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Summary 
This thesis is a part of the project “Energy Efficient demo multi residential high-rise buildings” (EE-
HIGHRISE) within the 7 Framework Program by the European Union which has started to contribute 
to the EU energy and climate change policy. A demonstration house called ECO Silver House is 
currently under construction in Ljubljana in Slovenia and is planned to reach the European passive 
house standard.  

The main aim of this thesis is to investigate the model of Eco Silver House in different climates to see 
where in Europe ECO Silver House can reach passive house standard. In order to do that national 
regulations and recommendations needs to be taken in consideration.  

To perform the simulations two different simulating programs were used. Those were Passive House 
Planning Package (PHPP) and IDA Indoor Climate and Energy (IDA ICE).  In PHPP the model of ECO 
Silver House was tested for the climate of five cities around Europe. Those cities were Stockholm, 
London, Rome, Buzet and Vienna. In IDA ICE, ECO Silver House was simulated in Ljubljana and 
Stockholm because of the limitation of time. After the investigation of the energy demands in the 
different countries the study continued with evaluating the model.  

A literature review on attitude in different European countries towards high-rise buildings was also 
conducted and some other high-rise buildings around Europe were investigated.   

According to the PHPP analysis, ECO Silver House is fulfilling the European passive house 
requirements in London, Rome and Buzet. The passive house requirements is when the annual 
heating demand is below 15 kWh/(m2·year) or the heating load is below 10 W/m2 and the primary 
energy is under 120 kWh/(m2·year). In Ljubljana, Stockholm and Vienna the requirements are not 
met. It is possible to achieve the passive house standard in Vienna and Ljubljana through additional 
energy saving measures. However, in Sweden the building cannot achieve the passive house 
standard with energy saving measures such as a better heat exchanger and thicker insulation of the 
ambient walls.  

Also in IDA ICE ECO Silver House does not fulfill the passive house requirements in neither of the 
simulated countries. The results are very similar to the ones in PHPP with only the primary energy for 
Stockholm that differ noticeable.  

There are some other high-rise passive houses around Europe that proves that they are possible to 
build. Both in Sweden and Austria high-rise passive houses has been built in the recent years and an 
old conventional high-rise building has been renovated into passive house standard in Germany. 
When it comes to the acceptance towards high-rise buildings around Europe it shows that in the 
South and East part of Europe they have a more positive attitude towards it. In the North and West 
Europe they have a more skeptic view towards high-rise living. In central Europe they have for a long 
time had a negative attitude but today many high-rise projects in Switzerland and Germany are built 
which may change that attitude. 
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Sammanfattning 
Detta examensarbete är en del av 7:e ramprogrammet “Energy Efficient demo multi residential high-
rise buildings” (EE-HIGHRISE) som startades av Europeiska Unionen för att bidra till EU:s energi och 
klimatförändringspolicy. En demonstrationsbyggnad under namnes “ECO Silver House” håller idag på 
att byggas i Ljubljana i Slovenien och står snart färdigt. Det planeras uppnå den europeiska 
passivhusstandarden.  

Huvudsyftet med detta examensarbete är att undersöka modellen av ECO Silver House i olika klimat 
runtom i Europa för att se på vilka platser som huset uppfyller passivhusstandarden. För att göra det 
måste lokala lagar och rekommendationer tas hänsyn till för respektive land.  

För att utföra beräkningarna användes två olika simuleringsprogram. Dessa var ”Passivhus 
Projekterings Paket” (PHPP) och ”IDA Indoor Climate and Energy” (IDA ICE). I PHPP undersöktes 
modellen för ECO Silver House för placering i fem olika städer vilka var: Stockholm, London, Rom, 
Buzet och Wien. I Programmet IDA ICE simulerades modellen för klimaten i Ljubljana och Stockholm. 
Efter undersökningar av byggnadens energianvändning i de olika länderna fortsatte studien med att 
utveckla modellen genom att testa olika energieffektiviseringsåtgärder.  

Förutom beräkningar av energianvändningen undersöktes även hur acceptansen av höga byggnader 
ser ut runtom i Europa. Dessutom undersöktes andra liknande höghusprojekt i Europa. Detta gjordes 
som en litteraturstudie.  

Enligt PHPP uppfyller ECO Silver House den Europeiska passivhusstandarden när det placeras i 
London, Rom och Buzet. Passivhuskravet är att det årliga värmebehovet måste vara mindre än 15 
kWh/(m2·år) eller att värmeeffektbehovet måste vara under 10 W/m2. Dessutom måste 
primärenergin vara under 120 kWh/(m2·år). I Ljubljana, Stockholm och Wien uppfylldes inte kraven. 
Det är möjligt att uppnå kraven genom att införa energieffektiviseringåtgärder i Slovenien och 
Österrike men inte i Sverige på grund av olönsamhet och orealistiska isoleringstjocklekar.  

Även i detta program uppfylls inte den europeiska passivhusstandarden varken för Stockholm eller 
Ljubljana. Resultaten är väldigt lika de erhållna resultaten från PHPP, bara primärenergin för 
Stockholm skiljer sig nämnvärt.  

Det finns några höga passivhus runtom i Europa som bevisar att det är möjligt att bygga sådana. Både 
i Sverige och i Österrike finns det relativt nybyggda höga passivhus och i Tyskland har ett 
konventionellt höghus renoverats för att uppnå passivhusstandard. När det kommer till acceptans 
och attityd till att bo i höghus skiljer det sig lite runtom i Europa. I Syd- och Östeuropa finns en positiv 
inställning till höghus medan man har en mer skeptisk attityd i norra och västra Europa. I centrala 
Europa har inställningarna länge varit negativa men börjar nu sakta förändras på grund av en del 
planerade och en del redan uppbyggda lyckade höghusprojekt i Tyskland och Schweiz.  
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Definitions  
 

High-rise building 
A building with a height between 35 and 100 m. If the height of the building is unknown it is 
considered as a high-rise building if it has less than 40 floors. Similarly, if the building has more than 
twelve floors it is considered to be a high-rise building (1). 

 

Annual heating demand 
The energy per area and year needed to heat the building, [kWh/(m2·year)]. 

 

Heating load 
The power needed to heat the building, [W/m2].  

 

Annual cooling demand 
The energy per area and year needed to cool the building, [kWh/(m2·year)].  

 

Cooling load 
The power needed to cool the building, [W/m2].  

 

Frequency of overheating 

The percentage of time over a year when the indoor temperature is over 25 C, [%].  

 

Primary energy factor (PEF) 
The ratio between the primary energy use and amount of useful energy left at the end, 
[kWhprimary/kWhfinal].  

 

Primary energy (PE) 
The sum of the energy from space heating, auxiliary electricity, household electricity,  cooling and 
domestic hot water multiplied by each energy source primary energy factor respectively, 
[kWh/(m2·year)].  

 

Specific energy use 
The specific energy use includes space heating, domestic hot water and auxiliary electricity per 
square meter, [kWh/(m2·year)]. 

 

Weighed energy (WE) 
The weighed energy use includes space heating, domestic hot water household electricity and 
auxiliary electricity, [kWh/(m2·year)].  

 

Air tightness 
Air leakage of the building, [h-1].  
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PHPP 
Passive House Planning Package. An excel-based simulation program for certifying passive houses 
according to the European passive house standard.  

 

IDA ICE 
IDA Indoor Climate and Energy. A simulation program to determine the total energy use as well as 
the energy flows in the building.   

 

Basic case 
The title basic case means that the ECO Silver House is placed in another climate than Slovenia but no 
national regulations or requirements are taking in consider, only the climate data.   

 

DVUT 
Dimensioning outdoor temperature. The average outdoor temperature of the coldest day and night 

of the year, [C]. 

 

VFTDVUT  
Heat loss number. This is the sum of the transmission heat losses, the ventilation losses and 
infiltration, [W/m2].  

 

Swedish electricity use 
The values of the electricity use for calculations of passive houses in Sweden is 3000 kWh/apartment 
(2). It will be used as comparison for the approximated energy use in the other countries.  

 

Better heat exchanger 
A better heat exchanger than the original one used in ECO Silver House will be tested. The heat 
exchanger in this case has an efficiency of 93 % and a specific power input of 0.31 W·h/m³. 
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Nomenclature 
 

   Reference area [m2] 

   Area of each part of the building [m2] 

    Area of the thermal envelope [m2] 

   Area of the windows [m2] 

        Specific heat capacity of the air [J/(kg·K)] 

     Heat capacity of air [Wh/(m3·K)] 

     Dimensioned outdoor temperature [C] 

   Relative operating time [] 

   Energy from space heating [kWh/m2] 

    Delivered energy from district heating [kWh/m2] 

    Delivered electric energy [kWh/m2] 

   Primary energy [kWh/m2] 

         Weighed energy [kWh/m2] 

    Primary energy factor for district heating [[kWhprimary/kWhfinal] 

    Primary energy factor for electricity [kWhprimary/kWhfinal] 

   Reduction factor [] 

  Global solar radiation during the heating period [kWh/m2] 

   Degree hours [˚C·h] 

        Orientation-dependent solar radiation depending on weather mode 1 or 2 [W/m2] 

  Solar energy transmittance of the glass in the window [] 

   Solar energy transmittance [] 

   Heat loss coefficient of the buildings [W/K] 

   Energetic effective air circulation at heat recovery [h-1] 

          Average air circulation generated in the ventilation system [h-1] 

       Infiltration air change rate [h-1] 

   Power from heat gains [W/m2] 

   Heating load [W/m2] 

   Power from heat losses [W/m2] 

     Primary energy factor [kWhprimary/kWhfinal] 

   Internal specific heating load [W/m2] 

   Heating demand [kWh] 

   Internal heat gains from appliances [kWh] 

   Heat losses through ventilation [kWh] 

   Internal heat gains from solar insulation [kWh] 
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   Transmission losses [kWh] 

     Useful cooling demand [kWh] 

   Specific heating demand [kWh/m2] 

   Specific power [W/m2] 

  Reduction factor which consider shadowing and non-perpendicular radiation from the 
sun [] 

   Reduction factor [] 

  Heating period [h]  

   U-value of each part of the building [W/(m2·K)] 

    Average U-value of the building [W/(m2·K)] 

   Volume of the ventilated area [m3] 

        Heat loss number [W/m2],   

         Temperature difference of the building at weather mode 1 or 2 [˚C] 

     Efficiency of the heat recovery [] 

   Utilization factor [] 

   Density of the air [kg/m3] 

       Air leakage [l/s] 

    Ventilation rate [l/s] 
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1 Introduction 
The energy consumption in the world is a great problem today when the global warming and the 
climate change is a fact. The energy demand is increasing as well as the world’s population. To 
reduce the energy use and the emissions from the energy sources the European Union (EU) has set 
some goals called the “20-20-20” targets. Those goals shall be fulfilled by 2020. The overall targets 
for countries in EU are the following (3):   

 A 20 % reduction in EU greenhouse gas emissions from 1990 levels 

 Raising the share of EU energy consumption produced from renewable resources to 20 % 

 A 20 % improvement in the EU's energy efficiency 

In Sweden there are some additional goals decided within the country to complete the “20-20-20” 
targets, they are to reduce the greenhouse emission to 40 % of the 1990s level and to raise the 
amount of renewable energy to 50 % of the total (4).  

Since the building sector represents about 40 % of the total energy consumption in Europe it is 
important to reduce the energy use from that part. Apart from the “20-20-20” targets the European 
Union requires all new construction to be low-energy by 2020 (5).  

A rather new concept in the building sector is passive houses. It is a German invention that was 
developed in the early 1990s. A passive house can have a total energy use as low as 80 % less than a 
conventional building. A European passive house standard has been developed which shall be 
fulfilled for a building to be certified as a passive house.  

Today about 50 % of the people in the world are living in cities which is a number that is predicted to 
increase in the future. Since it already is housing shortage in many cities around the world and a lot 
of land is occupied, energy efficient high-rise buildings will be in time. Recently there has also been 
proved that it is possible to build high-rise buildings that fulfill the European passive house standard. 
Austria and Germany is the leading countries when it comes to passive houses but several other 
countries are also building passive houses.  

To contribute to the EU energy and climate change policy the project “Energy Efficient demo multi 
residential high-rise buildings” (EE-high-rise) has started.   

 

1.1 Background 

This thesis is a part of the project EE-HIGHRISE within the 7 Framework Program by the European 
Union. The aim of the project is described as following by the project group:  

“The overall objective of the project is to demonstrate and validate new technologies, concepts, and 
systems used in EE-HIGHRISE project, in order to test and assess the technological and economic 
feasibility of innovative energy solutions in high-rise demo building Eco Silver House” (6). 

EE-HIGHRISE project is a cooperation between Slovenia, Austria, Sweden, United Kingdom, 
Croatia and Italy. It started on January 1st in 2013 and has a duration time of 3 years.  

Today a demo building called “ECO Silver House” is under construction in Ljubljana, Slovenia and will 
soon be finished. The EE-HIGHRISE project will continue with simulations of the demo building in 
Ljubljana for developing the model of the building. Also monitoring of the demo building will be done 
to evaluate the result. Another goal with this project is also to disseminate the information about the 
sustainable building in EU.  
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1.2 Purpose and goal 

The main aim of this thesis is to investigate the model of Eco Silver House in different climates 
around Europe. The countries chosen for the study was Sweden, United Kingdom (UK), Austria, Italy 
and Croatia. The task from the major project is formulated as follows: 

“Climate specific models: - Adaptation to the region’s variety regulations, building types, climate 
zones and cultures of the different countries.” 

The investigation and evaluation of the energy use in the different countries is done by simulating 
the model in PHPP and IDA ICE to obtain the annual heating demand, the heating load, energy 
needed for cooling, the primary energy demand per year and the annual weighed energy. All 
information needed for the simulations is given in a PHPP file. The building will be simulated in two 
different programs so that comparison can be done to prove the results. The programs used are 
simulation programs designed to calculate the energy use in buildings. IDA ICE will be used for 
comparison to state the results because it is a more common program for energy simulations in 
Sweden than PHPP.  

After the investigation of the energy demands in the different countries the study continued with 
evaluating the model. Energy saving measures was tested as well as the thickness of the insulation to 
achieve passive house standard in each country. In some countries it meant that insulation had to be 
added to meet the passive house standard, while in other countries the insulation needs to be 
reduced.  

Not only will the energy use of the building be investigated but also the building will be compared 
with similar buildings in Europe. Also the cultural differences between the countries as attitude 
towards high-rise buildings and the social status of living high will be discussed.  
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1.3 Limitation 

In PHPP the model of the demo house in Ljubljana will be tested for the climate of five cities around 
Europe. Those cities are:  

 Stockholm, Sweden 

 London, United Kingdom 

 Rome, Italy 

 Buzet, Croatia 

 Vienna, Austria 

Because of the great variation of the climate in Austria where the climate difference between the city 
center of Vienna and the edge of the town is significant, comparison will be done also within the city. 

The reason why the investigated city in Croatia is Buzet instead of Zagreb, which is the capital city, is 
that no climate data were available for Zagreb. Because of the complexity and the detailed data of 
the weather and temperatures it is very difficult to perform the simulations without the data already 
programmed in PHPP.  

For calculations and simulations data were given in a PHPP file. This file contained full information for 
making calculations of ECO Silver House (see section 2 for more information on Eco Silver House) in 
Slovenia. A lot of that data were used when the building was simulated in other countries as well. 
This either because no other values could be found for that country or that the given values were 
more relevant because of adaption to the particular building, ECO Silver House.  

When using IDA ICE for simulations there have to be simplifications to obtain results in time. The 
building is big and detailed and takes time to build up a model of it. Because of the time limitation 
the model are simplified. Accordingly, the comparison of the energy use in IDA ICE will only be done 
for Stockholm, Sweden and Ljubljana, Slovenia.   

2 Eco Silver House 
The demo building, Eco Silver House, is located in Ljubljana in Slovenia. The building has 17 floors 
whereof 11 floors are living spaces, 4 floors are basement floors with parking facilities and the two 
remaining floors are the ground floor and the mezzanine. Of the eleven floors of living spaces there 
are two terrace floors. The model of the Eco Silver House is showed in Figure 1.  

 

 

Figure 1 Design of Eco Silver House, model (7) 
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In the building there are 128 apartments. The treated floor area is 12 870 m2 and the indoor 

temperature is 20 C. The height of the living space on each floor is 2.6 m. The window areas is 3152 
m2 and has a total average U-value of 0.89 W/(m²·K).  

Most of the heating is coming from the ventilation, though the ventilation system is a heat 
recovering system with an efficiency of about 83 %. The central unit for the heat recovery of the 
ventilation is placed inside the thermal envelope. Also there are heat exchangers to recirculate the 
hot water. The extra heat needed to fulfill the comfortable indoor temperature and to heat the 
domestic hot water is coming from district heating.  

To reduce the overheating during summer time there are exterior shutters. Although, all overheating 
cannot be avoid so there are also a cooling system driven by electricity installed in the building.  

It is of great importance when determining the materials in the building if the building is going to be 
sustainable or not. The materials have to have low integrated processing energy. Also the thermal 
insulation has to be excellent as well as the sound insulation of the walls. The materials for this 
building are ecological to enable a high living comfort and a healthy environment. 

The electricity use in this building is an approximated value. The annual use of household electricity is 
estimated to 22.0 kWh/m2 (Appendix A, Electricity). This consists of dish washing, laundry and drying, 
refrigerating, freezing, lighting and other appliances. The building is equipped with an intelligent 
system of steering and handling the electrical and mechanical appliances for as low energy waste as 
possible. The annual use of auxiliary electricity is approximated to 3.4 kWh/m2 (Appendix A, Auxiliary 
Electricity).  

This building (Figure 2) is currently under construction and is expected to be completed soon.  

 

 

Figure 2 ECO Silver house, building under construction (March 2014) 
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3 Literature study 
A literature study has been performed to learn more about the passive house concept, the attitude 
towards high-rise living and similar projects around Europe.  

 

3.1 Passive Houses 

A passive house is a building heated by passive energy sources and only needs a small amount of 
added heat if heating is necessary. The idea was developed in the early 1990s in Germany by Dr 
Wolfgang Feist and Professor Bo Adamson. The first dwelling was built in 1991 in Darmstadt, 
Germany (8). The passive house concept is reached by two principles: to optimize the heat gains 
while minimizing the heat losses.  

The passive energy sources are heat from solar radiation and internal heat gains.  The internal heat 
gains includes: heat from inhabitants, heat from appliances present in the house and recycled heat 
from the ventilation- and domestic hot water system. 

Minimizing the heat losses is done by high insulation and good air tightness of the thermal envelope. 
The building has to have extremely well insulation and windows with a low U-value as well as good 
insulated window frames. Also the thermal envelope has to be free from thermal bridges.  

The quality of the ventilation is of great importance for the living comfort in the house. Because of 
the thick walls there will be no natural ventilation and fresh air has to be added. By having a heat 
recovery system with high efficiency the heat gains can be optimized while the heat losses reduces.  

Because of the dense thermal envelope and the good ventilation the passive house is not only energy 
saving but also has a good indoor climate, both during summer and winter. The temperature will be 
nice and even across the room because there are no thermal bridges and no draughts will occur at 
the windows. Also the probability of mold damages are low because no moist will reach the wall.  

When building a thermal envelope of passive house standard there are some additional costs 
compared to regular buildings. Though a passive house is affordable since the extra cost of building 
the house is compensated by the low operating cost. The European passive house standard requires 
an annual specific heating demand of          . The energy used for that can be compared for 
the energy content in 1.5 liters of heating oil (9).  

The principle of passive houses can be implemented in every part of the world. Today, passive 
houses have been constructed in Europe, North and South America, Asia and Africa.  In Europe there 
was about 30.000 certified passive houses in 2011 (10).  

 

3.1.1 European passive house standard 

For a house to be classified as a passive house it needs to have certification from approved 
certification instances. The excel-based program “Passive House Planning Package” (PHPP) is used for 
determining the energy flows in the building.  

The general criteria’s for passive houses in Europe are presented in Table 1.  

Table 1 Energy use for European passive house  according to the European passive house standard (11) 

Annual heating demand [kWh/m
2
·year] 15 

Annual cooling demand [kWh/m
2
·year] 15 + 0.3·DDH 

Heating/cooling load [W/m
2
] 10 

Primary energy [kWh/m
2
·year] 120 
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In the Table 1 DDH is the dry degree day hours and are in this study varying from 0-13 depending on 
the country (12).  
Because of different climates around Europe either the annual specific heating demand of 
          or the heating load of         has to be fulfilled. The primary energy also differs from 
country to country because of the energy source used at that location and its primary energy factor.  
Some other guidance that has to be met according to the European passive house standard is (11): 

 The U-values of the windows should be ≤ 0.8 W/(m²·K), and the solar energy transmittance 

of the windows, g, must exceed 50 %  

 The efficiency of the heat exchanger has to be at least 75 % 

 The air tightness at pressure test of +/-50 Pa cannot be over 0.6 h-1 

 The frequency of overheating can only be 10 % during the year, overheating is when the 

temperature exceeds 25 C 

 The thermal envelope has to have an U-value below 0.15 W/(m²·K) 

There are also local regulations and recommendations for each country that must be met which are 
being described next.  

 

3.2 Public attitude towards high-rise buildings 

Since more people are living in the cities today there needs to be more buildings. To be able to 
accommodate the need of living spaced for all people living in cities there will in the future be 
necessary to build high-rise. The acceptance of high-rise buildings is varying from country to country. 
In some countries and cultures the social status of the persons living in the high-rise building is low. 
In many countries this is not valid any more but some are still having these thoughts. 

There are high-rise buildings in all parts of Europe and it is a result from the mass building production 
after World War 2. After the war there was housing crisis in many countries around Europe. The 
negative attitude around Europe extends far back in time. In many places in different countries there 
soon appeared problems with these buildings which lead to a negative attitude to the high-rise living 
(13).  

There are both positive and negative sides with high-rise living and for the attitude towards the high-
rise building to be positive the good sides needs to over reflect the negative parts. Some positive 
sides of high-rise living are the possibility to preserve the land in the cities and a lot of people have 
room on a relatively small area. In the new built high-rise buildings it is taking advantage of the 
sunlight to create a pleasant indoor climate. Also the view from a high-rise building is attractive (13).   

The negative sides of high-rise living are the same all over Europe. What differ are which problem 
that is greatest and the magnitude of it. The most common problems in the old high-rise buildings 
are structural problems as a result from bad quality of the materials which causes an unhealthy 
indoor climate. Another problem in those buildings is the indoor design when many houses built 
after the war had small rooms and insufficient storage space. Social problems within the building also 
occurred because of noise between the apartments and poor neighbor relations because of the close 
living. Also the maintenance in the building and the location is important for people to feel 
comfortable (13). 

To be able to change the attitude the former problems needs to be solved and tested to prove that it 
works. The idea of the high-rise buildings is to be able to create attractive living spaces to a 
reasonable rent so a wide group of users can live there.  
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3.2.1 North Europe 

In the countries in the northern Europe there is some skepticism to high-rise living. This is, among 
other things, the result of early development of high-rise building that soon showed to be failed. 

In UK, which seems to be one of the countries in Europe that are most negative to high-rise living, 
there has since a long time been low status to live in a high-rise building. The start in the 1950th and 
60th was good when the concept was new. In the beginning of the building of high-rise houses, living 
in those was considered high status. Only ten years later the concept seemed to be failed and the 
social status of living high was no longer there. In the 1970s a gas explosion collapsed parts of a high-
rise building block and started the doubt of the high-rise housing. Another reason why skepticism 
occurred was that there were some problems with the national economics which lead to removal of 
the high-rise subsidies in the same decade as the gas explosion (13). 

The future of the high-rise housing in UK is uncertain. The negative attitude must be removed and 
this can be done by positive examples of high-rise buildings. In order to do that there needs to be 
some kind of program to regenerate high-rise estates. 

Also in other Northern European countries there are still negative attitudes towards the high-rise 
living. Sweden and Denmark were two of the leading countries in the beginning of the high-rise 
building era after the world wars. In Denmark the high-rise housing failed when too many houses 
were built at the same time in one place in 1960-70, resulting in a monotonous view. It was also 
recommended from Danish Building research institute not to let children families live in high-rise 
buildings. Researchers showed that children didn't feel comfortable there. In Sweden there has lately 
been built some high-rise buildings but they are mainly public buildings like hotels and office 
buildings but not residential buildings (13).  

 

3.2.2 West Europe 

The countries in west Europe are as northern Europe also skeptic to high-rise buildings. In France the 
people that are living in high-rise houses are viewed as second-class citizens. The landlords have 
searched for solutions to the problem of poor people renting their buildings but a few attempts to do 
that has failed. Among them, an offer to co-ownership to the people living in the high-rise buildings. 
This to get middle class population to move into their buildings. Another strategy was to get students 
to live in the houses, this has made the housing affordable. Still it seems like it would not be a 
realistic prospect to increase the high-rise living in the future as it is today (13). 

In the Netherlands people does not prefer to live in high-rise buildings so those buildings work as a 
temporary housing when nothing else is available. It is especially families with children that avoid the 
dwellings in high houses. It is also rather expensive to live in high-rise buildings here. Except the rent 
of the dwelling there are extra costs of public spaces and so on. Even though the high-rise buildings 
are not a popular way of housing most of the people living in the high-rise buildings are satisfied with 
their dwellings. The small amount of unsatisfied inhabitants can be explained by the high standard of 
the high buildings in the Netherlands (13). 

The high-rise buildings in Belgium have not as bad reputation as in France but it is still not that good. 
Living in high-rise apartments seems like a temporary solution and the people wants to move from 
the city. So far there are not many serious problems with the social aspect or the technical, only a 
few in greater estates (13). 

 

3.2.3 East Europe 

The housing in east Europe is rather different from the west Europe. The result of the former Soviet 
Union was that the most important to take in consider when building houses was the cost. The 
cheapest houses to build were the high-rise buildings of bad quality (13). 
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Even though the general acceptance is not negative there have been some health problems. Because 
of the dubious quality the buildings became an unhealthy place. Noise from elevators and 
windstorms at top of the building affected the inhabitants negatively. There were also symptoms like 
anxiety depression and heart diseases in crowded buildings (13). 

In Ukraine it is absolutely a future for high-rise buildings. Because of the extreme winters the single 
family houses are not that popular as in the rest of Europe. It is not the attitude or acceptance that is 
the problem in this area. The problem is that the existing buildings are of very bad condition and 
there is a very low rate of new construction (13). 

 

3.2.4 South Europe 

In the south European countries, Italy and Spain, there is a more positive attitude towards the high-
rise (13). High-rise living is a normal housing type in both of those countries and in Italy over 35 % of 
the buildings in the 5 largest cities is high-rise buildings. High-rise buildings have for a long time been 
owner occupied and a law regulates shared responsibility for maintenance and management. In 
Spain the building of high-rise housing has revived lately, especially in the cities and at the coast. In 
those countries it is not the high-rise building per se that is the problem. The problem is instead 
connected to the location and to the maintenance. Those criteria are not only for high-rise buildings 
but for all buildings (13). 

 

3.2.5 Central Europe 

Central Europe is the leading countries when it comes to developing the high-rise buildings today. 
Both in Switzerland and Germany there are plans to build some high-rise buildings. In Switzerland a 
dozen of buildings are planned or under construction and not only in the great cities as before but 
also in smaller towns (14). There are also projects planned in Germany and some already built 
buildings that have been accepted. The importance for changing the attitude is to have thoughtful 
planned houses with good indoor and outdoor environment. The location and a good view are also 
important.  

The reputation of high-rise buildings has not been that good in Germany. They can still be associated 
with the high-rise building of the 60s and 70s (15). Especially families with children and elder people 
and other that are in need of help. But the acceptance of high-rise buildings has increased lately in 
especially in Switzerland according to Sandra Wetzel (14). She also believes that the building of high-
rise housing will continue in the future. On the other hand, Gerber (14) thinks that the majority of 
the inhabitants will choose to live in traditional low-rise buildings. The view is an important aspect to 
raise the attraction of the building and is critical in order to give the high-rise buildings a future. 

In Slovenia the high-rise buildings are in good condition which contributes to a more positive image 
of high-rise living than in the west and north Europe. After an earthquake in Skopje 1963 the building 
standards became stricter which resulted in less construction fault and a better standard of the high-
rise buildings. Another reason to the positive attitude is that the construction of the high-rise 
buildings did not decrease in the 60s as it did in many other countries around Europe but continued 
in the same rate until 1970 and 1980. The result was that the social status of living in high buildings 
was the same as living in other neighborhoods and the majority of the people who bought 
apartments in high-rise buildings were satisfied with the price.  It is mostly young people that are 
living in high-rise buildings and today you can see that more and more high educated people are 
moving into individual houses or lower buildings. Yet there are not many problems in Slovenia but 
with the need of renovation of the old high-rise buildings, which will be relevant in the near future, 
some economic problems may occur. The problems that exist are similar to the ones in the rest of 
Europe, which are for example monotonous designs and a poor image, and are mostly occurred in 
larger estates (13). 
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3.3 Similar projects  

High-rise passive houses is today under development and there are not many houses built in Europe. 
A few buildings that are similar to ECO Silver House are presented in this chapter. The projects 
described are located in Sweden, Austria and Germany. No similar projects are done in the other 
countries investigated in this thesis.  

 

3.3.1 Seglet - Sweden 

In Karlstad there is a house named “Seglet” which is a high-rise passive house. It is a 12 floor high 
multiple dwelling house with 44 apartments. A picture of the building is shown in Figure 3.  

 

 

Figure 3 “Seglet” – A passive house certified high-rise building in Karlstad, Sweden (16) 

 

The building is heated by district heating and has an exhaust air system with heat recovery. The 
external walls have an average U-value between 0.11 and 0.15 W/(m²·K), the windows U-values lies 
between 0.91 -1.0 W/(m²·K) and the ceiling has an U-value below 0.05 W/(m²·K). The house is built of 
wood and has an air tightness of 0.3 l/(m2s). Also the thickness of the insulation is between 401-450 
mm. The indoor floor area is about 3100 m2 and the temperate area is 2643 m2 (17).  

The values of the energy consumption are presented in Table 2.  

Table 2 Energy use for “Seglet” (18) 

Annual heating demand [kWh/m
2
] 18 

Primary energy [kWh/(m
2
·year)] 86 

Specific energy use [kWh/(m
2
·year)] 56 

Heating load [W/m
2
] 11  

Air tightness at +/- 50 Pa [h
-1

] 0.18 
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As shown in the table the annual heating demand is 18 kWh/m2 and it has a primary energy of 86 
kWh/m2a. This is much lower than if ECO Silver House should be placed in Sweden even though the 
U-values on the walls, roof and windows are rather similar. One reason can be that “Seglet” has a 
construction of wood which has a lower U-value than concrete. Another reason may be the area of 
the house which is much greater on ECO Silver House which leads to greater areas of heat 
transmission.  

The house is classified from the earlier version of FEBY which is FEBY 09 (19). This means that the 
limit for the heating load is depending on the climate zone. In climate zone II where “Seglet” is 
located the demand for the heating load was        .   

 

3.3.2 RHW.2 – Austria  

The first office tower to be certified as a passive house in the world is placed in Vienna. The building 
is called Raiffeisen-Holding Wien 2 (RHW.2) and was completed in 2012 and is the corporate 
headquarters of Austrian Raiffeisen-Holding. In the building there is room for 900 employees and 
also included in the building are a kindergarten, a café, a bank, and a fitness and medical center. 

 

 

Figure 4 Picture of the building RHW.2 (20)  

 

The building is about 73 meters high and has an annual purchased energy of 233 MJ/m2 which is 
about 64.7 kWh/m2. The annual carbon dioxide emissions caused by the building is about 14 kg 
CO2/m2. The heating demand is based on simulations and the CO2 emissions are a predicted value. 

The energy needed for heating of the house is distributed as following:  

 40 % Combined heat and power 

 38 % Waste heat from data center 

 15 % District heating  

 7 % Geothermal 
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The combined heat and power plants is biogas-based.  

Also the energy for cooling dominates of the combined heat and power plants with 35 % followed by 
energy from compression chiller and cooling from the Danube canal that is just beneath the RWH.2 
building with 29 and 28 % respectively. Also geothermal energy is used for cooling during 
summertime with 8 % of the total demand. The hot water for the chiller is coming from combined 
heat and power (CHP).  

The electricity use of the building is a mixture of combined heat and power plant, utility grid and a 
small amount of photovoltaic. The distribution is 60, 39 and 1 % respectively.  

In this building the main factors for reaching the passive house goals is that the building has a good 
thermal efficiency of the walls. The walls have double facades and are well-insulated. The building 
has a mechanical system that is advanced for energy saving and also the way of utilizing the daylight 
has been developed to reduce the electricity use for lighting. The tower is rather narrow, about 18 
meters, so the daylight can reach every spot of the building. To prevent overheating the building has 
a shading system that is automatic and also can be controlled by the employees. There are operable 
windows also to prevent overheating. 

Compared to conventional high-rise buildings the energy use for RHW.2 is reduced by 80 %. The 
payback time of this building from energy saving is estimated to 14 years (21).  

The building cannot completely be compared to ECO silver house because it is an office building and 
not a residential. The energy use by the occupants, such as domestic hot water use, is different. Also 
the electricity use is different because of computers and other electrical devices which results in a 
higher supplied internal heat.   

 

3.3.3 Renovated passive house - Germany 

In Germany there have been a renovation of a high-rise building in the of Freiburg’s Weingarten 
district. This is the first high-rise building in the world that is converted from a conventional high-rise 
building into a passive house.  Figure 5 provides a picture of the building.  

 

 

Figure 5 Passive house classified building in Germany after renovation (22) 

The building is a 16 floors high residential building which initially had 100 large apartments. During 
the rebuilding the apartments were made and are today 135 apartments. (23) 
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By better insulation and better ventilation system with heat recovery the primary energy has been 
reduced by 40 %. Also the annual energy demand has been lowered to less than 20 kWh/m2, which is 
a reduction of about 80 % from the beginning (24).  

Measurements are still in progress to evaluate the result. The measures will last two years after 
occupancy which was in April 2011. No result is yet to be found to see how it went.  

4 Theory 
In this chapter the theory needed for the implementation of the simulations is presented. The theory 
will be divided into energy calculations and local regulations and recommendations. 

 

4.1 Energy calculations 

The equations needed for determining the annual heating demand, the heating load, the cooling 
demand and load and the primary energy is presented in this chapter. All sources to the equations in 
this chapter are derived from the manual of PHPP (12).  

 

4.1.1 Annual heating demand 

The annual heating demand is the difference between the heat losses and the free energy coming 
from internal gains and the sun. The demand is then divided by the living space to get the specific 
energy demand per year, Equation 1.  

   
  

 
 

Equation 1 

In this equation,   is the reference area and    is the heating demand which can be calculated using 
Equation 2.  

 

                   

Equation 2 

The heat losses which represents of the transmission heat losses,   , and the heat losses through 
ventilation,   , can be calculated with Equation 3 and Equation 4.  

 

   ∑            

Equation 3 

In Equation 3: 

   is the  area of each part of the building [m2] 
   is the  U-value of each part of the building [W/(m2·K)] 
   is the reduction factor [] 
   is degree hours [˚C·h] 

                 

Equation 4 
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To determine the heat loss through the ventilations with Equation 4 the following parameters are 
needed: 

   is the volume of the ventilated area [m3] 
     is the heat capacity of air [Wh/(m3·K)] 

and:  

 

                             

Equation 5 

where           is the average air circulation generated in the ventilation system,        is the 

infiltration air change rate and      is the efficiency of the heat recovery. 

To determine the heat gains from Equation 2, which consists of the internal heat gains,   , and the 
solar radiation,   , Equation 6 and Equation 7 are used.  

 

          

Equation 6 

where   is the heating period [h] and    is the specific power [W/m2].  

 

            

Equation 7 

In Equation 7: 

  is the reduction factor which consider shadowing and non-perpendicular radiation from the sun [] 
  is the solar energy transmittance of the glass in the window [] 
   is the area of the windows [m2] 
  is the global solar radiation during the heating period [kWh/m2] 

 

4.1.2 Heating load 

An alternative requirement to the annual heating demand (energy) which is to be fulfilled is the 
heating load,   , (power). To determine this, it is calculated for two cases. One is the heating load on 
a cold, clear day and the other one is the heating load for a moderate, overcast day. Here the cold 
clear day is called weather mode 1 and the moderate, overcast day is called weather mode 2. The 
maximum value for the two cases is the result compared to the regulations, see Equation 8.  

 

              

Equation 8 

In the equation above        is the power from heat losses and        is the power from heat 
gains. The values of those parameters are calculated with Equation 9 and Equation 10.  
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   ∑                                        

Equation 9 

where  

  = area of each part of the building [m2] 
   = U-value of each part of the building [W/(m2·K)] 
   = the factor at temperature zone “x” [] 
         = temperature difference of the building at weather mode 1 or 2 [˚C] 
   = volume of the air[m3] 
   = effective air circulation in the case of heat load [h-1] 
     = heat capacity of air [Wh/(m3·K)] 

 

   ∑(                  )       

Equation 10 

     = the area of the window [m2] 
   = solar energy transmittance [] 
   = reduction factor [] 
        = orientation-dependent solar radiation depending on weather mode 1 or 2 [W/m2] 
   = internal specific heating load [W/m2] 

The values of the parameters for the heating load are presented in Appendix A.  

 

4.1.3 Annual cooling demand 

The cooling demand is calculated with Equation 11.  

 

              

Equation 11 

where    and    is determined by Equation 6 and Equation 7 and     , which is the useful cooling 
demand, is calculated with Equation 12. 

 

           

Equation 12 

In Equation 12    is the utilization factor.  

 

4.1.4 Cooling load 

To determine the maximum cooling load required the power from the heat losses is added to the 
internal heat gains according to Equation 13.  

         

Equation 13 
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4.1.5 Primary energy 

The primary energy  is a way to calculate the energy sources impact on the environment from “cradle 
to grave”. It is the ratio between the primary energy use and amount of useful energy left at the end. 
The different primary energy factors will be presented for each energy source later on in the report.  

To achieve the passive house requirements the primary energy has to be lower than 120 kWh/m2. 
The primary energy is calculated with Equation 14.  

 

   ∑        

Equation 14 

where    represents the energy from space heating, the energy from the electricity, both household 
and auxiliary and energy for cooling and the domestic hot water. It is in other words all bought 
energy.      is the primary energy factor for each energy source respectively.  

 

4.2 Input data for PHPP 

In the following chapter the data needed for calculations in PHPP are presented. This data is the 
same for all countries if no other is mentioned in the chapter “local regulations and 
recommendations” for the respective countries. The average values used in the calculations are 
shown in Table 3 (12).  

Table 3 Input data for PHPP 

Dimensioned indoor temperature [°C] 20 

Household electricity use [kWh/m
2

a] 22 

Domestic hot water use [l/p·day] 25 

Number of occupants in the building [persons] 367.7 

Ventilation rate [m
3
/(person·h)] 30 

 

The data is coming from the recommended values in PHPP which were approximated for the building 
in Ljubljana. The number of occupants in the building is calculated by assuming that there is 1 person 
per 35 m2 of the living area (12). The rest of the values needed for calculations that are given in PHPP 
are presented in Appendix A.  

In all the countries except Sweden, there is no recommended value for the household electricity use 
when planning passive houses. A statistic value of the electricity use of each country will give a 
misleading result because the average electricity use in apartments is probably higher than the usage 
in passive houses with its low energy appliances that is adapted to the passive house concept. 
Therefore the household electricity use recommended in the PHPP file for Slovenia will be used for 
every country in this study except Sweden. The recommended value of the household electricity use 
is not an average value for the electricity use in Slovenia but a value that is adapted to ECO Silver 
House because of the appliances and the fact that the building aims to be a passive house.  

Some parameters that are depending on the country are the type of ground and the wind velocity. 
Those values are input data in PHPP. The ground has a different thermal conductivity and heat 
capacity depending on the material. The thermal conductivity is varying from 0.4 W/(m·K) if the 
ground consists of peat and 3.5 W/(m·K)  if it is rock, with other components in between that interval 
(12). Because of the small variation the final result would not be affected, therefore this is neglected. 
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Neither the wind velocity at 10 meters height is taken into consideration. This is proved by tests with 
extreme wind velocities with no effect on the final result.  

 

4.3 Input data for IDA ICE 

All the information of ECO Silver House came from a PHPP file. When creating the model of the 
building in IDA ICE, this PHPP file was the main source. There are also drawings of the building that 
was used for building the model (Appendix C).  

To create a model of a building of this size takes time. Because of the limitation of time the model 
were simplified. First a ground floor was drawn and windows were placed according to the drawing 
of ECO Silver House. Then this floor were copied and pasted at different levels to create another 
floor. The seventh to thirteenth floor were copied and then modified to be as similar to the original 
building as possible.  

The balconies are changed to windows in the model and assumed to have the same U-values as the 
ordinary windows. The windows in the model are not exactly after the drawings because of the 
copied floors, therefore there are some added windows around the building to get the same window 
area as the original building.  

In Figure 6 the model of the building is shown viewed from west.  

 

Figure 6 IDA ICE model of ECO Silver House viewed from west  

The same building is shown viewed from the east in Figure 7.   

 

Figure 7 IDA ICE model of ECO Silver House viewed from east 
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The model is built to be as similar as the building in PHPP so that the results can be compared fairly. 
In PHPP the heat losses to the ground is neglected. To avoid this great energy loss the basement 
floors were removed from the model and the U-value of the ground was set as close to zero as 
possible. Also the thermal bridges were set to zero in IDA ICE because also those parameters were 
neglected in PHPP.  

U-values of the walls, roof and floor was taken from the PHPP file. The original building has different 
compositions of the materials in different walls and roof and to simplify the model only the wall and 
roof with the largest area has been taking consider of in IDA ICE.  

The energy use from the lighting was the same as well as the household electricity and the domestic 
hot water. Also the number of occupants was the same as for PHPP.  

Every floor was set to be one zone, this because it is only interesting to see the total energy 
consumption and not the energy flows between the rooms and floors.  

The simulations were performed over a year.   

 

4.3.1 Local regulations and recommendations  

Passive house regulations and recommendations depending on local legislations are presented in the 
following chapter for Sweden, Austria, United Kingdom, Italy and Croatia respectively.  

 

4.3.1.1 Sweden 

In Sweden an own version of the passive house standard has been developed. This document was 
produced by an expert group appointed by “Forum för Energieffektiva Byggnader” (FEBY) and is 
taking consider of the local climate conditions in Sweden. The document has been further developed 
and the responsible now lies in “Sveriges Centrum för Nollenergihus” (SCNH). Except FEBY the 
Swedish buildings regulations (BBR) also have to be fulfilled. BBR is the regulations for new 
conventional buildings.  

Energy demands 
Sweden is divided into three climate zones. Those are shown in Figure 8.   

 

 

Figure 8 Climate zones in Sweden  

As shown in Figure 8, Stockholm is located in climate zone III.  

1 

2 

3 
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In Table 4 the demands for specific energy use, the heat loss number and the weighed energy are 
presented for each climate zone according to BBR (25) and FEBY (26).  

Table 4 Specific energy use, heating load and weighed energy for each climate zone respectively 

Climate zone  I II III 

Specific energy use [kWh/(m
2

Atemp· year)] BBR 130 110 90 

Weighed energy [kWh/(m
2

Atemp·year)] FEBY 73 68 63 

Heat loss number [W/m
2
] FEBY 17 16 15 

 

The specific energy use includes space heating, domestic hot water and auxiliary electricity. 
Household electricity is excluded. This is the minimum demand for Swedish buildings according to 
“Boverkets Byggregler” (BBR). In the weighed energy the same parameters are included together 
with the household electricity. This is the regulations for passive house classification according to 
FEBY.  

The weighed energy can be calculated with Equation 15. 

 

                         

Equation 15 

where  

     primary energy factor for electricity [kWhprimary/kWhfinal] 

     delivered electric energy [kWh/m2] 

     the primary energy factor for district heating  

     delivered energy from district heating [kWh/m2] 

The heat loss number,         [W/m2],  is calculated by the following equation.  

 

        
            

 
 

Equation 16 

where the value of 21 represents the dimensioned indoor temperature.      [C] is the 
dimensioned outdoor winter temperature, which is the lowest average outdoor temperature of a day 
over a year.      is a tabulated value depending on location and type of building.    [W/K] is the 
buildings heat loss coefficient which can be calculated with Equation 17.  

 

   ∑                                              

Equation 17 

where 

   = the area of the thermal envelope [m2] 
   = Average U-value of the building [W/(m2·K)] 
  = density of the air [kg/m3] 
       = specific heat capacity of the air [kJ/(kg·K)] 
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  = relative operating time [] 
      = air leakage [m3/s] 
   = ventilation rate [m3/s] 
     = efficiency of the system [] 

 

Electricity 
The average household electricity use in Sweden for apartments in passive houses is approximated to 
3000 kWh/year (27), (28). This includes cooking, lightening, electrical devices, dish washing, 
refrigerating, freezing, clothes washing and drying and electricity from other sources. The 
distribution of the energy use is shown in Table 5.  

Table 5 Distribution of the household electricity consumption in Sweden (2) 

 Electricity use [kWh/year] 

Refrigerant + freezer 720 

Lighting 630 

Cooking  390 

Dish washing 120 

Clothes washing and drying 210 

Electrical devices 540 

Other 390 

Total 3000 

 

The electricity for running the freezer and the refrigerator has the highest share and contributes with 
about 1/4 of the total electricity use.  

To determine the primary energy factor the electricity was chosen to be of Nordic mixture. Since it is 
difficult to calculate an exact value, because of the difference in electricity producer from time to 
time, an average value is approximated to 2.5 kWhprimary/kWhfinal (26). The carbon dioxide emissions 
are estimated to 100 g/kWh (29).  

 

Ventilation 
For the ventilations there are some regulations that have to be considered. The minimum ventilation 
rate,  , is 0.35 l/(m2·s) according to BBR (25). For calculations in PHPP this value has to be converted 
into m3/(h·person) which is done by using Equation 18.  

 

   
        

            
 

Equation 18 

where   is the treated floor area and          are the number of occupants. 

This gives a ventilation rate of 44.1 m3/(h·person).   

Also the maximum air leakage,   , can be 0.3 l/(m2·s) for a pressure difference of +/- 50 Pa (26). This 
can be converted to air change per hour (h-1) for comparison to the passive house standard by 
Equation 19. 
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Equation 19 

This results that the limit of the maximum air leakage is 0.42 h-1 for ECO Silver House.  

 

Cooling 
Because of the cold climate in Sweden the cooling system are not necessary. Therefore all cooling 
adjustments are removed.  

 

Hot water use 
The recommended value of the domestic hot water use in Sweden for calculations is 25 
kWh/(m2·year) for multiple family residential (26). It results in an average use of 39.5 l/(person·day) 
which is the required unit in PHPP. This value is calculated in PHPP (12). 

 

4.3.1.2 UK 

In UK the European passive house standard is valid. They also have the “Building regulations” (BR) 
(30) and the “Code for Sustainable Homes” (31). The buildings regulations are divided into approved 
documents numbered from A to P. Since the passive house standard is focusing on the energy use it 
differs from The Code for sustainable homes and BR because they aim for lowering the carbon 
dioxide emissions instead. Therefore it is difficult to compare this with the European regulations.  

 

Energy demands 
The code for sustainable homes does not give a value on the annual energy use in the same way as 
the passive house standard does. The different parts considered are the following:   

 energy/CO2 

 pollution 

 water  

 health and well-being 

 materials  

 management 

 surface water run-off  

 ecology 

 waste 

There are different code levels from 1 to 6 where level 4 can be compared to the passive house 
standard. For reaching that level the hot water use can be maximum 105 l/(person·day) and the 
minimum standard of the building has to be 44 % better than the approved documents, part L - 
Conservation of fuel and power, in the BR. Every energy efficiency measure is also giving points and 
apart from the hot water use and the 44 % improvements there are points to be awarded. A certain 
point relates to a certain level of energy class of the building (31).   
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Electricity 
The fuel mixture of the electricity production is shown in Table 6. It dominates of nonrenewable 
sources.  

Table 6 Fuel mix for electricity in UK (32) 

Fuel source %  

Coal 38.4 

Natural gas 27.7 

Nuclear 20.6 

Renewable 11.3 

Other 2.0 

 

This mixture of fuel results in a primary energy factor of 3.07 kWhprimary/kWhfinal and carbon dioxide 
emissions of 0.47 g/kWh (33).  

 

Ventilation 
The minimum ventilation rate is either 0.5 h-1 or 0.3 l/m2·s according to national regulations (34). This 
is converted into the right unit for the program by Equation 18.  

 

Hot water use 
The daily average water consumption is estimated to 26 l/(person·day) (35). This is a statistic value.  

 

4.3.1.3 Austria 

In Austria they have an own system of certifying passive houses. It is called Klima:Aktiv and is similar 
to the European passive house standard. It was developed in 2004 by the “Federal Ministry of 
Agriculture, Forestry, Environment and Water Management” as an initiative for the climate 
protection (36). 

 

Electricity 
 In Figure 9 the fuels for electricity production for Austria are shown.  
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Figure 9 Fuels for electricity production in Austria (37) 

In Austria there is a large amount of hydropower which contributes to about 59 % of the electricity 
production. The rest are represented by fossil fuels as natural gas, coal and oil.  

The average primary energy factor for the electricity production in Austria is 2,62 kWhprimary/kWhfinal 
and the carbon dioxide emissions can be approximated to 0.417 g/kWh (38).  

 

Ventilation 
The recommended rate of ventilation is 30 m3/(h·p) or 0.3 h-1 (39).  

 

Domestic hot water 
The use of domestic hot water can be approximated to 30 l/(p·d) (40). The value is based on 
statistics.   

In Austria, heating domestic hot water (DHW) with solar is under development. Since 2000 the 

amount of solar heating systems has more than doubled. In all regions the solar thermal installations 

are subsidized and no regulations are limiting the development with exceptions from historical 

buildings. The energy use will be tested both for the heating systems used for space heating and with 

additional heat from solar collectors. The data needed for adding solar heating are presented in 

Table 7.  

Table 7 Input data for the solar collectors  

Solar collector area [m
2
/person] 1  

Deviation from north [ ] 180  

Angle of inclination from the horizontal [ ] 45 

 

When dimensioning the solar collectors a common value of the area is 1 m2/person (12). The angle 
on the deviation from north means that 180 ° is when the panel faces south. That the angle of the 
inclination from the horizontal is 45 ° means that the solar panel is tilted in that angle. The solar 
collector used in the simulation is a standard flat plate collector with an efficiency of 77%. There is a 
stratified storage with a total volume of 755  . The data for the collector are from PHPP (Appendix A, 
Solar DHW).  
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4.3.1.4 Italy 

In Italy the European passive house standard is followed but they also have their own regulations. 
Which depends on the location in the country. In South Tyrol they have developed CasaClima which 
also is a standard used for certification of passive houses, in some parts of Italy the Swiss certification 
Minergie are valid (41).  

 

Energy demands 
CasaClima has three levels of space heat requirements. They are A, B and Gold and are presented in 
Table 8.  

Table 8 Space heat requirements according to CasaClima (42) 

 Heat demand 

SHR Gold  < 10 kWh/m²·year 

SHR A  < 30 kWh/ m²·year 

SHR B  < 50 kWh/ m²·year 

 

SHR gold is the level compared to the passive house standard. 

The Minergie standard is divided into four classes. Those are: Minergie – Standard, Minergie - P – 
Standard, Minergie - Eco – Standard and Minergie – A – Standard. Minergie – P – Standard is 
comparable to the passive house standard. It requires a ventilation system with heat recovery, 
energy efficient household appliances, airtightness of the building envelope, a heat demand of 60 % 
or less of the Swiss building norm and a weighed energy index < 30 kWh/m2. Also there is a limit to 
the cost compared to conventional building to a maximum of 10 % higher and it needs to be proof of 
thermal comfort during summer (43). 

 

Electricity 
The primary energy factor for electricity can be approximated to 2.37 kWhprimary/kWhfinal (44) and the 
carbon dioxide emissions to 0.41 g/kWh (45).  

 
Ventilation 
The building legislation in Italy does not require mechanical ventilation in dwellings (27). Because no 
specific value are given the recommended value in PHPP are used.  

 

Domestic hot water 
Also in Italy as in Austria there are sometimes solar heating of DHW. The input values are the same as 

for Austria, see Table 7. The usage of DHW is assumed to be 30 l/(person·day) which is based on 

statistic values (40).  

 

4.3.1.5 Croatia 

The European passive house standard is used for passive houses in Croatia. They do not have an own 
system within the country.  
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Electricity 
The carbon dioxide emission factor is 0.386 g/kWh (45) and the primary energy factor is 3 
kWhprimary/kWhfinal (46). The distribution of the fuels used in the equation is presented in Table 9.  

Table 9 Distribution of fuels for electricity production in Croatia (46) 

Fuel source % 

Fossil fuels  45.9 

Hydroelectric plants 44.7 

Renewable 2.3 

Other  7.1 

 

There are about the same amount of fossil fuels and hydroelectric plants. The rest represents of 
renewable and other fuel sources.  

 

4.4 Local energy sources by country 

Which heating source that is used is depending on the country. In this chapter the most common 
energy systems for each country will be presented together with the primary energy factors and the 
CO2 emissions for each source and country respectively.  

 

4.4.1 Sweden 

In Sweden district heating is used in almost 90 % of the multiple dwellings. There are also dwellings 
heated by electricity, bio fuel and oil but they are so few in relation to the district heating that no 
comparison between these heating sources will be done for Sweden in this study.  

The fuel for district heating in Sweden is different depending on the location in the country. The 
average distribution of fuel for 2012 is shown in Figure 10.  

 

 

Figure 10 Distribution of fuels for district heating in Sweden 

 

As shown in the figure above, biomass is the greatest part followed by waste. Because of the high 
amount of renewable fuels, the district heating is the most environmental friendly energy source in 
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https://www.cia.gov/library/publications/the-world-factbook/docs/notesanddefs.html?fieldkey=2237&alphaletter=E&term=Electricity%20-%20from%20fossil%20fuels
https://www.cia.gov/library/publications/the-world-factbook/docs/notesanddefs.html?fieldkey=2238&alphaletter=E&term=Electricity%20-%20from%20hydroelectric%20plants
https://www.cia.gov/library/publications/the-world-factbook/docs/notesanddefs.html?fieldkey=2240&alphaletter=E&term=Electricity%20-%20from%20other%20renewable%20sources
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Sweden. The primary energy factor for this mixture of fuel can be estimated to 0.8 kWhprimar/kWhfinal 
(26) and the carbon dioxide emissions can be approximated to 75 g/kWhfinal (29).  

 

4.4.2 United Kingdom 

The different energy sources that will be tested for United Kingdom is district heating and central 
heating with natural gas.  

 

4.4.2.1 Central heating 

Central heating is the most common way of heating buildings in England. About 90 % of all dwellings 
in UK are heated in that way (47). The most common fuel used is natural gas (91%) followed by oil 
(4%), electricity (2%), solid fuel (1%) and other (2%) (47). The building will be tested for a gas boiler 
only and the primary energy factor and carbon dioxide emissions for heating with gas are directly 
taken from the data-sheet in PHPP.  

 

4.4.2.2 District heating 

The district heating network only supplies 2% of the buildings in UK. The distribution of the fuel used 
for district heating is shown in Figure 11.  

 

 

Figure 11 Fuel mixture of district heating production in UK (48) 

Natural gas is the most common fuel when producing district heating and is about 72 % of the total. 
Second comes energy from waste.  

There is no average value on the primary energy factor or the CO2 emission to be found for UK. The 
primary energy factor for the district heating production can therefore be calculated with Equation 
20.  

 

                                    

Equation 20 

where      is the primary energy factor for each source respectively and    is the amount of every 
fuel source expressed in percent. The primary energy factors and are shown in Table 10 and   is the 
fuel percent of the total which can be found in figure 5.  
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Table 10 Primary energy factors and carbon dioxide emissions for the most common sources for district heating in UK (33), 
(12).  

 PEF [kWhprimary/kWhfinal] 

Main gas 1.1  

LPG (Liquefied petroleum gas) 1.1  

Oil  1.1  

Coal  1.1  

Waste 1.23 

Biomass  1.01  

Biogas  1.1  

Geothermal  1.24 

 

The result from Equation 20 to be used in the simulations is 1.1 kWhprimary/kWhfinal. The CO2 emissions 
are approximated to 0.519 g/kWh (49). 

 

4.4.3 Austria 

The spread of energy sources for space heating in Austria is greater than in the other investigated 
countries in this study. Natural gas is the greatest part closely followed by, fuel oil, pellets and district 
heating. The distribution is shown in Figure 12.  

 

 

Figure 12 Heating sources of dwellings in Austria (50) 

Since there is no dominating heat source in Austria, several heating sources will be compared in 
PHPP. The energy needed for space heating and cooling will be the same but the primary energy 
demand and the weighed energy will differ because of the different energy sources. The different 
sources investigated in this study will be: district heating, natural gas, fuel oil and pellets.  

Primary energy factors and carbon dioxide emissions for natural gas, fuel oil and pellets are listed in 
Table 11.  
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Table 11 Carbon dioxide emissions and primary energy factors for natural gas, fuel oil and pellets 

 PEF [kWhprimary/kWhfinal] CO2 [g/kWh] 

Natural gas 1,1 0.216 

Fuel oil 1,1 0.331 

Pellets 1.08 0.04 

 

The primary energy factors are almost the same for the fuels in the table above, the emissions from 
carbon dioxide are very small for pellets heating compared to natural gas and fuel oil.  

 

4.4.3.1 District heating 

District heating is under development in Austria. In 2010. 19 % of the dwellings were heated by 
district heating (50) and in 2011 21 % were heated by district heating (51). The mixture of fuel is 
shown in Figure 13.  

 

 

Figure 13 Mixture of fuels for district heating in Austria (50) 

 

The primary energy factor for district heating in Austria is estimated to 1.1 kWhprimary/kWhfinal by 
Equation 20 with values from Table 10, and the emission factor for carbon dioxide is 0.132 g/kWh 
(52).  

 

4.4.4 Italy 

The need for heating buildings is not that great in Italy because of the warm climate. The cooling is 
more energy consuming. In 2008, the distribution of the fuels for heating is according to Figure 14.  
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Figure 14 Distribution of heating sources for dwellings in Italy 2008 (53) 

Today the dwellings heated by district heating have risen but it is still the natural gas that dominates 
the heating market together with oil. The fuel sources to be tested are natural gas, oil heating and 
district heating.  

 

4.4.4.1 District heating 

Today only a small part of the dwellings are heated with district heating. But Italy is one of the 
countries in Europe with great development when it comes to district heating. The past few years the 
amount of district heating has increased from 1 % to 5 % (54). About 20 % of the fuels for district 
heating are renewable and the rest is fossils (55). Because the distribution of the fuels is similar to 
Slovenia its PEF and CO2 emission factor values are used. 

 

4.4.5 Croatia 

In Croatia 10 % of the heating of dwelling is coming from district heating (56).  The distribution of the 
fuels is 77.1 % gas and 22.9 % oil (57). No values of the primary energy factor or the emissions factor 
are valid, therefore the values given for Slovenia are being used. To compare the district heating, the 
building will be simulated for natural gas combustion and fuel oil. 
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5 Method 
First, a literature study has been done to learn about the passive house concept and the different 
regulation and recommendations for the countries involved. Also a study of the acceptance of high-
rise living in Europe and a research of similar projects around Europe has been performed. After that 
simulations were performed in the programs PHPP and IDA ICE.  

 

5.1 Simulation in PHPP 

To perform the simulations one of the program used is Passive House Planning Package (PHPP). The 
program is developed by Passiv Haus Institut in Darmstadt and is a calculation program built up from 
Excel where the user defines the parameters of the components of the house and all the energy 
systems.  

It is a user friendly program where it is easy to change the different parameters, such as climate data, 
depending on where on earth you are planning to place the house, the ventilation rate, dimensions 
and U-values on walls, windows etc. Also the electricity use and the energy source can be 
determined.  

 

5.2 Simulation in IDA ICE 

The other program used for the simulations was IDA Indoor Climate and Energy. It is a program that 
can study the thermal indoor climate as well as the total energy use of a building. The program is 
made in a way that makes it possible to easy simulate simple cases but it is also possible to create 
advanced models. It is possible to import drawings of buildings from common 2D and 3D CAD files, 
for example: ArchiCAD, Revit, AutoCAD and MagiCAD. It is also possible to draw the building directly 
in IDA ICE (58).   

The model can be divided into different zones with different input parameters to simulate the energy 
flows between the zones. The program can simulate the building over a year with climate data for 
locations all around the world (58).  
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6 Results 
The results from the simulations for the different countries are presented in this chapter. Those are 
divided into the results from PHPP and the ones from IDA ICE. Each program is then separated into 
the results of each country.  

 

6.1 PHPP 

Results when simulating with PHPP are presented below for Sweden, United Kingdom, Austria Italy 
and Croatia respectively. Also the result from the demo building in Ljubljana and the results from the 
energy saving of changing the windows are shown.  

 

6.1.1 Simulation of the “basic case” for different countries 

The basic case is when the building is placed as it is but with climate data for respective country. The 
results are presented in Table 12.  

Table 12 Energy and power use when only the climate data is changed for each country 

 Sweden Slovenia UK Austria Italy Croatia Passive House 
Requirements 

Annual heating demand 
[kWh/(m

2
·year)] 

27 19 11 17 1 12 15 

Heating load [W/m
2
] 15 13 7 12 5 11 10 

Annual cooling demand 
[kWh/(m

2
·year)] 

1 2 1 3 18 7 15-19 

Cooling load [W/m
2
] 7 7 3 8 7 7 10 

Primary energy [kWh/(m
2
·year)] 116 105 96 103 96 101 120 

 

When only the climate data is changed Eco silver house can be classified as a passive house in Italy, 
Croatia and UK. The passive house requirements are not fulfilled in the other countries.  

 

6.1.2 Simulation of ECO Silver House in Sweden 

When changing the input data to meet the Swedish regulations and recommendations the results in 
Table 13 are given.   

Table 13 Results from simulation with Swedish climate data 

 Swedish regulations, 
DH 

Passive House 
Requirements 

Requirements 
fulfilled? 

Annual heating demand 
[kWh/(m

2
·year)] 

30 15 No 

Heating load (W/m
2
) 16 10 No 

Primary energy [kWh/(m
2
·year)] 133 120 No 

Weighed energy [kWh/(m
2
·year)] 58 63 Yes 

Specific energy use [kWh/(m
2
·year)] 60 90 Yes 

Heat loss number [W/m
2
] 18 15 No 

 



33 
 

With the Swedish regulations for buildings and passive houses with heating from district heating the 
requirement will not be fulfilled. The annual heating demand is twice as large as the allowed value 
and the heating load is 6 W/m² higher than its allowed value. Also the primary energy is large. One 
reason why the primary energy is so high compared to the result in Table 12 is because the 
approximated electricity use is much higher in Sweden than in the rest of the countries in this study. 
Even though a great part of the electricity in Sweden is coming from renewable energy sources like 
hydro power, the electricity use is too high to compensate for that. To reduce the primary energy the 
use of electricity needs to decrease. 

A comparison between the Swedish regulations and recommendations and some changes in the 
program has been done. The changes are done to see if they have any effect on the final result. The 
air change rate can be 0.6     according to the European passive house standard. The impact on 
result from this change is shown in Table 14. Also another heat exchanger has been tested with an 
efficiency of 91% and a specific power input of           .  

Table 14 National regulations with district heating as a heating system compared with different factors that affect the result 
for Sweden 

 Swedish regulations, DH 0.6 h
-1

 Better heat exchanger 

Annual heating demand [kWh/(m
2
·year)] 30 30 28 

Heating load [W/m
2
] 16 16 15 

Primary energy [kWh/(m
2
·year)] 133 133 130 

Weighed energy [kWh/(m
2
·year)] 58 59 53 

Specific energy use [kWh/(m
2
·year)] 60 60 57 

Frequency of overheating [%] 2.6 2.3 4.0 

 

By raising the air change to the European passive house standard, almost no change is achieved in 
any of the results. A better heat exchanger will reduce all values except the frequency of overheating 
which is increasing. But the new heat exchanger will not lower the demands enough to meet the 
passive house standard.  

Because the values of the annual heating demand and the heating load are much greater than the 
requirements there needs to be some changes of the thermal envelope to reach the passive house 
requirements because of the cold climate in Sweden.  
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6.1.3 Simulation of ECO Silver House in Austria 

In Table 15 the results for different heat sources in Austria are presented when the local regulations 
and recommendations for Austria is adapted.   

Table 15 Comparision between common energy sources in Austria 

 DH Natural gas Oil Pellets 

Annual heating demand 
[kWh/(m

2
·year)] 

18 18 18 18 

Heating load [W/m
2
] 13 13 13 13 

Annual cooling demand 
[kWh/(m

2
·year)] 

3 3 3 3 

Cooling load [W/m
2
] 8 8 8 8 

Primary energy 
[kWh/(m

2
·year)] 

115 115 116 140 

 

The annual heating demand is above the limit for passive house standard as well as the heating load 
but the cooling demands are passed.  The primary energy is rather close to the limit of the passive 
house requirements when using district heating, a boiler with natural gas as fuel and also when using 
an oil combustion boiler. For the pellets burner the primary energy is far over the limit.  

Comparison between different parts of Vienna is done, the given results is presented in Table 16.  

Table 16 Energy use for different parts of Vienna  

 Center Donaufelt Hohe Warte East 

Annual heating demand [kWh/(m
2
·year)] 18 18 20 20 

Heating load [W/m
2
] 13 14 13 14 

Annual cooling demand [kWh/(m
2
·year)] 3 5 2 2 

Cooling load [W/m
2
] 8 8 8 7 

Primary energy [kWh/(m
2
·year)] 115 117 117 117 

 

As shown in the table there is differences in the result even though the places geographically are 
located only a few kilometers apart. The energy use is greater in the east of Vienna than in the city 
center. This is because of the Austrian mountain climate.  

In Table 17 the results from the local regulation and recommendation for the city center of Vienna 
are compared with different energy saving measures. Test are done to see how it affects the results 
by changing the heat exchanger, adding  solar DHW, remove the cooling system, reduce the air 
change rate at pressure test and testing for a greater electricity use than recommended. The greater 
electricity use used for the calculations is the one recommended in Sweden. The reason is that 
Sweden has a rather high electricity use because of the low cost. This was tested to see if the primary 
energy still passed the passive house requirements for the higher electricity use.  
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Table 17 National regulations with district heating as a heating system compared with different factors that affect the result 
for Austria 

 Austrian 
regulations, DH 

Better heat 
exchanger 

Solar 
DHW 

No 
Cooling  

Swedish 
electricity use 

0.42 
h

-1
 

Annual heating demand 
[kWh/(m

2
·year)] 

18 17 18 18 18 18 

Heating load [W/m
2
] 13 12 13 13 13 13 

Annual cooling demand 
[kWh/(m

2
·year)] 

3 3 3 - 3 3 

Cooling load [W/m
2
] 8 8 8 - 8 8 

Primary energy 
[kWh/(m

2
·year)] 

115 111 109 - 136 115 

Frequency of overheating 
[%] 

- - - 14.7 - - 

 

When using a heat exchanger that has a higher efficiency that needs lower specific power input both 
the heating load and the annual heating demand decreases. Also the primary energy is reducing. 
When adding solar heating of the domestic hot water no change is noticeable for the heating 
demand. That is because the same amount of water is used and therefore contributes to the heating 
of the house. The primary energy is decreasing because the solar DHW has a lower primary energy 
factor compared to district heating. No cooling results in a frequency of overheating that exceed the 
allowed limit. That means that cooling is necessary for the building in this country. If changing the air 
press rate so 0.42 h-1 instead of 0.6-1 the heating load and the balanced energy reduces.  

 

6.1.4 Simulation of ECO Silver House in UK 

The result when changing the input data according to UK’s regulations and recommendations is 
shown in Table 18. Two different energy sources are tested: district heating and condensing gas 
boiler.  

Table 18 Comparision between common energy sources in UK 

 DH Natural gas 

Annual heating demand [kWh/(m
2
·year)] 13 13 

Heating load [W/m
2
] 8 8 

Annual cooling demand [kWh/(m
2
·year)] 0 0 

Cooling load [W/m
2
] 3 3 

Primary energy [kWh/(m
2
·year)] 118 119 

 

All the demands for passing the passive house requirements are fulfilled, but the primary energy is 
close to the limit. Since the different energy sources only affect the primary energy factors and not 
the energy demand for the building the only thing that differs when comparing the two sources it the 
primary energy. Because of the great amount of non-renewable energy sources when producing the 
district heating the different between those are not that big.  

The tests that are done to improve the energy use of the building places in UK with its local 
regulations are presented in Table 19.  
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Table 19 National regulations with district heating as a heating system compared with different factors that affect the result 
for UK 

 UK regulations, 
DH 

No 
cooling 

Better heat 
exchanger  

Swedish 
electricity use 

0.42 h
-1

 

Annual heating demand 
[kWh/(m

2
·year)] 

13 13 11 11 12 

Heating load [W/m
2
] 8 8 8 8 8 

Annual cooling demand 
[kWh/(m

2
·year)] 

0 - 0 1 0 

Cooling load [W/m
2
] 3 - 3 3 3 

Primary energy [kWh/(m
2
·year)] 118 117 114 142 118 

Frequency of overheating [%] - 5.0 - - - 

 

The cooling system is not really necessary in UK. The cooling demand is almost zero and the 
frequency of overheating is only 5 %. But this is for an average temperature year and since there 
occurs overheating, a cooling system is to prefer to maintain a comfortable indoor climate.   

 

6.1.5 Simulation of ECO Silver House in Italy 

In Table 20 the results for comparing different energy sources that is common in Italy together with 
the local regulations and recommendations are presented.  

Table 20 Comparision between common energy sources in Italy 

 DH Gas Oil 

Annual heating demand [kWh/(m
2
·year)] 1 1 1 

Heating load [W/m
2
] 5 5 5 

Annual cooling demand [kWh/(m
2
·year)] 18 18 18 

Cooling load [W/m
2
] 7 7 7 

Primary energy [kWh/(m
2
·year)] 93 94 93 

 

In Italy, all requirements for the passive house standard are fulfilled. The annual cooling demand is 
the only values that is close to the limit but is still within the limits because of the factor of 
dehumidification that is about 4 kWh/(m²·year) in Italy. As shown in the table there is almost no 
change in the primary energy when changing the energy source for the heating in Italy. This is both 
because the heating demand is so small and also because the primary energy factors for all the 
energy sources is almost the same. Because of the large amount of nonrenewable fuel sources for 
district heating the factor are almost the same as for natural gas and oil.  

Italy is tested for no cooling, a different heat exchanger with higher efficiency, lower air tightness of 

the thermal envelope and a higher electricity use. In Table 21, the results are presented.  
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Table 21 National regulations with district heating as a heating system, compared with different factors that affect the 
result for Italy 

 Italian 
regulations, DH 

No 
cooling 

Better heat 
exchanger 

0.42 h
-1

 Swedish 
electricity use 

Annual heating demand 
[kWh/(m

2
·year)] 

1 1 1 1 1 

Heating load [W/m
2
] 5 5 5 5 5 

Annual cooling demand 
[kWh/(m

2
·year)] 

18 18 18 18 18 

Cooling load [W/m
2
] 7 7 7 7 7 

Primary energy 
[kWh/(m

2
·year)] 

93 - 91 92 103 

Frequency of overheating [%] - 42 - - - 

 

In Italy it is not an option to remove the cooling system from the building. The analysis showed that 
the indoor temperature exceeds 25°C 42 % of the year, compared to the acceptable value of 10 %. To 
change the heat exchanger does not make any great impact because of the low heating demand. 
Neither does the reduction of the air tightness at pressure test. The raised electricity use does not 
affect anything else but the primary energy which is noticeable rose but still below the limit of 
passive houses.  

 

6.1.6 Simulation of ECO Silver House in Croatia 

In Table 22 different energy sources are compared together with the local recommendations and 
regulations for Croatia.  

Table 22 Comparision between common energy sources in Croatia 

 DH Natural gas Oil 

Annual heating demand [kWh/(m
2
·year)] 12 12 12 

Heating load [W/m
2
] 11 11 11 

Annual cooling demand [kWh/(m
2
·year)] 7 7 7 

Cooling load [W/m
2
] 7 7 7 

Primary energy [kWh/(m
2
·year)] 115 116 117 

 

In Croatia the requirements for the annual heating demand, the cooling demands and the primary 
energy is fulfilled to meet the passive house standard. The heating load is not but since the annual 
heating demand is meeting the requirements, the building can still be classified as a passive house. 
As shown in the table above there is no greater difference in the primary energy between the fuel 
sources for Croatia.  

As well as in Austria there are sometimes solar heating of the DHW. The result of that together with a 

better heat exchanger, testing the overheating frequency, the electricity use recommended in 

Sweden and the air tightness also recommended in Sweden are shown in Table 23.  
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Table 23 National regulations with district heating as a heating system compared with different factors that affect the result 
for Croatia 

 Croatian 
regulations, DH 

Better heat 
exchanger 

Solar 
DHW 

No 
Cooling  

Swedish 
electricity use 

0.42 
h

-1
 

Annual heating demand 
[kWh/(m

2
·year)] 

12 11 12 12 12 12 

Heating load [W/m
2
] 11 10 11 11 11 10 

Annual cooling demand 
[kWh/(m

2
·year)] 

7 7 7 - 7 7 

Cooling load [W/m
2
] 7 7 7 - 7 7 

Primary energy 
[kWh/(m

2
·year)] 

115 111 107 - 138 114 

Frequency of overheating 
[%] 

- - - 30.8 - - 

 

Compared to the basic case of the Croatian regulations, a different heat exchanger will both get the 
annual heating demand and the heating load to reach the limit of passive houses. The solar DHW till 
reduce the primary energy with almost 10 kWh/(m2·year). The cooling has to occur in the building to 
prevent overheating almost 31 % of the time.  

 

6.1.7 Summary results from PHPP 

The result for the national regulations with district heating as energy source is summarized in Table 
24 for each country respectively.  

Table 24 Energy use for the building in the different countries 

 Slovenia Sweden Austria (center of Vienna) UK Italy  Croatia 

Annual heating demand [kWh/(m
2
·year)] 19 30 18 13 1 12 

Heating load [W/m
2
] 13 16 13 8 5 11 

Annual cooling demand [kWh/(m
2
·year)] 2 - 3 0 18 7 

Cooling load [W/m
2
] 7 - 8 3 7 7 

Primary energy [kWh/(m
2
·year)] 105 133 115 118 93 115 

Frequency of overheating [%] - 2.6 - - - - 

 

Sweden is the country which has the highest energy use in all measurements and does not need any 
cooling. But the building will be overheated 2.6% of the time. The second most energy consuming is 
when the building is placed in Slovenia. If the house is placed in Vienna the annual heating demand 
differs from 18 to 20 kWh/m2. The countries wherein the ECO Silver House meets the energy demand 
for passive house standards are UK, Italy and Croatia. UK and Croatia is near the passive house limit 
of heating while Italy on the other hand almost does not need any heat at all but instead are near to 
exceed the limit of cooling.  
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6.1.8 Optimization of insulation and energy saving measures 

The results when changing the thickness of the insulation of the exterior walls are presented in the 
following section.  

 

6.1.8.1 UK 

Since the house is fulfilling the passive house standard in this country there would not be necessary 
to have more insulation. On the other hand less insulation can be used and at the same time meet 
the passive house standard. Different thickness of the insulation has been tested and the result is 
shown in Table 25.  

Table 25 UK’s energy use for different thicknesses of the insulation of the walls  

 Half the thickness of the insulation in the exterior walls 50 mm 

Annual heating demand [kWh/(m
2
·year)] 15 19 

Heating load [W/m
2
] 9 10 

Annual cooling demand [kWh/(m
2
·year)] 0 0 

Cooling load [W/m
2
] 3 3 

Primary energy [kWh/(m
2
·year)] 120 124 

 

By halving the insulation on all exterior walls, passive house standard can still be met. By reducing 
the insulation of all exterior walls to 50 mm the annual heating demand is the same as for ECO Silver 
House.  

 

6.1.8.2 Austria 

To reach the passive house standard in Austria there needs to be some energy saving measures. By 
only changing the thickness of the insulation in the building the passive house standard may not be 
met because more insulation will lead to a higher cooling demand.  To reach the passive house 
standard two cases are tested. Case 1 represents 3 times insulation of the exterior walls than for ECO 
Silver House and 2 times the thickness of the insulation of the roof. Case 2 represents the best heat 
exchanger in PHPP, with an efficiency of 93 %, and an extra insulation of 10 cm on each ambient wall 
added to the original building. The result is shown in Table 26.  

Table 26 Austria’s energy use for different thicknesses of the insulation of the walls 

Austria Case 1 Case 2 

Annual heating demand [kWh/(m
2
·year)] 15 15 

Heating load [W/m
2
] 12 12 

Annual cooling demand [kWh/(m
2
·year)] 3 3 

Cooling load [W/m
2
] 8 8 

Primary energy [kWh/(m
2
·year)] 109 106 

 

As shown in the table both results are meeting the passive house standard. Case 2 is a bit better 
because the primary energy and the weighed energy are lower than in case 1. 3 times insulation in 
the walls means that the insulation is between 450 to 600 mm and the thicknesses of the insulation 
in the roofs are between 240 and 320 mm. The thickness is a bit high but still reasonable. 
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6.1.8.3 Sweden 

The heating demand when placing the ECO Silver House in Sweden is almost twice as high as 
compared to the passive house standard. For the building to meet the Swedish passive house 
standard major changes are required which include changes on the thermal envelope.  

When raising the thickness of the insulation the annual heating demand and the heating load 
reduces just a little. An insulation of 1 meter of every exterior wall and roof will give the result in the 
first column in Table 27 which is still far from the limit of passive standard. Also more than 1 meter of 
insulation is unreasonable. If the insulation will increase further there needs to be cooling in the 
building.  

To reach the goals of passive houses another case is tested, see the results in Table 27. Case 2 means 
that there are 1 meter insulation of every exterior wall and roof and that a better heat exchanger is 
used. The g-value is changed to 60 % and the windows has a Ug-value of 0.35 W/(m²·K) which results 
in Utot = 0.72 W/(m²·K).  

Table 27 Sweden’s energy use for energy efficiency measures 

 Case 1 Case 2 

Annual heating demand [kWh/(m
2
·year)] 22 14 

Heating load [W/m
2
] 13 11 

Annual cooling demand [kWh/(m
2
·year)] - 2 

Cooling load [W/m
2
] - 7 

Primary energy [kWh/(m
2
·year)] 126 120 

Frequency of overheating [%] 0.7 - 

 

By only changing the insulation thickness of the building it is not possible to reach passive house 
standard in Sweden. To achieve the passive house standards several energy efficiency measures need 
to be incorporated. However, when increasing the thickness of the insulation there will be less heat 
leakage from the house, which results in a cooling demand during the summer month. In case 2 
there will be overheating 13.8 % of the time if there is no cooling system. 

Even though it is possible to reach the passive house standard in theory it is not profitable in reality. 
The cost of the windows needed for having the tested U-values will be expensive and not economical 
profitable. 

If the input data are the same as in case 2, except the thickness of the insulation, there will be 
overheating 10 % of the time if there are 200 mm insulation on every exterior wall and roof. This 
means that cooling is needed if the insulation is thicker than 200 mm.  

 

6.1.8.4 Italy 

There is almost no need of heating in Italy so by reducing the insulation the passive house standard 
can be met and at the same time reduction of the cooling can be done. The result when simulating 
for different thicknesses of the insulation is shown in Table 28.  
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Table 28 Italy’s energy use for different thicknesses of the insulation of the walls 

 50 mm 5 mm 2 mm No insulation 

Annual heating demand [kWh/(m
2
·year)] 3 15 19 22 

Heating load [W/m
2
] 7 14 16 17 

Annual cooling demand [kWh/(m
2
·year)] 17 17 17 17 

Cooling load [W/m
2
] 8 8 9 9 

Primary energy [kWh/(m
2
·year)] 94 105 109 113 

 

The thickness of the insulation can be reduced to as low as 5 mm and still meet the passive house 
standard. But with that, the energy demand is raised in every aspect except the annual cooling 
demand which is about the same. With 2 mm of insulation the energy demand is similar to ECO Silver 
House placed in Slovenia.  

 

6.1.8.5 Croatia 

Also in Croatia the passive house standard is met and a reduction in insulation is possible. The result 
when changing the thickness of the insulation to half of the initial thickness (100 - 200 mm) is 
presented in Table 29.  

Table 29 Croatia’s energy use for different thicknesses of the insulation of the walls 

 New thickness of the exterior wall 

Annual heating demand [kWh/(m
2
·year)] 15 

Heating load [W/m
2
] 12 

Annual cooling demand [kWh/(m
2
·year)] 6 

Cooling load [W/m
2
] 7 

Primary energy [kWh/(m
2
·year)] 117 

 

The passive house standard could be met even by reducing the insulation thickness by 50% (75-100 
mm) on all the exterior walls. If every exterior wall has an insulation of 50 mm, the building get the 
same annual heating demand as Slovenia with a little higher heating load and primary energy.  

 

  



42 
 

6.2 IDA ICE 

The results when simulating the building in IDA ICE are presented in this chapter. The result is valid 
for Sweden and Slovenia and they will be compared to the results in PHPP.  

 

6.2.1 Simulation of ECO Silver House in Slovenia 

The annual heating demand for the model placed in Ljubljana, Slovenia is 17.7 kWh/m2. The 
distribution of the heating effect for the district heating over the year is shown in Figure 15.  

 

Figure 15 Effect from district heating over a year for Slovenia 

In the figure it shows that there is almost no heating needed during the summer months. The peak of 
needed heating occurs at the beginning of February.  

The cooling demand is 8.3 kWh/m2. The distribution of the cooling effect is presented in Figure 16.  

 

 

Figure 16 Cooling effect over a year for Slovenia 

It is shown in the figure that the cooling is not needed during the winter months and has a peak in 
June.  

The primary energy for the building located in Slovenia can be calculated to 105.2 kWh/m2 with the 
primary energy factors from PHPP.  
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6.2.2 Simulation of ECO Silver House in Sweden 

When placing the model in Sweden the annual heating demand is 30.4 kWh/m2. The heating effect 
over the year from the district heating is presented in Figure 17.  

 

 

Figure 17 Effect from district heating over a year for Sweden 

The distribution is about the same as for Slovenia but with a slightly longer heating period during the 
winter.  

The cooling effect over a year is presented in Figure 18. The total energy need for cooling is 9.1 
kWh/m2. 

 

 

Figure 18 Cooling effect over a year for Sweden 

The distribution of the cooling effect is also similar to the distribution in Slovenia.  

With the primary energy factor for Sweden the primary energy can be calculated to 159.5 kWh/m2.   
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7 Discussion 
In this chapter the results will be discussed and a comparison between the results from the different 
programs will be done. Also some sources of errors and further improvements of the thesis will be 
discussed.  

 

7.1 PHPP 

To summarize the results from the simulation in PHPP it can be stated that placing the ECO Silver 
house and reach passive house standard is possible in three of the five countries tested. In UK and 
Italy passive house standard are met. In Croatia the standard is met for the annual heating demand, 
the cooling demands and also for the primary energy demand but fails on the heating load with 1 
W/m2. Since the requirements for the European passive house standard allow either the annual 
heating demand or the heating load to exceed the limit and still can be certified as a passive house 
also the building placed in Croatia will pass. When placing the building in Vienna in Austria, it is close 
to meeting the passive house standard in some regions of the city. The building would not pass as it 
is today but with some modifications, as changing the thickness of the insulations and changing the 
heat exchanger, it is possible to reach passive house standard. When it comes to placing the building 
in Sweden it is not possible since both the annual heating demand and the heating load is exceeding 
the limit of passive house standard. When installing energy efficiency measures such as better heat 
exchanger of the ventilation rate and adding more insulation to the ambient walls and roof together 
with windows with better U-values the energy use is reaching the passive house standard also in 
Sweden. Even though it does it is not possible to place this particular building there because of 
unreasonable thick insulation of the ambient walls and because of the difference in price between 
the windows.  

In England and especially in Italy there is such low energy demand that the insulation of the exterior 
walls can be reduced. In Italy almost no insulation is needed and still passive house standard is 
fulfilled. The thick insulation contributes to a higher cooling demand since the walls are keeping the 
heat inside of the building so in some cases there can be a winning in both material costs and savings 
in energy for cooling. In this case the change in the cooling demand is very small in relation to the 
reduction of the insulation so no optimal insulation thickness for the cost can be found.  

  

7.2 IDA ICE 

When simulating a model of the building in IDA ICE neither the building located in Sweden or 
Slovenia pass the passive house standard. That is consistent with the result from PHPP and the 
building placed in the two countries has very similar energy use as the result from PHPP.  

 

7.3 Comparison between the results from PHPP and IDA ICE 

When comparing the results from PHPP and IDA ICE some values are different and some values are 
similar. The annual energy demand for Sweden is the same except some potential rounding errors 
and this result for Slovenia only vary 1 kWh/m2.  

The cooling demand is much higher for both countries. Slovenia has a difference in the cooling 
demand of 6 kWh/m2 and Sweden goes from not needing any cooling at all to a demand of 9.1 
kWh/m2. A lot of reasons could affect this. For example in IDA ICE no extra shading were set for the 
windows which could lead to overheating during the summer. Maybe the greatest reason why the 
results differ is the model itself. When recreating the model of the building a lot of simplifications 
were done which lead to difference in the areas. The window area is the same but the temperate 
area in the model is greater than in PHPP as well as the area of the exterior walls. This leads to a 
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higher energy gain from the solar radiation while the specific transmission heat losses are lower 
because of the smaller area.  An explanation to why the cooling demand is higher in Sweden than 
Slovenia is that the electricity use is higher in Sweden and therefore contributes to more internal 
heat. Since the electricity use is assumed to be constant over the year there will be excess of heat 
during summer.  

The primary energy is 105 and 160 kWh/m2 for Sweden and Slovenia respectively. The same values 
from PHPP are 105 and 133 kWh/m2. The difference between the results from the two programs is 
rather big for Sweden and is a result of the cooling demand which is much higher.  

 

7.4 Other high-rise passive houses around Europe 

There are some other low energy high-rise buildings in Europe. It is mostly in some countries in 
central Europe (Austria and Germany) that has those kinds of buildings but it is shown that it is 
possible to build high-rise passive houses even in the Scandinavian countries. While the energy 
demands is getting more strict in the European countries and more and more people are moving into 
cities I think it will come naturally to build more high-rise passive houses in the future when it is 
proved to be possible.  

 

7.5 Sources of errors 

When I started this project I got a PHPP file of the ECO Silver House with parameters used for 
Slovenia. The program is rather easy but has a lot of parameters that could be changed. The most of 
the input data are the same as for the original file but different parameters that can vary from 
country to country. Those things that can affect the accuracy of the result are the regulations and 
requirements in every country. In Sweden there is an own detailed system for classifying passive 
houses which includes the value of domestic hot water use, the ventilation rate and the electricity 
use that should be used as standard values when calculating the total energy demand. The input 
parameters for those standard values in Sweden are not developed in the same way in the other 
countries. Because of that, statistic values of the domestic hot water use are used for each country. 
The electricity demand is assumed to be the same as for Slovenia as well as the ventilation rate. This 
can give a less accurate result when the input data is based on statistics and average values not 
designed for each country in particular.   

 

7.6 Further improvements of the thesis 

If I had had more time the model in IDA ICE could have been improved for a more accurate result to 
compare with the simulations in PHPP. Also more countries could have been investigated to see if it 
is the same magnitude of the results between the countries. This part of the project had very little 
time and a lot of simplifications of the model had to be done do finish the project in time.  

One thing that at one point were planned to be investigated in this study was to make a life cycle 
cost and a life cycle analysis of the building when changing the concrete building body into wood. It 
early appeared that it was very complicated and time consuming and also out of the energy area 
when that assignment is more suitable for a building engineer. Therefore this task was cancelled 
early. It would have been interesting to find out if it is possible to build a similar house in wood and 
to see the consequences on the energy use and the price.  
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8 Conclusion 
To summarize the work it is possible to place ECO Silver House in some Countries around Europe 
according to PHPP. When adapting the local regulations to the different countries in the study UK, 
Italy and Croatia are fulfilling the European passive house standard. The demands can be reached 
also in Austria with some modifications but in Sweden it is not profitable to build this particular 
building.  

Even though it is not possible to place this particular building in Sweden and probably not in the rest 
of Scandinavia either it is proved by the building “Seglet” that it is possible to build high-rise passive 
houses also in those places.  

There are some small differences between the results from the two simulating programs which 
mainly depend on the simplified model in IDA ICE. The results from the two simulating programs are 
very similar for each country respectively but because of the sources of errors, especially the 
difference in the building model, the actual result for the ECO Silver House can differ.  
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10 Appendix 
In appendix the data needed for performing the simulations are presented.  

 

10.1 A. Sheets from PHPP, input data 
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10.2 B. IDA ICE input data 

 

Wind driven infiltration airflow rate  5812.387 l/s at 50.000 Pa  

Building envelope  Area [m2]  U [W/(K m2)]  U*A [W/K]  % of total  

Walls above ground  3627.01  0.16  581.41  18.94  

Walls below ground  0.00  0.00  0.00  0.00  

Roof  1571.59  0.11  173.82  5.66  

Floor towards ground  1571.59  0.00  0.78  0.03  

Floor towards amb. air  0.00  0.00  0.00  0.00  

Windows  3151.52  0.73  2313.22  75.37  

Doors  0.00  0.00  0.00  0.00  

Thermal bridges  
  

0.00  0.00  

Total  9921.71  0.31  3069.23  100.00  

 

Thermal bridges  Area or Length  Avg. Heat conductivity  Total [W/K]  

External wall - Internal slab  4784.48 m  0.000 W/(K m)  0.000  

External wall - Internal wall  0.00 m  0.000 W/(K m)  0.000  

External wall - External wall  224.43 m  0.000 W/(K m)  0.000  

Window perimeter  7560.34 m  0.000 W/(K m)  0.000  

External door perimeter  0.00 m  0.000 W/(K m)  0.000  

Roof - External wall  217.74 m  0.000 W/(K m)  0.000  

External slab - External wall  211.19 m  0.000 W/(K m)  0.000  

Balcony floor-External wall  0.00 m  0.000 W/(K m)  0.000  

External slab - Internal wall  0.00 m  0.000 W/(K m)  0.000  

Roof - Internal wall  0.42 m  0.000 W/(K m)  0.000  

External wall - Inner corner  89.23 m  0.000 W/(K m)  0.000  

Total envelope  9915.90 m2  0.000 W/(K m2)  0.000  

Extra losses  -  -  0.000  

Sum  -  -  0.000  
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Windows  
Area 
[m2]  

U Glass [W/(K 
m2)]  

U Frame [W/(K 
m2)]  

U Total [W/(K 
m2)]  

U*A 
[W/K]  

Shading 
factor g  

N  365.36  0.60  1.00  0.73  268.17  0.46  

E  1195.13  0.60  1.00  0.73  877.23  0.46  

SE  247.06  0.60  1.00  0.73  181.34  0.46  

SW  278.08  0.60  1.00  0.73  204.11  0.46  

W  567.87  0.60  1.00  0.73  416.81  0.46  

NW  498.02  0.60  1.00  0.73  365.55  0.46  

Total  3151.52  0.60  1.00  0.73  2313.22  0.46  

 

Air 
handling 

unit  

Pressure head 
supply/exhaust 

[Pa/Pa]  

Fan efficiency 
supply/exhaust [-/-]  

System SFP 
[kW/(m3/s)]  

Heat exchanger temp. 
ratio/min exhaust 

temp. [-/C]  

AHU  600.00/400.00  0.60/0.60  1.00/0.67  0.56/1.00  

 

DHW use  L/per occupant and day  No. of persons  Total, [l/s]  

 
39.500  367.700  0.168  
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10.3 C. Drawings of ECO Silver House 

  

 

 


