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Abstract:  
Under the pressure of energy shortage, energy saving has become one of the most important topics. The world is 
seeking different ways to follow the sustainable development concept and to solve the energy shortage crisis. 
This thesis is based on the idea of improving energy efficiency in the building industry which is one of the 
biggest energy consumption industries. The aim of this paper is to simulate a renovation of an existing old 
building in Sweden according to the concept of building a Swedish Passive House and to see how much energy 
could be saved after the renovation. The target building Taljstenen 7A-C was built in 1960 in Uppsala and it 
belongs to the housing company Uppsalahem. The target building is facing extensive renovation due to its age. 
An energy consumption model of the present building was built by the software VIP-Energy after measurements 
and calculations. Based on the model, three important improvements are made in a simulative renovation process. 
The three improvements are insulating building envelope, installing a new FTX ventilation system with high 
efficient heat recovery system and installing solar collectors for hot top water and space heating. The results 
show a significant reduction of energy consumption of the renovated building compared to the original one 
which is from 516MWh per year decreased to 371MWh. Although the renovated building did not completely 
fulfil the Passive House Standard in Sweden, it still has improved to be a low energy building. The purpose of 
saving energy can be achieved.  
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1. Introduction 

1.1 Background 

Due to the rapid growth of the world’s population, over-consumption of natural resources, as well as 
inappropriate use of energy, a considerable amount of energy is wasted every day. In fact, human has taken 
resources from the earth for granted for too long. This has resulted in serious environmental issues and energy 
crisis, which indicates an alarming future. Those have become the biggest challenges for human beings.   
 
With the concern for those challenges, a concept of sustainable development has been proposed by the 
Brundtland Commission.  The definition of sustainable development comes the publication from Our Common 
Future, also known as the Brundtland Report:“Sustainable development is development that meets the needs of 
the present without compromising the ability of future generations to meet their own needs” (United Nations, 
1987, P.43). In this sense, in the coming years people will have to make an effort to change the present 
consumption behaviour to improve energy efficiency in every possible way and to switch to renewable energy 
sources in order to create a sustainable future for future generations(Feist et al., 2005).To deal with the energy 
crisis, improving energy efficiency and utilizing renewable energies have become major global topics in recent 
years. The European Parliament and Council obliged all European member states to implement energy 
regulations to meet the sustainable criteria. According to this, the European Parliament and Council established 
three key targets, which are known as the “20-20-20” targets, in June 2009 to meet those challenges by 
2020(European Commission, 2012).  
Those are: 
·To reduce greenhouse gas emissions in the European Union (EU) by 20% by 2020 compared to the level in 
1990.  
·that 20% of the total energy consumption in the EU should come from renewable energy sources by 2020.   
·To improve energy efficiency by 20% in the EU by 2020.   
 
In order to response to the “20-20-20” targets established by the European Parliament, Sweden has set national 
goals stating that energy consumption should be reduced by 20% in the building sector by 2020 and by 50% by 
2050 ( Molin et al., 2011). The sector of building energy consumption (both residential and commercial 
buildings) constitute itself as a significant proportion of the total energy consumption accounting for up to 40% 
of the total energy use in the EU as shown in Figure1.1.  This means that there is a substantial potential for 
reducing energy consumption in building sector by improving energy efficiency and by using renewable energy 
sources.  
 

 
Figure 1.1. Annual energy consumption by sector in Europe  (European Commission, 2013) 
 
The energy crisis brings a concept of super- insulated houses in the late 1970s to achieve the goal of reduction of 
energy demand in buildings. This concept has later been developed and defined as Passive Houses ( Molin et al., 
2011). Passive Houses are defined as low energy buildings with a well insulated building envelope, a mechanical 
ventilation system with high energy efficient heat recovery, and maximum solar energy utilization. Only small 
amount of energy is needed to keep a pleasant indoor climate for tenants in a passive house. The first Passive 
House was built in 1991 in Darmstadt, Germany (Wall, 2005). After the first passive house has successfully 
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proved its advantages, the concept rapidly developed worldwide. New buildings designed with the Passive 
Houses concept are more sustainable and energy efficient; the energy consumption for new buildings is 
minimized. Nevertheless, that does not mean that the energy consumption for the building sector has been 
reduced. It only leads to a slower increase rate of total building energy consumption, as most of the buildings at 
present were built many years ago and still consume large amounts of energy every day (Abel & Elmroth, 2007). 
Existing buildings account for a big share of the energy consumption in the building sector. There is a great 
potential of retrofitting existing building to save energy.  
 
Therefore, an existing old building from the 1960s in Sweden was looked at as the target building for this thesis 
work, the housing company Uppsalahem in Uppsala has a lot of old buildings that need to be looked at for 
retrofitting. Those buildings were built many years ago and now they are close to the end of their life time.  
Thus, the project was in collaboration with Uppsalahem and a specific case Taljstenen 7A-C was provided by 
Uppsalahem for simulation analysis. A literature review has been carried out to provide the basic theoretic 
knowledge for this report. Energy simulation software VIP-Energy was used to analyse the energy performance 
of the target building. The input data were collected in different ways. The input data were calculated based on 
the blueprints of the target building, measured and investigated in Täljstensvägen 7A-C, or given by Uppsalahem.  
 

1.2 Purpose and expected outcomes 

The aim of this paper addresses to find out what energy performance can be expected from renovating the target 
building by following the Swedish passive house performance standards, which will be introduced in more detail 
in the theory chapter based on the local climate conditions.  Moreover, the report will show how those 
techniques can affect the energy efficiency performance as well.  
 
According to the purpose of this project, the major expected outcomes are listed below: 
An analysis of the current energy consumption of Täljstensvägen 7A-C by using VIP-energy simulation software.  
A formulation of suitable methods according to the specific cases to renovate Täljstensvägen 7A-C to an energy 
efficient and comfortable passive building. A comparison of the differences before and after renovation to see 
what benefit can be gained though those techniques.  
At the end, the experiences from this demonstration project are expected to be used for other buildings or further 
studies.  
 

1.3 Limitation 

There are some limitations that should be clarified here. Based on the sustainable development principle, a 
comprehensive analysis of such a renovation program should cover all the aspects like economic impact, 
environmental effect, energy efficiency, human health and comfort level. However, this paper mainly considered 
the aspect of energy efficiency due to limited time. Therefore, this paper did not include an LCA (Life Cycle 
Analysis) or LCC (Life Cycle Cost) analysis. Besides, the actual technical problems during the construction 
process, like air leakage or moisture problems caused by inappropriate installation or construction have not been 
taken into consideration for the simulation results. Although air tightness of n50 ≤ 0.3l/s·m2 is one of the 
essential evaluation criteria for a passive house, however, air leaks are unpredictable during the simulation 
process and the leakage rates vary in different weather (The n50-value indicates the frequency of the air in a room 
is changed within one hour monitored at  +/-  50  Pa). Thus, it has been eliminated from this simulation paper. 
All of those kinds of problems have been ignored during the simulation process. Because of the age of the target 
building, some information was already missing and impossible to get during the thesis period, for instance, the 
building materials and thickness for each layer of the building envelope. Therefore, general construction of 
typical type of building in that time was used as reference data. Reasonable estimates and hypotheses are 
necessary for the simulation process. For example, the climate data was using data of Stockholm not Uppsala; 
the internal heat from human body can only be estimated through setting an activity level of certain number of 
people. All those estimates and hypotheses could bring a level of uncertainty to the results.  However, what is 
most important is to compare the renovation effect on the energy efficiency through different techniques. Hence, 
if the pre-set values remain the same before and after renovation, it can still give a fairly accurate result.  
Last but not least, it is very important to know that the simulation model can only be built as similar as possible, 
but cannot be exactly the same as the real life scenario due to a lot of uncertainty. But it was built to show how 
the renovation program works and what results it could bring to us.   
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2. Theory  

2.1 Passive Houses 

2.1.1 Passive houses definition  
The concept of Passive Houses was first introduced by Professor Bo Adamson from Lund University in Sweden. 
Professor Adamson developed this concept through an energy efficient houses project he had for Chinese 
government in late 80s (Janson, 2010). Professor Adamson and Wolfgang Feist, who was a PhD student from 
Lund University at that time, successfully built the first passive house Darmastadt-Kranichestein in Germany in 
1990 (Janson, 2010). After that, passive houses spread rapidly all over the world. The passive house has a 
standard for minimum energy consumption and a high level of comfort. Therefore, a passive house should have 
very good insulation and air tightness of the building envelope, in which only a very small amount of heating 
energy is needed for heating up the building.  Moreover, mechanical ventilation with highly efficient heat 
recovery is required to keep a healthy indoor air quality (Boqvist, 2010). The concept of passive house is not 
only focus on energy performance but also concern about a comfortable level of indoor climate for tenants who 
are living in the house.Furthermore, environmental impact and economic investment of passive house should 
also be taken into consideration.  However, only energy performance is considered in this paper because of 
limited time. This will be explained in the limitation section.  
 

2.1.2 Basic criteria of Passive Houses  
The picture explains the most important components that a passive house should have, which are a well-insulated 
building envelope to minimize heat losses .A mechanical ventilation system with high energy efficient heat 
recovery to keep a healthy indoor air quality and to reduce heat losses. Maximum utilize passive solar energy 
gain through windows and also by installing solar collectors.  
 

 
Figure 2.1 the Passive Houses (Wanhua Industrial Group Co., Ltd., 2008) 
 
Passive houses is not a new technique for improving energy efficiency, but rather a concept of utilizing suitable 
materials and techniques to construct a building with good energy performance and comfortable indoor climate 
by a reasonable investment. The criteria below only present the general standards of passive houses. 
According to the concept, basic criteria of passive houses are given*(Ermers et al., 2008):  
·A space heating energy requirement of ≤ 15 kWh/m2 per year* 
· Peak load for space heating ≤ 10 W/m2 * 
·Air tightness of n50 ≤ 0, 3 l/s·m2 * 
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The standards of Passive House should vary depending on various climate situations in different countries.  
Based on the general criteria of passive house, the Forum for energy efficient buildings (FEBY) made some 
adjustments with regards to the Swedish climate and published the first Swedish passive house standard in 2007, 
and updated a new version in 2009 (Zalejska-Jonsson, 2011 P.11). A Swedish passive house concept was 
clearified by FEBY: “a passive house should achieve thermal comfort with minumum heating energy and 
maintain it by rational heat distribution of a hygienic air flow” (Forum for Energieffektiva Byggnader, 2009a). 
The heating distribution system in Swedish passive house could consist of either air heating or conventional 
heating system  (Zalejska-Jonsson, 2011 P.12). 
 
The criteria of Swedish passive house are set for three climate zone according to the Swedish building code.The 
criteria vary depending on different climate zones and building types.  Uppsala belongs to climate zone 3, and 
the target building Täljstensvägen 7A-C is residential building; the main requirements of residential buildings in 
climate zone 3 are summarized in Table 2.1 below.  
 
Table2.1Passive house standard for residential buildings in climate zone 3 (adapted from Zalejska-Jonsson, 2011 P.12-P.13) 
 
Peak 
load 
for 
space 
heating
* 

 
Purchased energy requirement** 
 

Air tightness 
n50-leakage 
rate 

U-value of 
windows 

Indoor 
comfort 

Ventilation 
system  

not including 
household 
electricity use; 
For dwellings 
without electric 
heating systems 

not including 
household 
electricity use; 
For dwellings 
with electric 
heating systems 

≤10 
W/m² 

≤ 50 kWh/ m²A ≤ 30 kWh/ m²A ≤ 0,30 l/s m2 
with +/- 50 
Pa,  
According to 
SS-EN 
13829 
standard 

U ≤ 0,90 -
0,80 
According to 
SS-EN 
12567-1 and 
SS-EN 
ISO 10077-1 
standards 

temperatur
e April - 
September 
should not 
exceed 26 
C grade 

efficiencyη≥
75% 
 
sound from 
ventilation 
system should 
be better than 
class B 
 

* Peak load for space heating means the maximum amount of energy that must be delivered to the building at a 
particular time (usually the coldest day) in order to achieve the required indoor temperature. 
**Purchased energy –Including energy use for space heating, domestic hot water and common electricity 
(exclude household electricity). 
Energy gain from solar collector or wind power is not included. 
 

2.1.3 The design principle of passive house 
According to the basic criteria, there are some important requirements which should be fulfilled in order to 
achieve the passive house criteria. A passive house design principle, the so called “Kyoto pyramid”, was 
summarized as five main principles by Are Rødsjø from the Norwegian Housing Bank and Tor Helge Dokka 
from SINTEF Byggforsk. The “Kyoto pyramid” is shown in Figure 3.1. It gives a clear idea about how to start 
the renovation simulation and works as a general guideline for this project.  But it should be clarified that it has a 
large amount of work if all those steps are fulfilled. This project focuses mainly on parts of the whole process; 
other parts could be briefly mentioned as well.  
 
The five main steps are (Janson, 2010): 
Step 1: Reduce heat losses. In order to achieve this goal, excellent thermal insulation is necessary for a passive 
house. Joints between building components should be well constructed to avoid thermal bridges. Besides, an 
airtight layer to prevent air leakage is indispensable. Furthermore, a ventilation system with a high efficient heat 
exchanger not only keeps the indoor air fresh but also covers heat losses through the heat exchange between 
exhaust air and supply air.  
Step 2: Reduce electricity consumption. This can be approached by equipping energy efficient fans, pumps, 
household appliances and lighting systems in the building.  
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Step 3: Utilize solar energy.  A reasonable arrangement of windows orientation and shading could help to gain 
solar energy. Installed solar collectors should be used for supplying energy for domestic hot water. In addition, 
photovoltaic cells for electricity production should be considered as one option.   
Step 4: Display and control energy consumption. Find out a reasonable and efficient way to control the lighting, 
cooling/heating, and ventilation system based on the demands. Display the energy use to tenants and get 
feedback to adjust the control system.  
Step 5: Select energy source. After the other steps are done, the remaining energy demand is small, and it can be 
covered by using suitable energy sources, for example renewable energy. The choice of suitable energy sources 
and distribution systems according to the building demand can optimize the final result.  
 

 
Figure2.2 The Kyoto pyramid，showing passive design principles (Janson, 2010) 

 

2.2 Energy Balance 

Energy balance is the fundamental theory for calculation of the VIP-energy simulation software.  Energy is 
supplied for different purposes to a residential building, and consumed in many ways. In order to keep a constant 
indoor climate, energy consumed by the building needs to be the same amount of energy supplied to it. To make 
a simple generalization as the equation below: 
 
Energy In = Energy Out  
 
The VIP-Energy software is running based on this theory, and so is the data collection. There is a detail equation 
is given below (Abel & Elmroth, 2007):  
 
Qenergy = Qheat + Wel = Qtran+ Qleakage + Qvent + QDHW + Qdr+ Wf+ Wh- Qrec- Qint - Qsol 
 
Where,  
Qenergy : Annual net energy demand of the building  
Qheat : Annual net heating demand of the building  
Wel : Annual electricity energy demand of the building*  
Qtran : Annual heat losses due to transmission through the building envelope  
Qleakage : Annual heat losses due to air leakage or airing through the building envelope.*(called infiltration in 
chapter7) 
Qvent : Annual heat demand for ventilation 
QDHW : Annual heat demand for domestic hot water 
Qdr : Annual heat losses through distribution and control system* 
Wf : Annual electricity energy demand to run fans, pumps and control system* 
Wh : Annual electricity energy demand for domestic use* 
Qrec : Annual amount of heat can be recovered by ventilation/waste water heat exchange , solar cells, heat pump 
or similar.  
Qint : Annual amount of heat gain from occupants, lighting, household appliances to the building.  
Qsol : Annual amount of heat gain from passive solar energy through windows 
* Those terms are impossible to measure during the thesis period or limited by the simulation software function. 
However, they have negligible effects to the results, so they are excluded in the simulation process.  
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3. Methods 

3.1 Literature review 

A literature review is one of the methods which are used for this thesis. Related books and scientific articles 
were studied to get a clear understanding of the theoretic background for writing this thesis. For instance, the 
book Building and Energy- a systematic approach written by Enno Abel and Arne Elmroth (2007) provides the 
important fundamental knowledge of energy balance and indoor climate. And it also gives useful information 
about HVAC (heating, ventilation, and air conditioning) system and ventilation system. This book serves as a 
theory guideline for the thesis.  Another useful book, Passive Houses in Sweden, written by Ulla Janson (2010) 
provides several previous renovation cases about how to build a passive house. Particular problems, adopted 
techniques and building experiences with regards to the renovation process could be got from this book. There 
are other books, scientific articles that were read and referred, all of them helped to finish the thesis.  
 

3.2 Measurement and Software simulation  

3.2.1 VIP-Energy 
The energy simulation software VIP-Energy was used to analyse the entire building energy balance, thermal 
indoor climate, and energy consumption.  The calculation kernel of VIP-Energy is based on the energy balance 
equation, using physical data of the target building and local weather data to make sophisticated simulation 
calculation (StruSoft, 2002-2011 ).VIP-Energy is a production developed by Strusoft Company. VIP-Energy has 
a data base such as real time climate information of different cities, building materials and other information 
which provides an easy way for the user to build an energy performance model.  It is easy to use for testing 
different values with a satisfactory speed which is an advantage of it. However, the data base could be more 
comprehensive regards to climate data and building materials which will make the simulation more accurate.  
  

3.2.2 Input data collection  
The input data were collected in different ways.  Some of the input data were calculated based on the blueprints 
of the target building. Some were measured and investigated in Täljstensvägen 7A-C. For example, the indoor 
temperature was measured by putting three thermal sensors in different places of the building block and 
recording the indoor temperature for ten days. In addition, a thermography was used to get the thermal images of 
the target building. It helps to know which parts of the building have heat loses. Electricity consumption and hot 
water consumption of Täljstensvägen 7A-C were given by Uppsalahem. After using VIP to analyse current 
energy performance, it was also used to simulate results after renovation measures were made for the target 
building.  
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4. Selected case study  
The Täljstensvägen area is in the southwest part of Uppsala city. The housing company Uppsalahem owns 411 
apartments and two commercial buildings in Täljstensvägen area. The buildings in Täljstensvägen were built 
from 1960 to 1961. During the years, the building has been renovated several times, such as adding aluminum 
sheets on windows and changing the window frames, replacing ceiling fans, and changing new ceramic tiles in 
all bathrooms. However, the buildings are all very old, and such renovation cannot satisfy both tenants’ 
comfortable requirements and sustainable energy efficiency standards for today. Those buildings are coming into 
their last few years of life cycle and it is time for a big renovation now. Uppsalahem intends to renovate the 
whole area to energy efficiency buildings with desirable indoor climate, like passive houses in a recent future. 
Hence a typical type of building Täljstensvägen 7A-C was chosen to be the demonstration building for this area.  
The actual investigation of the building Täljstensvägen 7A-C is described in this chapter, so the readers can 
know what the building looks like and what the reasons are for renovation. 
 

4.1 Current status of the target building  

Täljstensvägen 7A-C is a four-floor brick building with balconies on both the west and east side. The outer wall 
for the basement part is concrete. All the windows of Täljstensvägen 7A-C are triple glasses. The building is 
facing to the west. Therefore, window areas are mostly on the west and east side. The first floor is a basement. 
There are two washing rooms, drying rooms, a space heating control room, several storage rooms and bicycle 
parking space in the basement. The other three floors are apartments for tenants. There are nearly fifty people 
living inside the building.  The building’s appearance is shown in Figure 4.1 below. The detail blueprints of the 
structure of the target building is given in Appendix 1. 
 

 
Figure 4.1 Building envelope  
 
The envelope of the building Täljstensvägen 7A-C has some surface damages like small cracks and holes. There 
are windows, openings on the wall which are unnecessary exist and caused unwanted heat losses. A 
thermography was used in this investigation to examine the heat loss situation of the building envelope. For 
example, as it shown in Figure 4.2, most of the heat is lost through the windows of the basement and the joints 
between brick wall and concrete wall, and even through the outer wall. Aluminium sheet and insulation were 
added around the window frame for insulation in the past renovations. As a consequence, it shows a relatively 
good insulation around the window frame area compared to other parts. The purpose of installing windows for 
the basement was for natural lighting. However, there are several reasons that indicate that the windows are 
unnecessary for the building. The geographical location of Sweden and the daylight is very brief during the 
winter. Moreover, because of the area and transparency of the basement windows, they cannot satisfy the 
lighting needs even in the summer time. As a consequence, lighting is always needed in the basement even 
though it has those windows. Second, the basement is not used all day long, so the lighting only needs to be 
turned off when it is in use. Finally, the energy supply to compensate heat losses through the basement windows 
could be larger than the lighting demand.  
A thermography was used to examine the heat losses situation.For example, in the Figure 4.2, heat is lost 
through the basement windows, the joints between brick wall and concrete wall. Dark color means the 
temperature is low and a bright color menas a warmer temperature. As figure 4.3 presents, the heat lost through 
the basement windows is unwanted. Therefore, the basement windows should be removed to reduce heat losses, 
and it would not cause inconvenience for the tenants. 
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Figure 4.2 Heat lost through the building envelope 
 

      
Figure 4.3 Heat lost through the basement windows 
 

 
Figure 4.4 Heat lost through the building envelope  
 

   
Figure 4.5 Heat lost through the outer wall construction

An indoor temperature measurement was carried out for ten days from the 18th of February to the 28th of 
February. Three temperature sensors were put in different places in the target building. During the measurement 
period, the outdoor temperature in Uppsala had a dramatic change around 20 degrees. But from the data we got 
through these three sensors, it shows that the indoor temperature has been stable. The sensors put in the 
basement and inside which are shown in Figure 4.6 and 4.7 , the red full line indicates that the building has a 
relatively constant temperature around 21°C . 
 

 
Figure4.6 Indoor temperature measurement result for the sensor, which was placed in the basement. 
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Figure4.7 Indoor temperature measurement result for the sensor which was placed inside an apartment. 
 
The sensor close to a window only has an average temperature around 14°C ,as Figure 4.8 shows.  
In this sense, the building envelope has a thermal bridge near the windows. A thermal bridge generally occurs at 
the junction of different building components or near doors and windows when the surrounding materials are 
poorly insulated. A thermal bridge always brings heat losses through the building envelope which should be 
taking into account during the design and construction process.  
 

 
Figure 4.8 Indoor temperature measurement result for the sensor which was placed close to the window.  
 

4.2 Heating and ventilation system before renovation 

There are washing rooms, storage rooms and control rooms at the basement floor. The two laundry rooms are 
shared by three other building stocks nearby.  The energy for space heating and domestic hot water is supplied 
by district heating. There is a control room in the basement floor that functions as a small distribution station that 
distributes hot water supplied by a central heating system to Täljstensvägen 7A-C and three other building stocks.   
In the investigation, we found out that the distribution pipes are outworn and need better insulation to avoid 
unwanted heat losses through the distribution process. See the exposed pipes in Figure 4.9 below.  
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Figure 4.9 Exposed pipes 
 
The ventilation system is an air extraction system. There is only one central exhaust fan per building which is 
installed in the attic. There is no heat exchanger in this ventilation system in Täljstensvägen 7A-C.  The indoor 
air is extracted by the central exhaust fan. Exhaust pipes are mainly placed in kitchens and bathrooms. A 
negative pressure is generated in the building by continuously extracted air and the fresh air enters the room by 
open windows, air leakage or infiltration through vents and gaps of the building envelope. The temperature of 
the fresh air, which enters the room, is nearly the same as the outdoor temperature, which may generate annoying 
draughts. If the incoming air is humid, without going through a filtration system, it may lead to moisture 
damages to the building structure. Besides, it requires lots of heat to warm up the cold air coming into the room 
to keep the indoor temperature constant. Moreover, if the outdoor air is polluted, the incoming air without 
filtration can pollute the indoor air (Russell et al., 2005). The original ventilation system is shown in Figure 4.10. 
 

 
Figure 4.10 the original ventilation system: Mechanical extract ventilation (EnviroVent Ltd, 2013) 
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5. VIP-Energy Simulation 
VIP-Energy is a series of simulation software modules, which was designed by Strusoft Company. It can 
calculate energy performance of the entire building based on the energy balance equation which was mentioned 
in the theory chapter. VIP-Energy software calculates the building energy balance by using a physical model of 
the building and real weather data (Strusoft-Structural Design Software in EuropeAB, 2002-2011). Data 
collected for the VIP-Energy calculation and the simulation for improvements are presented in this chapter.  
Furthermore, the simulation process mainly follows the five steps of the “Kyoto pyramid”mentioned in The 
theory chapter. VIP-Energy needs a lot of different input data to complete the simulation process, so only the 
data that made a big effect on the result and have made improvements during the simulation process are 
presented here.   
 

5.1 Reduce heat losses 

5.1.1 Building envelope 
The first step is reducing the heat losses through the building envelope. The building envelope consists of walls, 
windows, doors, roof and ground floor. Information about the current building envelope status is summarized in 
the Table 5.1 below.  
 
Table 5.1 Current building envelope information 
 Structure  materials  Thickness  U-value (W/m2K)** Figure  
Wall* Brick wall*  

(Uppsalahem, 
2013) 

Facade brick                120mm 
Mineral wool 36           30mm 
Concrete Normal RH   220mm  

370mm 0.869 

 
Basement wall Light concrete 270mm 

 
270mm 1.472 

 
Roof  Wood Pine                   20mm 

Blower wool                150mm 
Concrete Normal RH   200mm  

370mm 0.250 

 
Ground floor  Concrete Normal RH   200mm 200mm 3.476 

 
Window  3-Glass standard with U-value 1.8 W/m2K 
Door  Normal wood door with U-value 1.0 W/m2K 
 *Because of the age of the target building, the particular information about the structure materials and the thickness of each 
material layer is missing. Therefore, the data above is calculated based on the information of this typical type of building in 
that period.  
**U-value: Heat transfer coefficient 
 
According to thermodynamics, the lower the heat transfer coefficient (U-value), the less heat is lost through the 
building envelope. Therefore, by adding insulation materials and increasing air tightness, the heat transfer 
coefficient is lower and the building envelope become more insulated. The load bearing structure will not be 
discussed here, it should be kept the same in the renovation.  
 
To increase heat retention in the building, the insulation has to be added from the outside in order not to decrease 
the living space for tenants in the target building. The bricks of the outer wall and the original insulation layer 
had to be removed. A plastic foil was added to improve the air tightness of the building envelope before 
insulation material was mounted.  The plastic foil was separated from the rugged concrete wall by a gypsum 
board to avoid any damage of it. This could decrease the risk of air leakage.  New insulation material such as 
mineral wool, PUR-foam with a lower heat transfer coefficient was replaced it. In the end, the thickness of the 
wall was increased from 370mm to 540mm. The basement wall was made of light concrete. Insulation materials 
was added from the outside aligned at the brick wall.  The improvement method was restricted by this particular 
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case. But if this building is going to be rebuilt instead of renovated, a better approach for reducing the thermal 
bridge between the joins of those two different wall materials is to let this two different walls unify as one wall 
and encircled with insulation materials.   
 
The windows before renovation were standard three glasses window. In the simulation, the standard three-glass 
windows have been changed to a three-glass energy efficiency window type. The new windows consist of three 
panes and the gaps between those panes are filled with argon gas which give a lower U-value for the windows.   
 
It is worth noting that although the insulation layer of the roof was taking into simulation here, the asbestos- 
cement covering for the steep roof surface should be removed since it has been forbidden to avoid cancer risk.  
The main changes for the building envelope after the simulative renovation are given in table 5.2 below. 
 
Table 5.2 Building envelope after the simulative renovation 
After renovation 
 

Structure  materials   Thickness  U-value 
(W/m2K) 

Figure  

Wall Brick 
wall 

KC-Plaster                        0.2mm 
Plywood                          10mm 
Mineral wool 31              150mm 
PUR-foam                       150mm 
Exp.Plastic 21                 0.2mm 
Gypsum board                 10mm 
Concrete Normal RH        220mm 

540mm 0.094 

 

Basement 
wall 

KC-Plaster                       0.2mm 
Gypsum board                 10mm 
PUR-foam                       100mm 
Mineral wool 31               150mm 
Exp.Plastic 21                   0.2mm 
Gypsum board                   10mm 
Light weight concrete        270mm 

540mm 0.109 

 

Roof  Wood Pine                        20mm 
PUR-foam                        100mm 
Gypsum board                  15mm 
Mineral wool 31                200mm 
Steel bar 0.7-50mm           1mm 
Exp.Plastic 21                    0.02mm 
Concrete Normal RH         200mm 

536mm 0.095 

 

Ground floor  Wood Pine                        15mm 
PUR-foam                         200mm 
Exp.Plastic 21                    0.02mm 
Expanded polystyrene       50mm 
Drained gravel                   20mm 
Concrete Normal RH         200mm 

485mm 0.111 

 
Window  3-Glass EnergyAr with U-value 0.7 W/m2K 
Door  Normal wood door with U-value 1.0 W/m2K 
 

5.1.2 Ventilation system  
After improving insulation and tightness of the building envelope, the building is much tighter than before and 
heat losses through the building envelope is reduced. To ensure a healthy indoor climate, ventilation system 
should be improved for this sealed building. The original ventilation system was an air extraction system. Fresh 
air enters the building by opening windows, air leakage or infiltration through vents and gaps of the building 
envelope. But air leakage is not able to satisfy the indoor air demand after the building envelope has been 
improved. Besides, there was no heat exchanger in the original ventilation system because there was no supply 
air. However, after the heat losses through the building envelope reduced, the amount of heat losses through the 
ventilation system take more proportion in the total heat losses apparently. For those reasons, a new ventilation 
system with highly energy efficient heat exchanger should be installed in Täljstensvägen 7A-C. One of the most 
typical supply and extract air ventilation systems with heat exchanger in Sweden is the so called FTX system. 
The system extracts warm polluted indoor air from rooms like kitchens and bathrooms and exchange the heat to 
supply air which is extracted from outdoor. The cold, fresh supply air is heated in the heat exchanger and goes to 
bedrooms or living rooms. Generally, the heat exchanger is installed in the attic to reduce the noise effect on 
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tenants. With a heat exchanger, the energy consumption could be decreased by 50% compared to the same 
building without a heat exchanger (Pascual,  2010). The new ventilation system is shown in Figure 5.1.  
 

 
Figure 5.1the new ventilation system: Mechanical ventilation with heat recovery  (EnviroVent Ltd, 2013) 
 
In this case, a new supply and air extraction ventilation system with heat exchanger, which has a recovery 
efficiency about 80%, was installed during the simulation process.  Generally, the minimum acceptable level of 
ventilation rate in residential buildings should be 0.35l/s·m2  based on the Swedish building code (Elmroth & 
Abel, 2007).Therefore, the value used as a reference of ventilation rate in the simulation process. To reach a 
better indoor climate, the ventilation rate for normal time was set to 0.4 l/s·m2.  Assuming the average cooking 
time for tenants who are living in the target building is three hours per day, the ventilation rate for the cooking 
time could be increased to 0.45l/s·m2. The total ventilation amount of the target building should be the 
ventilation rate multiplied by the area of the building. A ventilation rate table for the new FTX ventilation system 
is given in table 5.3. 
 
Table 5.3 Ventilation rate of the new FTX ventilation system  
Time Supply air l/s Exhaust air l/s  
6:00-16:00 0.4 l/s·m2 *2637 m2 = 1055 l/s 1055 l/s 
16:00-19:00 (cooking time) 0.45l/s·m2 *2637 m2 =1187 l/s                                              1187 l/s    
19:00-24:00 1055 l/s 1055 l/s 
24:00-6:00 1055 l/s 1055 l/s 
  
The ventilation system keeps working all day long, but it could be set the ventilation fan for different air flow 
levels which is possible to control by the tenants themselves. When the tenants leave their apartments, they 
should be able to choose a lower air flow rate in order to save energy. In addition, there should be an automatic 
by-pass funtion of the ventilation system to let the supply air enter the apartment without going through the heat 
exchanger to aviode over heating in the summer season (Janson, 2010). Those techniques are already 
successfully used in previous passive house cases accoding to the book, Passive house in Sweden (Janson,2010). 
But they could not to be presented by the VIP-Energy simulation software and it is hard to measure, therefore the 
benefit from the different air flow levels and by-pass function would not be shown in the result chapter. The 
detail simulative ventilation setting using in the VIP-Energy was attached in the Appendix 2. 
 

5.2 Reduce electricity consumption  

Because of the uncontrollability of electricity applicants and VIP-Energy software did not include the electricity 
consumption calculation function, this improvement step have not been shown in the result part in this paper but 
only been described in words here.  In order to reduce annual electricity consumption of the target building, 
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energy efficient fans, heat pumps, household appliances and lighting systems should be equipped in the building. 
Nonetheless, this step is uncontrollable to a certain extent. It is possible for Uppsalahem to install energy 
efficient appliances like fans, heat pumps and lighting system in the common areas. For the household 
appliances or lights in apartments, tenants have the right to decide if they want to use energy efficient appliances 
or not. However, to visualize the electricity consumption and to explain the concept of passive house and 
sustainable development for the tenants could be helpful. An example that is given shows how energy efficient 
lights can reduce the annual energy consumption. Table 5.4 below has compared energy efficiency and energy 
costs of LED Lights (Light Emitting Diodes), Incandescent light bulbs and CFLs (Compact Fluorescents)  
(Design Recycle Inc. , 2010). 
 
Table 5.4 Comparison of different types of bulbs (Design Recycle Inc. , 2010) 
Energy Efficiency& Energy Costs Light Emitting Diodes 

(LEDs) 
Incandescent 
Light Bulbs 

Compact 
Fluorescents (CFLs) 

Life Time 50,000 hours 1,200 hours 8,000 hours 
Watts of electricity used 
(equivalent to 60 watt bulb) 

6-8 watts 60 watts 13-15 watts 

Kilo-watts of Electricity used  
(equivalent to 30 Incandescent 
Bulbs per year) 

329kWh/year 3285 kWh/year 767 kWh/year 

Annual Operating Cost SEK221/year SEK2198/year SEK515/year 
 
As it is shown in Table 5.4, to change lighting bulbs to LEDs can save a significant amount of energy. Although 
the initial investment of LEDs could be higher than the other two types, it can be covered by the low operating 
cost and future electricity bill. According to this example, a great potential of reducing electricity consumption 
by this step in renovation process is demonstrate here. Research shows that this step could reduce domestic 
electricity consumption by approximate by 50% compared to the average housing stock (Austrian Federal 
Ministry of Transport, Innovation, and Technology, 2001).  
 

5.3 Utilize solar energy 

Utilizing solar energy to heat up the building is one of the important methods of building a passive house. In 
addition to using solar collectors for domestic hot water and space heating, high energy efficient windows were 
installed to gain extra solar energy in the south facing wall. It is very important to arrange the orientation of the 
building and the windows. However, the target building for this project was chosen, and it is a west-east side 
building. The solar energy utilization was limited in the case because of the restriction of the building orientation 
and structure.  
 
Solar energy could be utilized mainly during April to September. Moreover, the space heating may not be 
needed during this period because of the temperature. Therefore, major of the solar energy gain from the solar 
collectors are using in the hot water supply. For this reason, the size of the solar collectors depend on the hot 
water demand of the building. The hot water consumption from 2010 to 2012, provided by Uppsalahem, which 
is attached in Appendix 3, the hot water demand for Täljstensvägen 7A-C could be calculated. An average value 
of hot water demand of Täljstensvägen 7A-C is 3878m3 per year. Since Täljstensvägen 7A-C accounting for 
36.15% (only for the period from 2010 to 2012 provided by Uppsalahem) of it, the hot water consumption is 
1401.9 m3 per year. The calculation of the energy required to heat up the hot water is shown below: 
W=m△TC  
W= (1401897kg·(55ºC-20ºC)·4.2·103 J/kg ·C) / (8760·3600s)= 6534.72 W 
The energy need for hot water per year is, 
6534.72W ·8760h= 57288 kWh per year 
This Assumes that the hot water consumption is constant and the solar collectors could maximum cover half year 
of the hot water consumption. The hot water consumed 4774 kWh per month which is 28644 kWh per half year.  
The optimal size of solar collectors was tested based on the information which is calculated above in the VIP-
Energy.  
 
In order to find out a suitable size of solar collectors, the storage tank volume was set to a very large value 
100m³ for this case. Under this condition, the area of solar collectors from 50 m² to 200 m² was tested to get a 
graph Figure 5.2 to see how the solar energy various depend on the different solar collectors area. In the Table 
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5.5, the hot water consumption for half year will be the closest to 28644kWh when the area of solar collectors is 
110m2 
 

 
Figure 5.2 Solar energy variation depend on solar collectors area when the storage tank volume is 100m³ 
 
Table 5.5 Solar collectors testing results in VIP-Energy 
Solar collectors area(m2) Energy gain from solar collectors(MWh) 

100 26.779 

110 28.257 

120 29.564 
 
. 
  
 
 
The energy needed for hot water is 4774 kWh per month, the value between April to September from the Table 
5.6 is approximate close to it. In this way, the solar collectors would not be oversized to collect more solar 
energy than it needed in the summer period.  
 
Table 5.6 Solar energy gain from solar collectors when area of the solar collectors is 110m2. 
Month Solar energy gain 

from solar 
collectors kWh 

1 5 
2 335 
3 1715 
4 3399 
5 4385 
6 4692 
7 4851 
8 4852 
9 3384 
10 619 
11 20 
12 0 
 
After making sure the area of solar collectors, the solar energy variation depend on storage tank volume could be 
tested as well. Figure 5.3 shows the relationship between the energy gain from solar collectors and the storage 
tank volume. Figure 5.3 is produced when the total area of solar collectors is 110m². The curve bacome smooth 
after 25m3. For this reason, the storage tank volume is chosen to be 25m3 in this simulation process.  
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Figure 5.3 Solar energy variation depend on storage tank volume when the total area of solar collectors is 110m². 
 
Based on the calculation results, 110 m2 solar collectors are installed in the west side roof. The solar collectors 
are one of the components of a solar heating system which can supply heat to both heating system and hot water 
system. That is a so called combi-system (Lundh & Wackelgard, 2009). The coefficients, working temperatures 
for the solar collectors is referring to the book, Domestic Heating with Solar Thermal (Lundh & Wackelgard, 
2009). The optimal inclination angle for this situation was set to 60 degree by testing the software with different 
degrees. The details of the input data are presented in the Table 5.7.  
 
Table 5.7 Detail data of solar collector simulation in VIP-Energy software 
Solar collector area 110m2 

Absorptions coefficient* 0.69 
Loss coefficient 1* 3.1W/m2K 
Loss coefficient 2* 0.0078 W/m2K2 

Angle to south 90 Degrees 
Inclination 60 Degrees 
Horizon angle 0 Degrees 
Accumulator volume 25 m3 

Lowest working temperature* 55ºC 
Highest working temperature* 95ºC 
Heat loss from accumulator* 3 W/K 
El.power cirk.pump* 0.3% of Solar power 
*Those input data are refer to Domestic Heating with Solar Thermal (Lundh 2009). 
 

5.4 Display and control energy consumption  

To establish a reasonable and efficient control system for the energy consumption is also a feasible approach to 
save energy. For the ventilation system as mentioned above, setting different levels of airflow rate for various 
demands could be helpful to reduce unnecessary energy consumption in the building.  Further on, the stand-by 
function of household equipments such as TV-sets, digital receivers, satellites receivers waste energy. However, 
it could be ignored because of the wasted amount of energy from this sort of way is invisible to the tenants. Yet, 
the energy wasting of this function is still significant after accumulate for so many households by year after year. 
Therefore, to let the tenants be aware of it and be able to solve this problem should be treated serious for 
reducing energy use. In this case, installing a control panel (with digital display or not) could turn off all the 
switch expect for refrigerator in each apartment could be a possible suggestion.  
Display the energy use to tenants and let them participate in the energy saving activities is important for 
sustainable development.  
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5.5 Select energy source 

After the other steps were done, the passive house should function well. The remaining energy demand is 
relatively small now. For a purpose of being more sustainable, the choice of suitable energy sources and 
distribution systems according to the building energy demand should be taken into consideration. Because of the 
time limitation and the huge amount of work, this steps is not included in this simulation process of this paper. 
As a consequence, it will not be shown in the simulation result chapter but only been mentioned here as an 
example and suggestions to future study.  
 
Renewable energy sources are recommendable options for the energy supply of a passive house in a sustainable 
purpose. Solar energy was utilized as step three to cover the energy consumption in the target building by 
installing solar collectors for domestic hot water and space heating usage. As the heating demand of the target 
building decreased after the renovation processes, electricity consumption is in the dominant place of the total 
energy consumption now. Therefore, to choose an electricity supplier that is generating electricity through 
renewable energy like wind power will make the passive house more environmental friendly. Further on, the 
traditional electricity grid has served for over hundred years and it is changing to a new era for new electricity 
grid system which is called smart grid in a recent future. Smart grid could easily combine conventional and 
renewable power resources and provides a flexible ways to consumers (Makrygiannis & Christakopoulos, 2012). 
Moreover, not like the traditional one way directional power flow, smart grid provides a multi-directional power 
flow that let consumers act as electricity producers in the new network (Makrygiannis & Christakopoulos, 2012). 
 
To sum up, join to smart grid in the future could cover the electricity consumption in a more sustainable way. 
Consumers could get access to use renewable energies for generating electricity to cover the electricity 
consumption in the buildings. On the other hand, the surplus electricity generated through the PV (photovoltaic) 
cells of the buildings could deliver to the smart grid as well.  
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6. Results 

6.1 Energy consumption before renovation 

After the improvements were finished, the final energy consumption is shown in VIP-Energy by tables or graphs. 
The simulation results for the energy balance before and after each renovation step of the target building are 
shown in this chapter.  It visualizes the energy saving to the reader from the energy balance graphs.  
It is worth noting that those figures in this chapter look very similar because the figures were generate based on 
the data with different scale. Yet, the total amount of the histograms and pie charts varies in different stages. 
Therefore, the total energy consumption highlighted by the red line or words should be noticed to understand 
how much energy was saved by the renovation processes. The first graph Figure 6.1 is the energy balance 
simulation result of the current status of the target building before any improvements were made.  
 

 
Figure 6.1 Energy balance before renovation (kWh).  
 
The Figure 6.1 shows the annual energy consumption per week and indicates the different sectors that the energy 
has been consumed and also the different ways for energy supply. From the results, the total energy consumed in 
the target building before renovation is 516 MWh per year  (equal to 196 kWh/m2 per year), which is around 43 
MWh per month (16 kWh/m2 per month). 
 

 
Figure 6.2 Indoor temperature before the renovation process 
 
The indoor temprature of the target building before the renovation process is shown in Figure 6.2. During the 
summer period, the highest indoor temperature range could be around 26ºC -29ºC. The Figure 6.1 presents that 
the passive cooling area is relatively small and could be almost ignored.  
 
The pie charts show each term from both energy supplied and energy emitted side. From the Figure 6.3, it shows 
that major energy supplied in the building is by district heating and domestic hot water which are accounting up 
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to 60% of the total energy supply.  Only 13% of energy is gained from the solar energy before the renovation 
process. On the other hand, the major energy loss is through the transmission losses which is accounting for 46%.  
Moreover, 41% of energy is lost through the original ventilation system. Detail data shown in Appendix 4, Table 
1. 

  
Figure 6.3 Energy supplied for the current status of the target building 
 

 
Figure 6.4 Energy emitted for the current status of the target building 
 
The Table 6.1 shows the annual value for each term of the energy balance. The actual value of the each term in 
those pie charts above is presented in order to get a better understand of the energy consumption situation.  
 

6.2 Energy consumption after building envelope renovation 

After the building envelope has been improved by better insulation through the simulation process, which is 
mentioned in the simulation chapter, the result is shown in Figure 6.5. 
 

 
Figure 6.5 Energy balance after building envelope renovation (kWh). 
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As it is shown in the Figure 6.5, the total energy consumption has been decreased to 374.3 MWh which means 
142 kWh/m2 per year. The heat losses from the ventilation system remain the same. The heat losses through the 
transmission section decreased, the average value is much lower than before and this is the biggest change in the 
insulation step. Correspondingly, the heat supply decreased from 309MWh to 167 MWh as well.  
 
The pie charts after the building envelope renovation are presented below Figure 6.6 and Figure 6.7.  From the 
Figure 6.6 , the supplied heat is still in the dominated place. In Figure 6.7, the energy supply types did not 
change so far. Detail data shown in Appendix 4, Table 2. 
 

 
Figure 6.6 Energy supplied after building envelope renovation in the target building 
 

 
Figure 6.7 Energy emitted after building envelope renovation in the target building 
 
After the heat reducation steps mentioned in the simulation chapter, the heat losses through transmission are 
reduced. The proportion of this section is not the biggest part of the total energy consumption. Instead,  heat 
losses through the ventilation system have become the major issue. As a consequence, the next step is reducing 
heat losses through ventilation system by adding heat exchanger to recover heat losses and improve the 
efficiency of the ventilation system.  
 

6.3 Engery consumption after change to a new ventilation system 

A high effient FTX ventilation was used to replace the original ventilation system. The result of this 
improvement is presented in Figure 6.8 and Figure 6.9 below. This renovation improvement is based on the 
previous step, and the results show a gratifying decrease of the total annual energy consumption. The annual 
energy consumption decreases to 371.1MWh per year (140.7 kWh /m2 per year)  which means 30.9 MWh per 
month (11.7 kWh /m2 per year).  
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Figure 6.8 Energy balance after change to FTX ventilation system (kWh). 
 
The supplied heat account for 17% of the decreased total annual energy consumption in the Figure 6.9. Almost 
half of the supply heat demand is covered by the heat recovery system of ventilation. There is a large amount of 
energy around 81.3 MWh energy per year be recoveried by ventilation recovery system compared to the 
previous one in figure 6.3. The supply heat demand has been reduced from 167 MWh to 67 MWh per year. 
Detail data shown in Appendix 4, Table 3. 
 

 
Figure 6.9 Energy supplied after installing a new FTX ventilation system.  
 
Comparing figure 6.10 to the previous Figure 6.7, there is a new section named infiltration. This section actually 
existed in the previous steps. But there is no special supply air tube for the previous ventilation system and the 
fresh air enters the room by open windows, air leakage or infiltration through vents and gaps of the building 
envelope. As a consequance, the VIP-Energy simulation software automatically consider the infiltration as a part 
of the ventilation. Therefore, there is not spefic part for infiltration in the figure 6.7. However, in the figure 6.10, 
a FTX ventilation system has been installed. The ventilation system has mechanical control for both supply air 
and exhaust air, and the infiltration is separated from the mechanical ventilation system as a natual ventilation 
for the building.   
 

 
Figure 6.10 Energy emitted after installing a new FTX ventilation system.  
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6.4 Energy consumption after solar collectors have been installed  

The Figure 6.11 shows the energy balance after solar collectors have been installed on the roof. Although the 
total energy consumption of the building did not decrease compared to the last step of the ventilation system 
improvement, the supply energy model has changed to be more sustainable.  Comparing the supplied energy part 
of Figure 6.8 with Figure 6.11,  the supplied heat from April to September has been covered by solar energy or 
heat recovery system.  
 

 
Figure 6.11 Energy balance after solar collectors have been installed. 
 

 
Figure6.12 Indoor temperature after the renovation process 
 
The indoor temperature of the target building after the renovation process is shown in this Figure 6.12. During 
the summer period, the highest indoor temperature range increased to 33ºC-37ºC after renovation. As a 
consequence, the passive cooling area from the Figure 6.11 is increased compare to the Figure 6.1 before.  
 
In the Figure 6.13, the energy consumption remains the same with Figure 6.9. But the part of the supplied heat 
was replaced by heat recovery of the hot water system and solar collectors and only remains 40 MWh per year. 
The solar collectors provide nearly 26.8 MWh solar energy per year. Totally 268.5 MWh per year of energy use 
for supply heat was saved compared to the supply heat demand before renovation.Therefore, less district heating 
is supplied in the building after the solar collectors were installed. The energy emitted after solar collectors have 
been installed in figure 6.14 remain the same in figure 6.10. Detail data shown in Appendix 4, Table 4. 
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Figure6.13 Energy supplied after solar collectors have installed.  
 

 
Figure6.14 Energy emitted after solar collectors have installed.  
 
To be able to know the impact of different renovation methods, an summary is given below for each stage. From 
the emitted energy side, the most obvious changing happened when the building envelope has been improved. 
The transmission part from figure 6.15 reduced from the first column to the second one. The heat losses through 
the transmission is decreased from  207.9 MWh per year to 68.8 MWh per year. Around 67% transmission losses 
have been saved by insulating the building envelope. Here, 141.8 MWh total energy has been reduced per year 
by this step. More detail data shown in Appendix 5, Table 1. 
 From the sensietivity analysis, it clearly shows that the building envelope renovation is the most efficient 
measure to cut the energy consumption in the target building. After a new FTX ventilation system was installed 
based on the previous renovation step, the total energy consumption also decreased 145MWh per year. Solar 
collector installation did not change the energy demand of the target building from the emitted energy side to see. 
Although the last three columns did not show much difference of the total energy consumption from figure 6.15, 
it is worth to remember that the consumption amount presents in the same, but the energy supplied for it have 
been substitute for free energy like solar energy and heat recovery.  
 

 
Figure 6.15Emitted energy of different stages 
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Figure 6.16 shows energy saved by reducing the heat supply through diversified sustainable energy supply 
methods. The heat supply dramatically decreased from 308.5MWh per year to 167.1MWh per year after 
improving building envelope as analysed before. Although the total energy consumption only decreased for a 
small amount after the new FTX ventilation system has installed, 60% of heat supply has been covered by the 
heat recovery system of the new FTX ventilation system.  For the last step, the solar collectors have covered 
26.8MWh heat supply per year as mentioned in the result chapter. The target building does not need district 
heating from April to September. It is worth to mention that the part of supplied energy which is highlighted by 
the red arrows is the energy demand which need to be purchased. The purchased energy requirement has been 
423.1MWh per year before the renovation, and decrease to 170.4 MWh per year after the renovation. Figure 6.15 
shows that a large amount of purchased energy is saved by those improvements. More detail data shown in 
Appendix 5, Table 2. 
 
 

 
Figure 6.16 Supplied energy of different stages 
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7. Discussion 
In this chapter, the final simulation results were compared to the Passive House standard to see if it fulfilled the 
criterions.  
The simulation results before and after the renovation were compared with the Swedish building regulation and 
Passive Houses regulation below show the renovation outcome. Those criteria that not measured in this paper are 
not taken into consideration, for instance, sound insulation and air tightness. The comparison of the results is 
shown in Table 7.1 below. 
  
Table 7.1 Passive House criteria regards to the building before and after renovation (Zalejska-Jonsson, 2011) 
 Passive House 

Criteria 
Original building 
parameters  

Renovated building 
parameters 

Space heating 
energy requirement 

≤ 15 kWh/m2 per 
year 

95.3kWh/m2 per 
year 

3.6 kWh/m2 per 
year 

Specific power load ≤ 10 W/ m2 19.4 W/m2 3.0 W/m2 
Purchased energy 
requirement 

≤ 50 kWh/ m²* 160.4 kWh/m2 64.6 kWh/m2 

Ventilation, with 
heat recovery 
efficiency 

≥75% Without heat 
recovery 

80% 

*(Bostäder, 2012) 
 
The three figures below visualized the results to the reader. The red line indicates the Passive House standard. It 
clearly shows that much energy has been saved and if the results fulfilled the Passive House standard or not.  
 

 
 
Figure 7.1 Space heating energy requirement compare with Passive House standard for both original building and renovated 
building.  
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Figure 7.2 Specific heat load compare with Passive House standard for both original building and renovated building. 
 

 
Figure 7.3 Total primary energy requirement compare with Passive House standard for both original building and renovated 
building. 
 
As the two indoor temperature pictures figure 6.2 and figure 6.12 showed, the overheating problem increased 
during the summer period after renovation. This is due to the good insulation and tightness of the building 
envelope and the triply glasses window which increased the solar energy entering the room during the summer. 
Because of the climate of Sweden, the overheating problem only exist for a short period of a year and it could be 
easily solved by passive cooling which means open the windows and install shadings or curtains in summer. 
Therefore, a mechanical cooling system is unnecessary for the target building to keep a desirable indoor 
temperature. 
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8. Conclusion 
After improving the building envelope insulation, changing a new FTX ventilation system with high efficient 
heat recovery and installing solar collectors, the target building shows that a significant amount of energy has 
been saved through the renovation. As discussed above, to improve the building envelope is the most essential 
method to reduce energy consumption due to heat losses. Changing to a new FTX ventilation system and 
installing solar collectors switch part of the purchased energy to free energy like solar energy and heat recovered 
from heat recovery system. The heating consumption has been decreased by them. As a consequence, the final 
results have been compared with the Passive House criteria. The specific power load and space heating energy 
requirement have been fulfilled with the Passive House criteria after renovation.  The energy consumption was 
much higher than the Passive House standard before the renovation.  Although the purchased energy requirement 
did not totally fulfil the Passive House standard, it still improved a lot compared to the original building before 
the renovation and it is close to the standard. Because of the limitation, the results could not exactly represent the 
actual renovation process. However, the paper does show simulation results for a demonstration example and it 
also show positive results for those improvements. It is possible to renovate an existing old building to the 
Passive House standard and it can save energy with those renovation methods. It will be much easier to build a 
new passive house. Not all the existing buildings can be completely renovated according to the Passive House 
standard. However, it is possible to approach the standard. If economy reasons are taken into consideration, the 
client might not choose to renovate it exactly as passive house but as a lower energy building compared to the 
original one.  Therefore, analysis from economic, social and environmental aspects are also vitally important to a 
real renovation process for further study. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

28 
 

9. Acknowledgement 
I really appreciate for the opportunity to study in Uppsala University in Sweden. I have met a lot of amazing 
people in here. I wish to thank my supervisor Professor Arne Roos, from Uppsala University, for his kindness 
help and guidance. Thank you for him to support me for this topic that I am very interested and help me to 
contact with the housing company Uppsalahem to provide me a case to study on.  Here, I also want to thank you 
for Tomas Nordqvist, who works for Uppsalahem AB as an energy coordinator.  He provided me this specific 
case Täljstensvägen 7A-C and all the detail information about this target building like blueprints, heating 
consumption, electricity consumption etc.  Mr.Nordqvist also gives useful suggestions from his professional 
experiences which are very helpful regarding to my thesis.  Many thanks to Ewa Wäckelgård also, she helped me 
with the solar collector part with her professional advises and my evaluator Joakim Widén who read my thesis 
and give valuable advises.  
I would like to thank everyone who helped me for the thesis project. The staff from Uppsalahem who arrange 
study visiting for Täljstensvägen 7A-C, and helped me to arrange my measurements in the building. Special 
thanks for the tenants who are living in the Täljstensvägen 7A-C to let me enter their apartments to measure the 
indoor temperature.  
Now, this thesis was finished. My master study in Uppsala University is finished as well.  For all those years of 
living in Sweden, I have fall in love with this wonderful country.  And I really appreciate for all the people I 
have met and all the fantastic things that happened in my life. Those are precious memories forever.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

29 
 

10. Reference 
Molin, A., Rohdin, P. & Moshfegh, B., 2011. Investigation of energy performance of newly 
built low-energy buildings in Sweden. Energy and Buildings, Issue Division of Energy 
Systems, Department of Management and Engineering, Linköping University, Sweden, 
pp.2822. 

Abel, E. & Elmroth, A., 2007.  Buildings and Energy-a systematic approach. Formas, pp.2. 

Abel, E. & Elmroth, A., 2007. 10.Energy efficiency.  Buildings and Energy-a systematic 
approach. formas, pp.203. 

Abel, E. & Elmroth, A., 2007. The energy balance in residential buildings. ISBN:978-91-540-
5997-3,  Buildings and Energy-a systematic approach. Printing and repro: Alfaprint, pp.123. 

Austrian Federal Ministry of Transport, Innovation, and Technology, 2001. CEPHEUS COST 
EFFICIENT PASSIVE HOUSES AS EUROPEAN STANDARDS.  Projektfabrik, Vienna, 
Austria.: Department of Energy and Environment Technologies, pp.5. 

Boqvist, A., 2010.  R. TVBK-1040,  Passive House Construction-Symbiosis between 
Construction Efficiency& Energy Efficiency. Lund: Lund University Division of Structural 
Engineering, pp.11. 

Bostäder, 2012. Kravspecifikation för nollenergihus,passivhus och minienergihus. Sverigesv 
centrum för nollenergihu,  LTH rapport EBD-R-12/36, pp.5. 

Design Recycle Inc. , 2010. Changing Environment One LED Bulb At A Time.  
Available at: http://www.designrecycleinc.com/led%20comp%20chart.html 
[20 03 2013]. 

Elmroth, A. & Abel , E., 2007. Ventilation.  Formas,  Buildings and Energy- a systematic 
approach. Alfaprint, pp.186. 

EnviroVent Ltd, 2013. A Guide to Ventilation for Self Builders.  
Available at: http://www.homeventilation.co.uk/self-builders-home-improvers-guide.php 
[30 05 2013]. 

Ermers, F., Faasen, C. & Rooth, R., 2008. Ultra Low Energy Houses. Leonardo erengy, 
December, pp.3. 

European Commission, 2012. The EU climate and energy package-policies- Climate Action.  
Available at: http://ec.europa.eu/clima/policies/package/index_en.htm 
[17 01 2013]. 

European Commission, 2013. Energy efficiency.  
Available at: http://ec.europa.eu/energy/energy2020/efficiency/index_en.htm 
[04 03 2013]. 

European parliament, 2010 a. Tackling climate change.  
Available at: 
http://europa.eu/legislation_summaries/environment/tackling_climate_change/index_en.htm 
[07 01 2013]. 

European Union, 2012. EU energy in figures-statisitcal pocketbook 2012. European 
Commission, Part 2. Energy in the EU(ISSN 1977-4559), pp.72. 



 

30 
 

Feist, W., Schnieders, J., Dorer, V. & Haas, A., 2005. Re-inventing air heating: Convenient 
and comfortable within the frame of the Passive House concept. Science Direct,  Energy and 
Buildings, pp. 1186. 

Forum for Energieffektiva Byggnader, FEBY, 2009a. FEBY Kravspecification för passivhus., 
Sweden 

Georg W. Zielke, 2009. Passive Houses in Germany Conceptions, Design, best practice. 
Darmstadt, Germany: Net-Zero-Energy Installation & Deployed Bases Workshop – 
Colorado Springs, Co. USA, pp.3. 

Janson, U., 2010. 2.Passive houses. R. N. EBD-T--10/12, Paccive houses in Sweden. Lund 
University: Division of Energy and Building Design Lund University, pp. P38-39. 

Janson, U., 2010. Energy use in buildings. Passive house in Sweden- From design to 
evaluation of four demonstration projects. Report EBD-T--10/12 Department of Architecture 
and Built Environment: Lund University Faculty of engineering LTH, pp.19. 

Janson, U., 2010. Passive house design principle. P. b. E. Tryckeri, Passive houses in Sweden. 
Lund: Lund University, Lund Institute of Technology, pp.49. 

Janson, U., 2010. Passive house design principle. P. b. E. Tryckeri,  Passive house in Sweden 
From design to evaluation of four demonstration projects. Lund: Lund University, Lund 
Institute of Technology, pp.48. 

Janson, U., 2010. Passive houses in Sweden-From design to evaluation of four. R. EBD-T--
10/12, Lund: Division of Energy and Building Design,Department of Architecture and Built 
Environment,Lund University,Faculty of Engineering LTH,Printed by E-husets Tryckeri,, 
pp.57. 

Lundh, M. & Wackelgard, E., 2009. Evaluation of the solar heating model in a building 
simulation tool. Domestic Heating with Solar Thermal. Uppsala: Department of Engineering 
Sciences, Uppsala University, pp.22. 

Lundh, M. & Wackelgard, E., 2009. Evaluation of the solar heating model in a building 
simulation tool. Domestic Heating with Solar Thermal. Uppsala: Department of Engineering 
Sciences, Uppsala University, pp.4. 

Makrygiannis, G. & Christakopoulos, A., 2012. Consumer Attitudes towards the Benefits 
provided by Smart Grid – a Case Study of Smart Grid in Sweden. Västerås: HST – School 
of Sustainable Development of Society and Technology, pp. 1. 

Pascual, A. F., 2010. SIMULATION OF FtX VENTILATION TECHNIQUE IN A 
TYPICAL SWEDISH HOUSE.  University of Gävle: DEPARTMENT OF TECHNOLOGY 
AND BUILT ENVIRONMENT, pp.1. 

R.F. Ruers & N. Schouten,  2006. The tragedy of asbestos-Eternit and the consequences of a 
hundred years of asbestos cement. translated into English by Steven P. 
McGiffen(Socialistische Partij (Netherlands)), pp.3. 

Russell, M., Sherman, M. & Rudd, A., 2005. Review of Residential Ventilation Technologies. 
ERNEST ORLANDO LAWRENCE BERKELEY NATIONAL LABORATORY,  LBNL 57730, 
pp.6. 



 

31 
 

StruSoft, 2002-2011 . Structural Design Software.  
Available at: http://www.strusoft.com/index.php/en/this-is-vip-energy 
[18 02 2013]. 

Strusoft-Structural Design Software in Europe AB, 2002-2011. Structural Design Software 
VIP-Energy.  
Available at: http://www.strusoft.com/index.php/en/modulesvip 
[12 03 2013]. 

United Nations, 1987. "Report of the World Commission on Environment and 
Development."Our common future. Oxford: Oxford University Press p. 43.. 

Uppsalahem, 2013. Underlag för bedömning av klimatskärmens värmeisolerings-förmåga.  
statens planverk repport 51. Uppsala: Provided by Tomas Nordqvist,Energisamordnare in 
Uppsalahem, pp.124. 

Wall, M., 2005. Energy-efficient terrace houses in Sweden Simulations and measurements. 
Science Direct-Energy and Buildings, Division of Energy and Building Design, Dept. of 
Architecture and Built Environment, Lund University,P.O. Box 118, SE-221 00 Lund, 
Sweden(Elsevier B.V.), pp.627. 

Wanhua Industrial Group Co., Ltd., 2008. How is a Passive House constructed? 
Available at: http://www.borsodchem-pu.com/Learn-about-PU/Passive-
hauses/Construction.aspx# 
[30 05 2013]. 

Zalejska-Jonsson, A., 2011. Low-energy residential buildings Evaluation from investor and 
tenant perspectives.  S. Printed by E-Print,  Licentiate Thesis. Stockholm: Royal Institute of 
Technology,Department of Real Estate and Construction Management,Building & Real Estate 
Economics, pp.15-17. 

 
 



 

32 
 

11. Appendix  

Appendix.1 Detail blueprints of the target building  

 
Figure1 Outlook of the building 
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Figure2 Basement plan (right part). 
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Figure3 Basement plan (left part). 
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Figure4 Floor plan (right part)  
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Figure5 Floor plan (left part) 
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Appendix.2 Detail ventilation setting in VIP-Energy 

 
Figure.1 The ventilation setting of the origianl building 
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The ventilation setting of the origianl building was calculated from the ventilation information provided by 
Uppsalahem below:  
 
Table.1 Ventilation information of Täljstensvägen 7A-C      
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Figure.2 Simulative ventilation setting of the renovated building. 
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Appendix 3. Hot water consumption of Täljstensvagen 7 

Table.1 Hot water consumption of Taljstensvagen 7 and three other buildings 

Period 
Year 
2012 Year  2011 Year  2010 
m³ m³ m³ 

Jan 353.8 303.1 328.2 
Feb 315.3 289.4 307.3 
Mar 340.2 354.4 342 
Apr 331.4 323.1 328.8 
Maj 312.7 305.2 1159.6 
Jun 286.3 250.2 77.3 
Jul 290 250 233.7 
Aug 276.1 277.9 217.7 
Sep 266 294.1 276.5 
Okt 362 339.8 291.3 
Nov 345.2 342 283.6 
Dec 337.2 346.6 296.2 
Total: 3816.1 3675.8 4142.2 
* Hot water consumption s for 4 buildings. Täljstensvägen 7A-C accounts for 36.15% of the water consumption. 
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Appendix 4. Detail data of energy consumption 

Table.1 Energy balance table of original building 
 MWh kWh/m2 
Energy balance-emitted 
Transmission 237.9 90.2 
Infiltration 0 0 
Ventilation 212.3 80.5 
Sweage 57.3 21.7 
Passive Cooling 8.6 3.3 
Total  516.0 196.0 

 
Energy balance-supplied 
Solar energy through window 68.1 25.8 
Energy recovery ventilation 0 0 
Energy recovery heat pump 0 0 
Heat recovery to hot water 0 0 
Recovery solar collector 0 0 
Process energy 113.2 42.9 
Person energy 24.7 9.4 
Supplied electricity 1.4 0.5 
Supplied heat 308.5 117.0 
Total 516.0 196.0 
 
 
 
Table.2 Energy balance table after the building envelope have been improved. 
 MWh kWh/m2 
Energy balance-emitted 
Transmission 68.8 26.1 
Infiltration 0 0 
Ventilation 219.0 83.0 
Sweage 57.3 21.7 
Passive Cooling 29.2 11.1 
Total  374.3 141.9 
 
Energy balance-supplied 
Solar energy through window 67.9 25.7 
Energy recovery ventilation 0 0 
Energy recovery heat pump 0 0 
Heat recovery to hot water 0 0 
Recovery solar collector 0 0 
Process energy 113.2 42.9 
Person energy 24.7 9.4 
Supplied electricity 1.4 0.5 
Supplied heat 167.1 63.4 
Total 374.3 141.9 
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Table.3 Energy balance table after the ventilation system has been improved 
 MWh kWh/m2 
Energy balance-emitted 
Transmission 69.7 26.4 
Infiltration 17.9 6.8 
Ventilation 189.9 72.0 
Sweage 57.3 21.7 
Passive Cooling 36.3 13.8 
Total  371.1 140.7 
 
Energy balance-supplied 
Solar energy through window 67.9 25.7 
Energy recovery ventilation 81.3 30.8 
Energy recovery heat pump 0 0 
Heat recovery to hot water 0 0 
Recovery solar collector 0 0 
Process energy 113.2 42.9 
Person energy 24.7 9.4 
Supplied electricity 17.2 6.5 
Supplied heat 66.8 25.4 
Total 371.1 140.7 
 
 
 
Table.4 Energy balance table after the solar collectors have been installed 
 MWh kWh/m2 
Energy balance-emitted 
Transmission 69.7 26.4 
Infiltration 17.9 6.8 
Ventilation 189.9 72.0 
Sweage 57.3 21.7 
Passive Cooling 36.3 13.8 
Total  371.1 140.7 
 
Energy balance-supplied 
Solar energy through window 67.9 25.7 
Energy recovery ventilation 81.3 30.8 
Energy recovery heat pump 0 0 
Heat recovery to hot water 0 0 
Recovery solar collector 26.8 10.2 
Process energy 113.2 42.9 
Person energy 24.7 9.4 
Supplied electricity 17.3 6.6 
Supplied heat 40.0 15.2 
Total 371.1 140.8 
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Appendix 5. Energy balance analysis of different stages 

 
 
Table.1 Emitted energy of different stages  

MWh per year 

Emitted 
Energy 
before 
renovation 

Emitted 
Energy after 
building 
envelope 
improvements 

Emitted 
Energy after 
ventilation 
system 
improvements 

Emitted Energy after 
installing solar 
collectors 

Transmission  207.9 68.8 69.7 69.7 
Infiltration 0.0 0.0 17.9 17.9 
Ventilation 212.3 219.0 189.9 189.9 
Hot Water 57.3 57.3 57.3 57.3 
Passive cooling 8.6 29.2 36.3 36.3 
Total 516.1 374.3 371.1 371.1 

 
 
 
 
 
Table.2 Supplied Energy of different stages 

MWh per year 

Supplied 
Energy 
before 
renovation 

Supplied 
Energy after 
building 
envelope 
improvements 

Supplied 
Energy after 
ventilation 
system 
improvements 

Supplied Energy after 
installing solar 
collectors 

Solar energy window 68.1 67.9 67.9 67.9 
Heat recovery ventilation 0 0 81.3 81.3 
Heat recovery heat pump 0 0 0 0 
Heat recovery sewer 0 0 0 0 
Solar collector 0 0 0 26.8 
Person heat 24.7 24.7 24.7 24.7 
Process energy 113.2 113.2 113.2 113.2 
Heat supply 308.5 167.1 66.8 40 
EL supply 1.4 1.4 17.2 17.2 
Total 515.9 374.3 371.1 371.1 
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