists of concrete wood with 
roof paper outermost. 

Each floor is divided into three zones, each corner apartment being one zone and the middle 
apartment’s one. One zone in the ground floor is reserved as the laundry room in the building. 

The roof is slightly pitched and therefore extra insulation was able to be added to the roof in package 
C and the heat recovery is through a heat pump.  

The average U-values for building 4 for each package can be seen in Table 9. 

Table 9: Average U-values for building 4. 

Package Average U-value [W/m²K] 
Base 0,9 

A 0,9 

B 0,7 

C 0,6 
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5.5 Building 5 – Lamell House, Precast Structure  
 

 

• Building year: 1975 – 1985 
• Conditioned area: 1747 m2 
• Number of floors: 3 
• Number of apartments: 26 

The building represents number 24 in Så byggdes husen. The Building has a foundation as well as a 
floor construction made of concrete. The façade is a sandwich construction that consists of blocks of 
brushed concrete, cellular plastic and concrete. The roof is made of a steel construction with a metal 
roof on top. The building has some kind of outbuilding that has not been included in the simulations 
since this is assumed to contain storage and garbage disposal. The top floor has sloping roof and 
balconies built in the roof, this has not been included in the model but extra windows has been 
added to simulate the influence it might cause.  

Each floor is divided into the three zones, two corner zones and one in the middle. Since the house 
doesn’t have a basement one of the corner zones in the ground floor has been put aside as a laundry 
room.  

The roof has a small attic were extra insulation is added in package C and the heat recovery is 
through a heat pump.  

The average U-values for the building and each package can be seen in Table 10. 

Table 10: Average U-values for building 5. 
Package Average U-value [W/m²K] 

Base 0,8 
A 0,8 
B 0,7 
C 0,6 
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5.6 Building 6 – Punkt House, Lightweight Concrete 

         

• Building year: 1950 – 1960 
• Conditioned area: 4160 m2 
• Number of floors: 9 + basement 
• Number of apartments: 34 

This building represents a combination of building number 27 in Så byggdes husen and a real building 
in southern Stockholm. The building shape and usage are based on the real building, while the floor 
plans and construction are based on Så byggdes husen. The foundation, load bearing walls and floors 
are cast concrete. The facade from floor one to six consists of concrete and lightweight concrete, 
floor seven to ten is only lightweight concrete. The floors are insulated with sand, which is covered 
by wood flooring. The building has internal balconies, which have not been modeled. The first floor 
consists of a seven-car garage and utility room, floors 2-8 are apartments, the basement is storage 
and the top floor is a mix of apartments and storage. To simplify the model, the ninth floor was 
assumed to only be storage. 

The first floor was divided into a garage side and utility side, while each floor above was divided into 
two zones: one for north and one for south. The basement was left as one large zone as it does not 
have any windows. The roof is flat but was not considered to have room for extra insulation. An FTX 
system will be used for heat recovery in the later simulations. 

The average U-values for the building and each package can be seen in Table 11. 

Table 11: Average U-values for building 6. 

Package Average U-value [W/m²K] 
Base 1,6 

A 1,6 
B 1,4 
C 1,0 
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5.7 Building 7 – Skiv House, Lightweight Concrete 
 

 

• Building year: 1960 - 1970 
• Conditioned area: 7800 m2 
• Number of floors: 9 + basement 
• Number of apartments: 72 

The building represents number 28 in Så byggdes husen. It´s foundation and load bearing walls are 
made of concrete and the floor joists are made of two layers of concrete, mineral wool, sand and on 
top linoleum. The outer walls are made of concrete with polished concrete outermost. The building 
has built-in balconies all located on the same side of the building, but these have not been modeled. 
It has been assumed that the laundry and storage rooms are located in the basement and that all 
floors above the ground contain apartments.  

Each floor has been divided into three zones; one for each corner and one large zone in the middle. 
The roof is flat and has room for additional insulation. For heat recovery FTX-ventilation will be 
added to the building. 

The average U-values for the building are displayed in Table 12. 

Table 12: Average U-values for building 7. 
Package Average U-value [W/m²K] 

Base 1,2 
A 1,2 
B 1,0 
C 0,6 
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5.8 Building 8 – Skivhus, Façade Units 
 

 

• Building year: 1960 - 1970 
• Conditioned area: 7920 m2 
• Number of floors: 9 + basement 
• Number of apartments: 108 

This building represents number 29 in Så byggdes husen. It has got a concrete foundation and the 
floor joists are made of reinforced concrete and covered with linoleum. The outer walls are 
constructed of concrete blocks, insulated with mineral wool and with gypsum boards as the inner 
layer. The building has got built in balconies, but due to the previously set detail level they have not 
been modeled. It has been assumed that the laundry and storage rooms are located in the basement. 
Each floor has been divided into four zones, one for each corner and two zones in the middle as all of 
the apartments are not facing both long sides of the building.  

The building has got an un-insulated attic and it has been possible to add insulation to the roof of the 
top floor. The heat recovery solution for the building will be through installing an FTX-system. 

The average U-values for the building are displayed in Table 13. 

Table 13: Average U-values in building 8. 
Package Average U-value [W/m²K] 

Base 0,9 
A 0,9 
B 0,6 
C 0,5 



36 
 

5.9 Building 9 – Skiv House, Precast Structure 
 

 

• Building year: 1965 – 1975 
• Conditioned area: 4930 m2 
• Number of floors: 6 
• Number of apartments: 48 

This Building represents number 30 in Så byggdes husen. It has got a pre-casted concrete foundation 
and floor joists made of concrete with linoleum on top. The outer walls are pre-casted sandwich 
elements made of two layers of concrete, insulated with foam. The building has external balconies all 
located on the same side. There is no basement in this building and it is assumed that the laundry 
area is located in the ground floor and that there are no storage rooms in the building.  

The floors have been divided into three zones, two at the corners and one in the middle. The roof is 
slightly pitched inwards and has room for additional attic insulation. The heat recovery introduced in 
package C will be through installation of an FTX-system.  

The average U-values for the different packages in the building are seen in Table 14. 

Table 14: Average U-values from building 9. 
Package Average U-value [W/m²K] 

Base 1,0 
A 1,0 
B 0,7 
C 0,6 
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6 RESULTS 

6.1 Description 
The energy and economic analysis results for each building simulation are shown below in three 
graphs: total energy use, heat balance, and accumulated cash flow. Total energy use is a sum of all 
energy consumed for each package that the building owner would pay for. This includes common 
electricity, domestic hot water, and space heating. Although not typically included in building 
declarations, laundry and exterior lighting electricity is included in the common electricity demand. 
This was done because these costs are borne by the building owner even though they are not in the 
formal declaration. Domestic electricity is not included as this is often the responsibility of the 
tenants and was not a focus of this analysis. 

The accumulated cash flow charts represent the total amount of money spent or saved at a given 
point in time after the initial investment. The base line case is represented as zero on the X-axis. 
Therefore, the payback time for a package is when it crosses zero. At any given period of time, the 
line with the highest value will return the highest amount of money. In every case, package C 
resulted in the highest value at the end of the 40-year time period. However, the internal rate of 
return (IRR) can vary greatly from building to building for each package. 

Graphs from each simulation are listed for each building below, in Figure 9 to Figure 26 and Table 15 
to Table 23. Section 7 will discuss the results and the process involved in creating them. Heat balance 
charts, which display where and how much energy is gained or lost in the building are listed in 
Appendix 3. 
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6.1 Building 1 – Lamell House, Gas Concrete 

 

 
Figure 9: The total energy use for building 1, domestic electricity excluded. 

Reduction of  
energy use 

Pkg A 14,2% 
Pkg B 25,2% 
Pkg C 63,8% 

 

 

 
Figure 10: Accumulated cash flow for the three energy saving packages implemented to building 1. 

Table 15: Internal rate of return, Building 1. 
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6.2 Building 2 – Lamell House, Concrete Construction 

 

Figure 11: The total energy use for building 2, domestic electricity excluded. 

Reduction of  
energy use 

Pkg A 10,1% 
Pkg B 25,2% 
Pkg C 59,7% 

 

 
Figure 12: Accumulated cash flow for the three energy saving packages implemented to building 2. 

Table 16: Internal rate of return, Building 2. 
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6.3 Building 3 – Loftgång House, Pillar Construction 

 

Figure 13: The total energy use for building 3, domestic electricity excluded. 

Reduction of  
energy use 

Pkg A 11,8% 
Pkg B 22,6% 
Pkg C 53,5% 

 

 
Figure 14: Accumulated cash flow for the three energy saving packages implemented to building 3. 

Table 17: Internal rate of return, Building 3. 
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6.4 Building 4 – Lamell House, Wood Façade 

 

Figure 15: The total energy use for building 4, domestic electricity excluded. 

Reduction of  
energy use 

Pkg A 9,3% 
Pkg B 25,9% 
Pkg C 58,5% 

 

 
Figure 16: Accumulated cash flow for the three energy saving packages implemented to building 4. 

Table 18: Internal rate of return, Building 4.  
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6.5 Building 5 – Lamell House, Precast Structure  

 

Figure 17: The total energy use for building 5, domestic electricity excluded. 

Reduction of  
energy use 

Pkg A 8,8% 
Pkg B 17,6% 
Pkg C 50,0% 

 

 
Figure 18: Accumulated cash flow for the three energy saving packages implemented to building 5. 

Table 19: Internal rate of return, Building 5. 
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6.6 Building 6 – Punkt House, Lightweight Concrete 

 

 
Figure 19: The total energy use for building 6, domestic electricity excluded. 

Reduction of  
energy use 

Pkg A 17,6% 
Pkg B 25,4% 
Pkg C 63,6% 

 

 
Figure 20: Accumulated cash flow for the three energy saving packages implemented to building 6. 

Table 20: Internal rate of return, Building 6. 
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6.7 Building 7 – Skiv House, Lightweight Concrete 

 

Figure 21: The total energy use for building 7, domestic electricity excluded. 

Reduction of  
energy use 

Pkg A 6,4% 
Pkg B 22,8% 
Pkg C 57,3% 

 

 
Figure 22: Accumulated cash flow for the three energy saving packages implemented to building 7. 

Table 21: Internal rate of return, Building 7. 

141 143 132 
109 

60 
0

50

100

150

200

kW
h/

m
2  

Total Energy Use 
Heating, DHW, Common Electricity 

Base 0 Base 90 A B C

-2 000

-1 000

0

1 000

2 000

3 000

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39

SE
K 

/ 
m

² 

Accumulated Cash Flow 

Pkg A

Pkg B

Pkg C

Pkg A Pkg B Pkg C 

22% 6,3% 6,7% 



45 
 

6.8 Building 8 – Skiv House, Façade Units 

 

  
Figure 23: The total energy use for building 8, domestic electricity excluded. 

Reduction of  
energy use 

Pkg A 10,5% 
Pkg B 24,6% 
Pkg C 51,8% 

 

 
Figure 24: Accumulated cash flow for the three energy saving packages implemented to building 8. 

Table 22: Internal rate of return, Building 8. 
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6.9 Building 9 – Skiv House, Precast Structure  

 

 
Figure 25: The total energy use for building 9, domestic electricity excluded.  

Reduction of  
energy use 

Pkg A 9,4% 
Pkg B 23,8% 
Pkg C 48,4% 

 

  

 
Figure 26: Accumulated cash flow for the three energy saving packages implemented to building 9. 

Table 23: Internal rate of return, Building 9. 
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7 DISCUSSION 
The results from this study are first discussed, followed by suggestions on further work. 

7.1 Discussion of Results 
The results from the simulations and possible sources of errors are discussed in the following 
sections. 

7.1.1 Modeling 
The results obtained from the simulations are general and can indicate trends in differences between 
the buildings. As the buildings are constructed based on the type of house from Så byggdes husen, 
the results cannot directly be applicable to other building types or actual, specific buildings. In case 
correct numbers are required for a certain building, calculations and simulations must be done 
separately for this building. However, basing the construction of a model on an existing building will 
not make the results accurate as simplifications have been made in the modeling process. These 
simplifications have reduced the accuracy of the results but have been necessary to simulate the 
buildings with a reasonable running time. For instance the floor plan details have been greatly 
simplified with each floor only divided into three or four zones and internal balconies excluded. One 
example is building six where the excluded balconies results in a difference in solar transmission 
through windows and balcony door and also a difference in wall area facing the air. 

Another source of error is the way Design Builder models the buildings. It does not account for 
thermal bridges, which means that the model is missing a significant source of thermal losses that 
should have been there otherwise. Another odd feature of the program was noted when one of the 
buildings was accidentally drawn unattached to the ground, thus hanging free in the air. It is 
reasonable to think that the ground will have an influence on the temperature and thus the heat 
demand in the building. After re-simulating the same building it showed that this was not the case, 
the difference in results were very small.  

As mentioned above, the models in Design Builder are constructed according to the buildings in the 
book Så byggdes husen. In the book, typical layouts for the floors and the look of the façade are 
shown. All windows and walls, as well as some zones are drawn based on this information, and since 
this information is taken from drawings with a scale it should be quite accurate.  The material 
construction in the walls is more uncertain though. It differed in the buildings how detailed the 
construction was described. In some cases the thicknesses were stated but in others some were 
missing, leading to assumptions. The material used was also limited by what materials that was 
possible to find in the Design Builder materials catalog. In many cases the exact translation from the 
material in Swedish was not found in Design Builder, therefore assumptions of the material that 
corresponds best to the book was necessary. 

These assumptions influence the U-values of the envelope and since there was no U-values stated for 
the walls in the book it is not possible to verify if the construction is correct or not.  As seen from the 
building data stated in section five the U-values for the base cases ranges from 0,8 W/m2K to 1,6 
W/m2K. These can be compared to values from the BETSI study carried out by Boverket (Boverket, 
2010). According to this study the average U-values in buildings built between 1960 to 1985 are 
ranging from 0,41 W/m2K to 0,67 W/m2K, thus lower than the values for the modeled base case 
buildings. However these values include some refurbishment of the building, which has improved the 
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U-value compared to when it was built. If the BETSI values instead are compared to the U-values of 
package B and C, when some improvements have been done, the values are more alike. Nevertheless 
the assumed construction materials will most likely have an effect on the thermal properties of the 
building envelope, affecting the accuracy of the results.   

Another setting with the potential for error is lighting and laundry loads, which are set in Design 
Builder using the energy per area metric. The zones for these areas are chosen for each building to 
be as realistic as possible. Some houses might have quite much larger rooms – resulting in different 
energy use for lighting for stairwells. The book Så byggdes husen did not have any information of 
how common areas like utility rooms and entrances looked like so the areas are assumptions. 
Therefore readers should be cautioned to directly compare their electricity usage since the areas for 
these rooms will vary. 

From the beginning the aim of the project was to model twelve buildings. However three of the 
models showed to have problems with very low operative temperatures during the coldest days. 
After checking all settings compared to other buildings that worked and making sure that the 
construction of walls, roof, et cetera was coherent with the description in the book, there was too 
little time to find what might be the problem. One of the buildings was remodeled with the “simple 
HVAC” setting in Design Builder, which then came out with good temperatures. Since changing this 
criterion would be a source of discrepancy in the modeling process, all other models would have had 
to be remodeled and there was not enough time for that. Therefore the three models with bad 
temperatures were excluded and results are stated for nine buildings.  

The reference building used to find a sufficient detail level at the start of the project was a punkt 
house (number 6). As the project ended up only examine one punkt house after two were excluded 
due to technical issues mentioned above, it can be questioned whether the examination and decision 
of which level of detail to use is still valid. A significant difference between the punkt houses and skiv 
house/lamell houses is that most of the skiv houses and lamell houses have apartments facing two 
directions while the punkt houses do not. This makes a difference as the solar heat gains in the 
apartments will be different. The conclusion from the test simulations at the start was to have two 
zones per floor, divided into north and south. However, for the longer buildings this was not used as 
all apartments would be facing both north and south. Instead the corner apartments were made as 
individual zones to cover for the larger outdoor wall area in these. If a skiv or lamell house were 
available for use in the initialization, the results could be more accurate or consistent. 

7.1.2 Energy use 
As can be seen from the results, implementation of the packages will result in a decreased energy 
use for all of the buildings. The energy use in package C is ranging from one third to half of the 
energy use in the base case depending of building examined. The largest reductions are made in the 
heating system which is due to both heat recovery and a decreased set point temperature, as well as 
less losses through the better insulated envelope. The electricity use for package C does increase, but 
this is expected as adding heat recovery, either in the form of a heat pump or liquid loop heat 
exchanger, will increase electricity demand. 

From the results it is also seen that the orientation of the building has an effect on the heat demand; 
it rises when the building is turned 90 degrees. This result was expected as there are more solar heat 
gains when the long side of the building is directed towards the south. Thus, in case a building is not 
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directed with its long side towards the south, the energy use will increase compared to the results of 
this report. 

The ratio between the wall area and the conditioned area was compared to the energy use per 
square meter and no direct correlation was detected. That indicates that the energy use is influenced 
by what construction of the building that is used. Both the area ratio and the construction set up for 
each building may cause differences between two buildings that might appear similar to each other 
when just looking at them. 

The energy saving packages that was suggested from VVS Företagen contained more measures than 
the ones simulated in the models, for example to give the operational staff additional education and 
improve handling of operational statistics. This means that the packages included measures that 
probably will reduce energy usage in the building if implemented, but they are difficult, if not 
impossible, to simulate in Design Builder. These measures will be commented in the book but will not 
be part of the simulation result. Also, there were plans to include solar panels as an energy saving 
measure if there was enough time. Unfortunately it was not possible to do that in this project, but it 
should be noted that it is important to spread information about new techniques in order to give 
landlords and building owners incentive to invest in such technologies as well.  

It should also be noted that this study does not include any detailed analysis of the electricity used by 
the tenants. It has only been examining the common electricity in the buildings and the electricity 
use for laundry and exterior lighting. However, there is a lot of energy to save in the apartments too 
and tenants should be informed what can be done to do this. Some energy saving measures to 
implement in the apartments are low energy lighting, energy efficient household appliances and to 
make the tenants aware of their energy use and encourage them to turn off electrical appliances 
when not in use.     

7.1.3 Economy 
The results show that after a period of 40 years package C is most profitable. For several buildings it 
passes package B after less than 20 years, but for others it can take much longer. This proves that it is 
profitable to invest in these energy saving measures. What should be remembered is that in the 
economic model it is assumed that renovations of the buildings are needed, and only the additional 
cost of adding better equipment has been accounted for. If refurbishing is not needed the cost of the 
packages will be much higher and the payback time will be longer. 

Different models for the economic calculations were tried out but did not work as well for the data 
that is being shown. One example is a model made by Enno Abel and presented in a report from 
Belok (Abel, 2009). The model calculates a weighted average lifetime for the package of measures. 
This could have been a suitable calculation method if only one package was to be evaluated, but 
since there were three packages for each house it became difficult to compare the packages if they 
have different lifetimes. Additionally, because the economic information was to be displayed 
primarily as a single graph with internal rate of return, the methodology used was simpler than a 
traditional LCC analysis.  

The simpler cost calculation method that was used does not take price changes of equipment and 
labor work in the future into account. It assumes that the cost will be the same in for example 20 
years as today, excluding the inflation rate, that there will be no relative price change of the 
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equipment and labor. This will most likely not be the case, but as the price changes in the future are 
difficult to predict this method was considered as good as assumptions of price changes in the future. 
It was also thought that people will have easier understanding prices in today’s monetary value than 
an assumed value forty years ahead.  

The validity of the assumptions of the costs can also be questioned. It is hard to find a cost that is 
truly valid when trying to model “typical buildings”. Everything will depend on standards of the 
particular house, directions, where it is located geographically etc. Cost figures will always be either 
referring to an actual project - and would then not be exactly the same for any other building - or it 
will be estimations or average numbers. Average numbers should be best to use for these types of 
projects since the houses aims at being “average houses”. 

REPAB (2010) was used as a source for the majority of the costs and in cases where it did not list a 
price of equipment for a measure VVS Företagen helped to find prices. The price suggestions that 
were obtained from VVS Företagen could be differencing a lot. An example of this is the price of 
installing an FTX-system in the larger buildings, it ranged from 20 000 SEK up to 80 000 SEK per 
square meter. One reason for this large span can be differences in what is included in the cost of the 
FTX-system and how easy it can be installed in the building, considering the spacing and construction. 
As it is not known how the HVAC system looks in detail in the buildings, an average value of the span 
was chosen to use. 

The calculated trend of energy price is also prone to criticism. There are a number of parameters that 
influences the price of energy and it might not be appropriate to assume that the price will continue 
to increase at the same rate as the last five years. Also, the only thing that is considered to increase is 
the grid fee. The electricity price itself also has changed during the last years but it is assumed to be 
constant in these calculations. There are other theories about how energy prices will rise as well. For 
example that they will increase when people use energy more efficiently, because then they can 
afford the higher prices. While specific energy price trends are nearly impossible to predict, the 
general trend is that they will increase and it was important to capture that in the economic model. 

7.2 Suggestions for Further Work 
To further develop this study one suggestion is to remodel the buildings with a simple HVAC system 
setting to see what difference in results it gives. This might also make it possible to model the three 
excluded buildings as well. It can also be interesting to model one building in another software and 
see what the difference will be.  

Another interesting aspect can be to examine the possibilities to implement renewable energy 
technologies in the packages. A lot of development has been made in this area and to invest in 
technologies to produce parts of the needed energy on site can be profitable. If there is a desire to 
get a green certificate or label for the building, renewable energy can be worthwhile to have on site.  
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8 CONCLUSIONS 
When looking at the buildings with the largest saving potential, all houses have a similar reduction, 
especially in package B where the reduction was around 25 % for most of the buildings. For package 
C, two of the nine buildings reaches a reduction of 60 % or more and eight out of nine houses 
reduces their energy use by at least 50 %. Building five and building nine have the least energy saving 
potential among the simulated buildings. The major common denominator is that they are both 
constructed of a precast structure. But although they are the buildings with least savings potential 
they still have almost a reduction of 50 % in package C compared to base case which is a good saving. 

Package C is the most profitable option in the 40-year perspective for all houses, considering that a 
façade renovation and window change is planned. The time it takes for package C to pay off differs 
quite lot between the different houses. The time span for the pay-off time for package C is 12 to 24 
years. In the lamell houses and the loftgång house the pay-back time for package C is shorter than for 
package B. This might be due to what heat recovery system that is used. Those houses have exhaust 
air heat pumps instead of an air-to-air FTX system and in the calculations the cost for FTX system is 
higher than the cost for an exhaust air heat pump.  

In the 40-year perspective there were three houses that save a lot more money (per square meter) in 
the end than the rest of the houses. What is interesting is the fact that those three houses are of 
different types. The best one is a punkt house, the second best a lamell house and the third was a 
skiv house. This indicates that the type of the building does not decide how profitable the investment 
will be, but rather the construction and individual characteristics of the building of study. 

The results are considered to be in line with what would be expected of renovations of this type. 
Case studies have shown that deep retrofits, when done in conjunction with routine maintenance, 
can offer significant energy and financial savings. These results will be valuable for use in the VVS 
Företagen publication in educating Swedish building owners about the benefits of energy efficiency. 
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APPENDIX 1 – Strategy to Get the Right Settings in the Building Models 
When you build the models, start with the Base case and base Packages A on that model. In the 
same way, base Package B on the model for Package A and Package C on the model for Package B.   

For all models: Import templates 

1) Download the template files from Dropbox  
2) Save the files on the computer  
3) Import them to Design Builder by clicking File -> import -> import from library -> chose 

template to import 
4) When simulating it is OK to have 1 time step per hour (to make it run a bit faster). 

Base case 

The changes are made in the different tabs in Design Builder. Each tab that is to be changed have a 
heading below. 

Activity 

1) In the building level, apply the template: “Project template Occupied” 
2) Go into the block/zones that are unoccupied and apply the template “ Project template 

Unoccupied”  
3) Laundry zone 

a. Go to the Laundry zone and apply the template “Project template Utility”  
b. Change the electricity for the laundry zone (Miscellaneous) and the DHW for the 

laundry room: calculate the laundry numbers using the excel file on Dropbox (Design 
Builder -> General data -> Calculation for laundry zones)  

4) If the building has an attic, apply the template “AtticSpace”.  
Make sure there is no ventilation, lighting or HVAC on and that the occupancy and DHW is 0.  

Construction 

1) Make sure that the infiltration rate is set to 0.1 
2) Merging zones, go to: Tools -> Merge zones -> By selection 

Do not merge the Top floor zones with the ones below if the building has a flat roof.  
Do not merge the lowest floor (basement or ground floor) with the ones above.  

Openings 

1) In the whole building: use the windows named: “Dbl Clr 3mm/13mm Air”  
2) In the whole building: use the frame called “Aluminium window frame (with thermal break)” 

Lighting 

1) On building level: Apply the template “Project lights occupied” 
2) On building level: Add exterior lighting of 200W, with the schedule “ON” and the control set 

to “schedule + overrun at daytime” 
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3) In the unoccupied areas: Set the schedule to “ON” for some zones and to “OFF” (uncheck 
the “general lighting” box) for some zones. Do not want it either ON/OFF in all of the 
unoccupied zones, but in some to represent the stairwells 

HVAC 

1) Apply the template “HVAC_AttemptTwo” to the building level. 
Make sure that:  

a. The ventilation system is a CAV-system  
b. The radiator water delivery temperature is set to 60oC 
c. DHW Template type is: “1-same as HVAC” 
d. Min AHU outside air requirement schedule is set to: “ON” 
e. Under Heating, check/mark the “Radiators/Baseboard” box, chose “Replaces main 

heating” and a radiant fraction of 0,4 
f. Heating -> AHU Heating -> coil type -> “1-None” 
g. Mechanical ventilation -> outside air definition method -> “3-Min fresh air (Per 

area)” 

Package A 

Not all of the settings from the Base case are changed, only some in the Activity- and Lighting tab. 

Activity 

1) On the building level: Apply the template “Project template occupied A” 
2) In the unoccupied zones: Apply the template “Unoccupied A”  
3) Laundry zone 

a. Apply the template “Utility A”  
b. Change the electricity and the DHW to be the same as in the Base case.  

Lighting 

1) Set schedule (NOT template) in the unoccupied zones with lighting (as in Base case) 
activated to “unoccupied space visits”.  

2) For the zones that did not have any lighting in the Base case, uncheck the “general lighting” 
box. 

Package B 

Some of the changes that was made in package A will remain, some will be changed again.  

Activity 

1) On the building level: apply the template “Occupied B”  
2) In the unoccupied zones:  apply the template “Unoccupied B”  
3) Laundry zone 

a. Apply the template: “Utility B”  
b. Change the electricity and the DHW in the laundry zone to numbers calculated with 

excel file as previous (NEW value for electricity compared to Base case) 
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HVAC  

1) On the building level: apply the template “HVAC_AttemptTwo-B”  

Openings 

1) For the glazing type, use “Package B” windows (U-value of 1,3) 

Construction 

1) If possible in the building, add insulation to the attic: 20 cm of mineral wool 

Package C 

Heat recovery will be implemented; if an FTX-system is to be used the main changes is in the HVAC 
system, if the building instead will use a heat pump this will be post processing calculation.  

HVAC 

1) Heat recovery 
a. If FTX-system should be used: apply the template “HVAC_AttemptTwo-C” to the 

building level. Under “heat recovery” change schedule to “winter-something…” 
b. If a heat pump is to be used: apply the template “HVAC_AttemptTwo-C” to the 

building level and uncheck the box with heat recovery 

Openings 

1) Change the glazing type to “Package C” windows (U-value of 0,9) 

Construction 

1) Add an extra layer of 10 cm insulation to the walls. Use “Foam-polyurethane” or if you 
already have mineral wool, add 10 cm of that.  

Simulation 

1) Simulate the building for a whole year giving daily outputs and using one time step per hour 
2) Export: 

a. Annual results data, the data should be in a grid. Export it as a .csv file 
b. Summary of simuation 

 

REMEMBER to BE ON THE BUILDING LEVEL  
when you export the simulation results! 
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APPENDIX 2 – Base case inputs to Design Builder  
In Design Builder there are different levels from where the settings can be controlled. Building Level 
is the general one that covers all parts of the building unless other settings are set to the zones. 
Therefore are all the basic settings set on Building level and then the zones with special settings are 
set separately.  

Building level 

In the activity tab the template Project Template Occupied is chosen and the setting that is given 
shows in the figure below. As noted the occupancy density is set to 0,3 people per square meter, the 
set point temperature is 21oC and the minimum fresh air is 0,35 l/s,m2.  

 

The construction is varying between the different buildings but in the figure below the construction 
input sheet is shown. 
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The Openings-tab is concerning the windows and doors in the building. Here a reference window has 
been chosen which is an aluminum framed  double clear glass with air in between. 
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The lighting for the base case is the template “Project Lights Occupied” which gives a lighting energy 
of 2 W/m2, 100 lux.  Some exterior lighting is added as well as seen in the figure below. 
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The HVAC settings is a templete called HVAC-Attempt Two, which is the type CAV. In package C heat 
recovery will be added for those buildings that are compatible with it. The heating is as seen in the 
figure through hot water radiators, and a Dwell domestic circulation template is used for the hating. 
The hot water is heated the same way as the heating system which is through distric heat.  
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Laundry room 

The zone meant for laundry has different settings than the rest of the building. The number for the 
laundry is inserted in miscellaneous and the DHW-use and this is calculated for each building based 
on the area of the laundry room. There is also a special template for this room which gives another 
schedule with a lower temperature and no extra equipment such as computers. 

 

The lighting is also given a different schedule, which is for an unoccupied area.  
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The HVAC has also other settings, which can be seen in the figure below. The heating in this cases is 
easier without AHU for example. 
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Unoccupied areas 

Unoccupied areas, such as zones representing the stairwells, has a template called Project Template 
Unoccupied. The set-point temperature is 18oC and no miscellaneous are counted for.  

 

The lighting settings are the same as for the laundry room in some zones, if there are several 
unoccupied zones some of them has no lighting at all. 
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The settings in the HVAC are the same as for the laundry except that it doesn’t use any hot water. 
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Attic 

The attics are set to special templates with no heating, cooling, lighting or ventilation. This can been 
seen in the picture below from the activity- and lighting- and HVAC- tab. 

 

It is assumed that there is no lighting in the attic space. 
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And the no HVAC is used in the attic space, as seen below. 
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APPENDIX 3 – Heat balance results from DesignBuilder 
The heat balance chart shows where energy is added and lost in the building. All sources of energy 
are included here to help make a relationship between energy sources and understand the 
magnitude of consumption. Energy added to the building come from space heating, domestic hot 
water, common electricity, domestic electricity, solar gains, and occupancy gains.  Losses are due to 
ventilation and envelope transmission. DesignBuilder supplies all values except for envelope 
transmission, which is assumed to make up all losses that are not ventilation. The basic assumption 
driving the calculation is all gains and losses must be equal to maintain a constant internal energy 
within the buildings. 

Results 
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