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Abstract 
This thesis is part of the major EU project EE-Highrise. The main objective of the EU project 

is to investigate high-rise buildings in different climates considering energy use, sustainability 

and cultural and economic differences in different countries. A demo high-rise building has 

been built in the capital of Slovenia.  

The purpose of this thesis was to build a model of the demo building in the simulation program 

IDA Indoor Climate and Environment. The model’s energy performance was then to be 

simulated in three different regions: Scandinavia, Central Europe and in the Mediterranean. 

Improvements to the climate shell and the ventilation system were to be examined and the 

results were then to be compared to European and Swedish Passive House certification 

schemes.  

A model was built in the simulation program IDA Indoor Climate and Environment according 

to the provided drawings of the demo building in Slovenia. Most of the building’s parameters 

were provided by the project group in Slovenia. When specific parameters were missing or 

difficult to motivate, standardized values were assumed. The model was modified into five 

cases: the base case, increased insulation of the external walls, improved glazing and frames 

for the windows, increased effective heat recovery efficiency and a combination of the energy 

saving measures. The model’s energy performance was then simulated at five different 

locations: Naples in Italy, Ljubljana in Slovenia, Malmo in southern Sweden, Karlstad in the 

middle of Sweden and Kiruna in the northern Sweden.  

When comparing the results to the requirements for the European Passive House certification, 

none of the investigated cases met the requirements due to a too large primary energy demand. 

However, if the requirement regarding the primary energy demand were to be disregarded, then 

the building in Slovenia would pass the requirements with an increased effective heat recovery 

efficiency for the ventilation system. Also the building in southern Sweden would pass the 

requirements with a combination of increased insulation for the external walls, improved 

windows and increased effective heat recovery efficiency.  

The Swedish Passive House certification would be fulfilled for the models in Malmo and 

Karlstad with an increased effective heat recovery efficiency, while the model in Kiruna did 

not pass the requirements. However, with a combination of the energy saving measures the 

model in Kiruna came very close to meeting the requirements.   

The conclusion was that an increased effective heat recovery efficiency had the largest impact 

on the building’s space heating demand and that improving the windows increased the cooling 

demand in Naples by a large amount.  
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Nomenclature and definitions 
High-rise building The definition of a high-rise building is that it has a height between 

35 and 100 meters or consists of between 12 and 39 floors of 

unknown height. This definition is in accordance to ESN 18727 [1]. 

Final energy The final energy is the energy being supplied to the final customer. 

It does not include the energy consumed during transformation or 

distribution.   

PHPP The Passive House Planning Package is an excel-based simulation 

tool where the building’s parameters are entered and are evaluated 

according to the European Passive House certification.  

PEF A Primary Energy Factor is a coefficient which indicates the 

efficiency of a process from the primary energy source to the final 

energy. 

U-value The U-value is a measurement of the amount of heat being 

transported through a part of a building per square meter and at one 

degrees difference between the inside and the outside of the 

building. The unit is W/m2K. 

Climate shell The climate shell is a collection name for all the building elements 

designed to keep the heat from escaping the building. For example 

the external walls, roof, ground floor, outer doors and windows. 

Total Treated Floor Thermally regulated areas designed to be kept at a temperature 

above 10 ℃ and located within the building envelope.  

Thermal bridge  A thermal bridge is a construction part in a building that has a larger 

heat conducting ability than the surrounding building components. 

DHW Domestic Hot Water is the heated water used for domestic purposes.  

ACH Air changes per hour describes the amount of times the air in a room 

or building is designed to be exchanged in an hour.  

Qtot The Heat Loss Coefficient is the buildings total heat losses through 

transmission, ventilation and infiltration. The unit is W/m2K. 

DWOT The Design Winter Outdoor Temperature is the mean outdoor 

temperature during the coldest day of a typical year at a certain 

location.  

𝜏 The building’s Time Constant is a measurement of the building’s 

thermal capacity. The unit is either in hours or days.  
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1. Introduction 
The global demand for primary energy is increasing and so are the associated CO2 

emissions. It has been estimated that the residential buildings in Europe account for up to 

26 % of the final energy consumption [2, 3]. This problem calls for cost-effective 

technologies. In 2008 the European Union stated that it aims to achieve the following [4] 

by the year of 2020: 

 A reduction of the greenhouse gas emissions in the EU by 20 % 

compared to the levels of 1990; 

 Increase the share of EU energy consumption produced from 

renewable resources to 20 %; 

 An improvement of the EU’s energy efficiency in the EU by 20 %.  

The Energy Performance of Buildings Directive of 2010 [5] and the Energy Efficiency 

Directive of 2012 [6] states that member states of the European Union are bound to 

implement energy efficiency measures for buildings.  

To achieve this, the energy efficiencies have to be improved in a number of areas. Both 

the energy used in the building process and during the operational phase of the general 

building have to be reduced if the goal is to be met within the time frame. The primary 

energy used during the operational phase can be reduced by building very energy efficient 

buildings according to certain certifications and standards. Furthermore, rising 

urbanization has led to the increase of multi residential high-rise buildings. If more of 

these buildings could be adapted to meet low energy standards, a large part of primary 

energy used during the building sectors’ operational phase could be saved.   

1.1. EE-Highrise and the demo Eco Silver House 
This thesis is part of a major EU project, EE-Highrise, which aims to investigate high-

rise buildings in different climates considering energy use, sustainability and cultural and 

economic differences between countries.   

The EU project EE-Highrise is part of the European 7th Framework Research Program 

(FP7-ENERGY). It started in the beginning of 2013 and is scheduled to be completed at 

the end of 2015. The main objective of the project is to demonstrate and validate new 

technologies, concepts and systems with the purpose to contribute to EUs energy and 

climate change policy [7, 8]. The consortium consists of a total of 10 partners: Six small 

to medium-sized enterprises including two architectural bureaus, a R&D and consultant 

organisation, a construction cluster and two universities.  

In order to demonstrate and test the new technologies and concepts, a demo building has 

been built in the capital of Slovenia. The demo Eco Silver House is a high-rise building 

consisting of 17 floors, of which four are basement floors, covering a total surface area 

of 23 455 m2. The net heated residential area is 12 870 m2 and comprises a total of 128 

apartments [7]. The general approach during the development of the building has been to 

consider all its elements with the purpose to increase the energy efficiency and 

sustainability of the building. As a result, the building features a very efficient water and 

waste management system, heat recovery technologies, enhanced systems for energy 

behavior monitoring demand response and load control systems [7]. The objective of 
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Umeå University is to develop regional specific models of the demo high-rise building 

for Mediterranean, Central European and Scandinavian climates.      

 

Figure 1: A virtual image of the demo Eco Silver House in Slovenia which is the demo building in this project 

[7]. 

1.2. Objectives  
The objective of this thesis is to build a model of the demo Eco Silver House in the 

simulation program IDA Indoor Climate and Environment and to simulate the 

performance of the model in three different regions: Scandinavia, Central Europe and in 

the Mediterranean. The results from these simulations are then to be compared to the 

requirements for the European and the Swedish Passive House certification. 

Improvements to the climate shell and the ventilation system are then to be examined 

depending on the results. The purpose is to contribute to the deliverables of Umeå 

University. 

1.3. Limitations 
The number of locations being evaluated in this project has been limited to five cities. 

 Ljubljana, Slovenia (Central Europe) 

 Naples, Italy (Mediterranean) 

 Malmo, Sweden (Southern Scandinavia) 

 Karlstad, Sweden (Mid Scandinavia) 

 Kiruna, Sweden (Northern Scandinavia) 
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2. Literature study 
In the beginning of this project, a brief literature study was conducted. The purpose of the 

study was to gain insight on the status for research in this field of work. The subjects that 

have been studied in this literature study are Primary energy factors, Passive House 

certification, and Embodied energy.  

2.1. Primary energy factors 
Primary energy is the total amount of energy used in a specific process and all the steps 

leading to the final product. For example, when estimating the amount of energy used to 

produce the electricity used in a building, one would have to consider all the steps needed 

to produce it. If it is assumed that the electricity is produced by a fossil-fueled power 

station, then the energy used in the following steps would have to be considered: 

1. Extracting the fuel. 

2. Processing the fuel, enhancing its quality. 

3. Transporting the fuel to the power station. 

4. Producing the electricity.  

5. Distribution to the facility. 

6. Final energy. 

To calculate the amount of primary energy used in a specific process, a primary energy 

factor is used. A primary energy factor (PEF) is a coefficient which indicates the 

efficiency of a process from the primary energy source to the final product. With this 

coefficient, the total primary energy used to produce the final product can be calculated 

by summarizing the products of the amount of energy used in a process and its 

corresponding PEF [9]. 

There are many advantages from analyzing the amount of primary energy consumed in a 

process. First of all, the field of interest is expanded to include the source of the energy 

used and the efficiency of the processes needed to produce the energy of the final form. 

Secondly, it provides an excellent tool for comparing the environmental impact of 

buildings in countries or regions with different energy systems. This is the reason why 

primary energy is frequently used in legislations, standards [10] and scientific 

publications [9].  

The values for the PEFs are naturally varying, as they are highly dependent on the 

variations within the energy systems, while constant values tend to be used in legislations, 

scientific analyses or standards [10]. This can be a problem as these variations of the 

values of PEFs can be a major source of error [11, 2, 12].  

A possible solution to this problem has been suggested by Wilby et al. [9]. The presented 

solution provides an alternative method to calculate PEFs empirically from annual 

statistic data and utilizing an Energy Network (EN) to display and store the data. An EN 

is an analysis tool which provides a graphical representation of a country’s or a regions 

complete energy system regarding primary energy sources, final energy forms, 

efficiencies and consuming sectors [9]. If the values are updated annually, the ENs would 

provide a tool to evaluate the changes in an energy system over time, indicating 

calculation errors or which measure a region or a country should take in order to reduce 

its overall PEFs [9]. 
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2.2. The Passive House certification 
The residential buildings in Europe consume up to 26 % of the final energy consumption 

[2, 3]. A way to promote the progress towards a more energy efficient approach is to 

implement standards and certifications. The Passive House certification was developed 

in Germany during the early 1990s [2] with the purpose to reduce the buildings energy 

consumption during its operational phase. Since then, it has been adopted by other 

countries in Europe and is now considered the European Passive House certification and 

is managed by the Passive House Institute [13].  

The definition of a passive house is that the building is to require a minimum of external 

energy for space heating and domestic hot water. This is achieved by increasing both the 

quantity and the quality of the material used to construct the building in order to utilize 

the energy gained from internal gains. Sources for internal gains can be heat from the 

occupants, cooking, electrical appliances, electrical lightning and insolation. The 

European passive house requirements can be seen in Table 1: 

Table 1: The Requirements for the European Passive House certification [12]. 

Requirement Value Unit 

Max. Space Heating Energy Demand 15 kWh/m2 

Max. Space Heating Demand 10 W/m2 

Max. Cooling Demand 15 kWh/m2 

Max. Primary Energy Demand 120 kWh/(m2, year) 

Min. Airtightness at 50 Pa 0,6 ACH 

 

In order to pass the requirements for space heating, only one of the first two requirements 

have to be met: either the maximum space heating energy demand or the maximum space 

heating load. 

In order to protect the reputation of the Passive House certificate, a soft criteria regarding 

the general quality of the building also has to be met. This criteria has been implemented 

to ensure that the buildings receiving the Passive House certificate are of the desired 

quality regarding thermal comfort, user satisfaction, structural integrity and efficiency 

[14]. The thermal comfort is to be evaluated according to the ISO 7730 standard [15]. A 

couple of examples of deficits that would jeopardize the compliance with the soft criteria 

are shown in Table 2. 
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Table 2: Examples of deficits that would jeopardize the compliance with the soft criteria [13]. 

Thermal comfort User satisfaction Structural integrity Efficiency 

High overheating 

frequency 

Fixed windows that 

cannot be opened 

Low surface 

temperatures 

(condensation) 

Low electrical 

efficiency and heat 

recovery rate of the 

ventilation unit 

Large temperature 

differences in the room 

No possibility for 

manual regulation of air 

exchange, heating, 

shading and lightning 

High Water-Activity 

values indicating an 

increased presence of 

microorganisms. 

Under-insulation of 

distributing pipes 

Draughts  Wall structure/details 

critical in terms of 

buildings physics 

High domestic 

electricity demands 

Cold air descent  Extreme disbalance of 

ventilation unit (at the 

building envelope) 

Large energy 

demands for 

heating and DHW 

Supply air that is too 

cold 

   

Unventilated rooms    

Extreme air change rates 

(Low or high) 

   

Insufficient air filter 

quality 

   

Noisy ventilation units    

 

In case of doubt, clarifying 

documentation must be provided. The 

building cannot be certified if concerns 

remain. 

While a lack of 

efficiency in 

specific areas must 

be recorded in the 

certificate, this 

does not exclude 

certification. 

 

Sweden has adapted a modified model of the European Passive House certification due 

to its oblong shape and the differences in the climates between the south and the north 

parts of the country. Three climate zones have been implemented, see Figure 2, each with 

specific requirements regarding the thermal performance of the building, see Table 3.  

Table 3: Thermal requirements for the Swedish Passive House certification depending on location [16, 17]. 

 

The annual energy demand is the total amount of energy delivered to the building in a 

year, both in the form of heat and electricity, while the annual heat demand only includes 

the heat needed for the space heating and the domestic hot water. 

The buildings heat loss number (HLN) is an indicator regarding the overall quality of the 

climate shell and ventilation system. It is defined as the buildings total heat losses through 

transmission, ventilation and infiltration during the Designed Winter Outdoor 

Temperature (DWOT) with an indoor temperature of 21 °C [17].  

Requirement Climate Zone 

I 

Climate Zone 

II 

Climate Zone 

III 

Unit 

Max. annual energy demand 130 110 90 kWh/(m2, year) 

Max. heat loss number 17 16 15 W/m2 

Max. annual heat demand 58 54 50 kWh/(m2,year) 
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There is a major difference regarding the definition of the reference 

area for the European and the Swedish Passive House certification. 

The reference area used in the European Passive House certification 

is calculated by summarizing all areas within the thermal envelope 

and weighting them depending on the type of the area in question 

[18]. This means that areas within the boundaries of the apartments 

are included without any modification while areas outside the 

boundaries, for example the hallways, stairs and utility areas, are 

weighted by a factor of 60 %. 

The reference area for the Swedish Passive House certification is 

defined as all areas within the thermal envelope that are heated 

above 10 °C, in accordance to the Swedish Building Code [16, 17, 

19]. It is commonly referred to as the Total Treated Area and it 

includes areas for the internal walls, shafts, utility areas and 

staircases without modifications.  

The Passive House requirements are based on the energy performance 

of the building during its operational phase. However, there are other 

factors that have an equal, and sometimes larger, impact on the total energy demand of 

the building during its life cycle.  For example, the typical Passive House is built as a one-

family house and is usually located in the suburbs whereas the family providers have jobs 

in the center of the cities to which they go by car. This in turn leads to an increased 

primary energy use compared to if the family in question lived in a less energy efficient 

building within the core of the city and went to work by bus or train [2]. Thus an analysis 

regarding the local communications should be considered when building a Passive House, 

regardless of its size, in order to limit the environmental impact.  

The units for the passive house requirements are based on energy unit per m2. This unit 

disfavors passive house certified high-rise building in comparison to the more common 

one-family passive houses. The reason for this deviation is because the one-family house 

has a larger area per capita than the average apartment in a high-rise building. While the 

space heating demand increases with increasing area, the energy demand for cooking and 

other sources for internal gains remains the same which makes it easier for the one-family 

passive house to fulfill the requirement regarding the primary energy demand [2]. A. 

Stephan et al. [2] suggest that a unit based on energy per capita should be inherited as this 

would yield a base for a better comparison between one-family houses and apartments in 

high-rise buildings.  

A conclusion that can be drawn from these discussions is that a modern, energy efficient 

high-rise building, placed in the heart of the city and which fulfills requirements for the 

Passive House certification would offer a good alternative regarding the overall energy 

efficiency. 

Another factor that needs to be considered when modelling a passive house is the indoor 

air quality (IAQ). In order to reduce the building’s energy consumption and meet the 

passive house requirements, adjustments have to be made to the building body in 

comparison to the conventional building [20]. These measures may include increased 

airtightness and reduced ventilation rates, which in turn may lead to Sick Building 

Figure 2: The 

Swedish climate 

zones [43]. 
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Syndrome (SBS) [20, 21]. A study conducted by S. Langer et al. [20], where the IAQ was 

examined in newly built passive houses and conventional buildings, indicating that the 

passive houses had a better IAQ than the conventional buildings. Especially interesting 

was the fact that the presence of mycoflora, which is related mold growth or water-

damage, was greater in the conventional dwellings compared to the passive houses [20]. 

However, the study also suggests that additional studies are needed, preferably on a larger 

group of buildings and over a longer time period, to further verify this conclusion. 

A study conducted by A. Dodoo et al. [22] compared the primary energy consumption of 

passive houses and conventional buildings, with or without ventilation heat recovery 

(VHR). Their results indicated that the amount of primary energy saved by installing a 

VHR had a strong dependence on the building’s type of space heating system and air 

tightness. While the savings were small for buildings with district heating it was 

significantly greater for electrically heated buildings. This shows that the building’s heat 

supply system has to be considered when installing a VHR, since the amount of primary 

energy saved by installing VHR is so strongly dependent on the building’s heat supply 

system [22].   

2.3. Embodied energy 
Embodied energy is the total amount of energy needed to produce a specific product or a 

service. For example, when constructing a building, the processes can be divided into 

three phases, which is shown in Figure 3. Each process is associated with a certain energy 

use whereas the energy used in the manufacturing phase is the buildings embodied 

energy. 

 

Figure 3: The three phases of a building [23]. 
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While the energy used during the Demolition Phase is negligible in relation to the other 

two phases, it can be difficult to calculate or estimate the relation between the energy used 

during the Use Phase and the Manufacturing Phase. In earlier studies [23], it has been 

suggested that a passive house consumes about 80-90 % of its total energy use during the 

Use Phase. However, a more recent study [2], where an input-output hybrid method was 

used to quantify the building’s embodied energy, yielded a contradictory result. The 

results indicate that less than 40 % of the building’s total energy use is consumed during 

the Use Phase and that the embodied energy represented the highest share of the 

building’s energy use [2]. In order to reach the European Energy target of 2020 [4], the 

main focus, so far, has been to reduce the energy used during the Use Phase [20, 24] 

because of its large contribution to the building’s total energy use. If the results from the 

study conducted by A. Stephan et al. [2] are correct, a new approach might be needed to 

reduce the total energy use. For example, the requirements for certifications and building 

standards regarding energy use might need to be reconsidered to include the embodied 

energy.   
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3. Theory 
In this chapter, the theory regarding the calculation of primary energy and the parameters 

used to evaluate the buildings’ thermal performance will be described.  

3.1. Primary energy 
The definition of primary energy can be found in the previous chapter. However, there 

are two conventions for the definition of PEFs [25].  

1. Total primary energy factor: The PEFs include all the energy from the point of 

extraction to the point of use. This ensures that the value of the PEFs always 

exceeds unity. 

2. Non-renewable primary energy factor:  The PEFs include the same energy that as 

the Total primary energy factors, but renewable components are excluded. In this 

case the value of the PEFs may assume a value less than unity.  

The primary energy used in a process is calculated with equation (1). 

𝐸𝑃 = ∑(𝐸𝑑𝑒𝑙,𝑖 ∙ 𝑓𝑃,𝑑𝑒𝑙,𝑖) − ∑(𝐸𝑒𝑥𝑝,𝑗 ∙ 𝑓𝑃,𝑒𝑥𝑝,𝑗) [𝑘𝑊ℎ]  (1) 

where  

𝐸𝑑𝑒𝑙,𝑖 is the delivered energy for energy carrier i [kWh]; 

 𝐸𝑒𝑥𝑝,𝑖 is the exported energy for energy carrier i [kWh]; 

 𝑓𝑃,𝑑𝑒𝑙,𝑖 is the primary energy factor for the delivered energy carrier i; 

 𝑓𝑃,𝑒𝑥𝑝,𝑖 is the primary energy factor for the exported energy carrier j [25]. 

When comparing the primary energy use of buildings in different regions, standardized 

PEFs may be used. In Table 4, standardized values for PEFs are listed in accordance to 

ISO 16346:2013.  

Table 4: Total primary energy factors and non-renewable energy factors for the production of heat or electricity 

[25]. 

 Total energy factor Non-renewable energy factor 

Fossil fuels 1,2 1,2 

Electricity 3,0 2,5 

Log 1,1 0,1 

Liquid biomass and biogas 1,5 0,5 

 

3.2. Passive House certification 
The reference area used for the European Passive House certification is calculated with 

equation (2):  

𝐴𝑇𝐹𝐴 = ∑ 𝐴𝑟𝑒𝑠,𝑖𝑖 + ∑ 𝐴𝑐𝑜𝑚,𝑗𝑗 + ∑ 𝐴𝑢𝑡𝑖,𝑘𝑘 𝑓 [𝑚2]  (2) 

where 

 𝐴𝑟𝑒𝑠 is the area of the apartments, not including the inner walls [m2]; 
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 𝐴𝑐𝑜𝑚 is the area of the commercial areas, not including the inner walls [m2]; 

𝐴𝑢𝑡𝑖 is the area for the halls, stairs and utility areas outside of the 

apartments,  not including elevator shafts [m2]; 

f is the weighing factor the halls, stairs and utility areas outside of the 

apartments.   

The buildings heat loss coefficient (Qtot) is calculated with equation (3) by summarizing 

the building’s heat loss though transmission, ventilation and infiltration: 

𝑄𝑡𝑜𝑡 = ∑ 𝑈𝑖 ∙ 𝐴𝑖𝑖 + 𝜌 ∙ 𝑐𝑃 ∙ 𝑞𝑣(1 − 𝜂) + 𝜌 ∙ 𝑐𝑃 ∙
𝑞50𝑃𝑎

𝑓
 [𝑊/𝐾] (3) 

where 

 Ui is the U-value of component i [W/(m2∙K)]; 

 Ai is the envelope area of component i [m2];   

𝜌 is the density of air [kg/m3]; 

 𝑐𝑃 is the specific heat capacity of air [J/(kg∙K)]; 

 𝑞𝑣 is the average airflow through the ventilation system [m3/s]; 

 𝑞50𝑃𝑎 is the airflow through infiltration at 50 Pa [m3/s] [26, 27]; 

f is a factor that is added to approximate the average infiltration depending 

on the type of ventilation system. It may adopt the value 20 for balanced 

ventilation and 40 for exhaust ventilation [28]. 

The buildings time constant is a measurement of the buildings thermal capacity. It is 

calculated by including the thermal capacity of the climate shell being in contact with the 

indoor air. This includes the inner layer of the roof, the external walls and floor to a 

maximum thickness of 100 millimeters from the heated side of the building element [26, 

19]. The time constant is calculated with equation (4): 

𝜏 =
∑ 𝑚𝑗∙𝑐𝑗𝑗

𝑄𝑡𝑜𝑡
∙

1

3600
 [ℎ]     (4) 

where 

 𝑚𝑗 is the mass of building component j [kg]; 

 𝑐𝑗 is the thermal capacity of the building component j [J/(kg∙K]; 

 𝑄𝑡𝑜𝑡 is the buildings heat loss coefficient, calculated with eq. (3) [26]. 

The Designed Winter Outdoor Temperature (DWOT) is the average temperature of a 

year’s coldest day for a specific location and is used to properly design the buildings space 

heating system. The DWOT can be modified depending on the buildings time constant. 

With a large time constant, the building can withstand colder temperature for a longer 

time before the indoor temperature and comfort is affected and this is implemented in the 

calculations by utilizing a lower DWOT. 
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The Heat Loss Number is an indicator regarding the overall quality of the buildings’ 

climate shell and ventilation system and it is calculated with equation (5): 

𝐻𝐿𝑁 =
𝑄𝑡𝑜𝑡(𝐷𝐼𝑇−𝐷𝑊𝑂𝑇)

𝐴𝑇𝑇𝐴
 [𝑊/𝑚2]   (5) 

where 

 DWOT is the Designed Winter Outdoor Temperature [K]; 

 DIT is the Designed Indoor Temperature [K]; 

 ATTA is the Total Treated Area [m2]; 

 Qtot is the buildings heat loss coefficient, calculated with eq. (3) [17]. 
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4. Method 
In this chapter, the methodology of the project is described. The first part of this chapter 

consists of an introduction of the simulation tool while the general approach regarding 

the choice of parameters including motivations will be presented in the second part of this 

chapter. In the third and final part of this chapter, the measures and a description of the 

sensitivity analysis will be presented.  

At the beginning of this project, the drawings of the building were provided along with a 

PHPP-file containing further information about the buildings parameters. In some cases, 

information regarding certain parameters was missing, or the value could not be motived, 

and for these occasions, standardized values have been applied. 

4.1 The model 
The model has been constructed and simulated in IDA Indoor Climate and Environment 

(IDA ICE). IDA ICE is a Building Energy Simulation (BES) program that is used to 

simulate the indoor climate of buildings regarding operative temperatures, comfort 

indices, humidity, CO2-rates and energy use [24]. During verification, it has been found 

that IDA ICE performed well in comparison to similar BES programs [29, 30, 31].    

4.1.1. Construction of the model 

The model was constructed by implementing a building body for each floor and adjusting 

its size and shape according to the drawings. Balconies were considered to be outside the 

thermal envelope and thus they were not included within the building body. A zone was 

then added for each floor and windows were fitted in accordance to the drawings. In order 

to simplify the model, closely fitted windows were approximated as a single unit. 

Furthermore, the glass walls and doors of the balconies and terraces were approximated 

as windows. An image of the model can be seen in Figure 4.  

 

Figure 4: An image of the model from the east taken from IDA ICE. 
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4.1.2. The climate shell 

The climate shell consists of the roof, windows, the external walls and floors. The main 

source for the information used when constructing the climate shell has been the 

drawings, but certain values, such as the thermal conductivity of specific materials, have 

been extracted from the PHPP-file. The full setup for the roof and the external walls and 

floors can be seen in Tables 7-10 in the Appendix, while the corresponding U-values can 

be seen in Table 5. 

Table 5: U-values for the building elements. 

Building element U-value [W/m2K] 

External walls 0,16 

External floors (facing ambient air) 0,20 

Roof 0,10 

 

The sizes and location of the windows as well as the U-values for the glazing and the 

frames were acquired from the provided drawings. The same type of glazing and frame 

have been used throughout the building. The average ratio between the area of the glazing 

and the area of the frames, also called the frame fraction, was calculated from the 

information in the PHPP-file. This resulted in an average frame fraction of 34 %.   

The frames U-value was defined as 1,28 W/m2K, which included the associated heat 

losses through the windows thermal bridges, and the U-value of the glazing was 0,70 

W/m2K. Combined with the average frame fraction, this resulted in a total U-value of 

0,90 W/m2K for the windows.  

The solar energy transmittance of glass (the window’s g-value) was defined as 0,46 , but 

in order to account for  factors like dirt and manual shading, this value was reduced to 

0,184 in accordance to the values used in the PHPP-file.  

The contributing heat losses through thermal bridges for the whole thermal envelope was 

provided by the PHPP-file. However, the total envelope area defined in the PHPP-file 

was approximately 39 % less than the total envelope area for the model in IDA ICE. To 

make up for this difference, the value was modified so that the total contributing heat loss 

was distributed over the whole thermal envelope of the model in IDA ICE while keeping 

the total contributing energy loss intact.  

4.1.3. Domestic hot water use 

In PHPP, the domestic hot water usage was defined as 25 liters per person and day. When 

compared to standard values used for approximating the hot water usage when measured 

data is unavailable [32, 33], the energy use for this category appear to be too small. Due 

to this, a consumption of 1000 kWh per person and year [32] has been assumed.  

However, the contributing losses from the distribution system of hot water were assumed 

to be corresponding with the absolute values used in PHPP. The total heat losses in the 

distribution system was 9281 kWh per year or 0,04 W/m2.  

4.1.4. Infiltration 

In order to achieve the European Passive House certification, the rate of infiltration must 

not exceed the value of 0,6 air changes per hour (ACH) at 50 Pa and the performance of 

the building has to be verified with an onsite pressure test [13]. As there was no 
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information whether this test has performed on the demo building in Slovenia, the 

maximum allowed infiltration rate has been assumed. Furthermore, a sensitivity analysis 

has been conducted to evaluate the sensitivity of the models results in relation to the 

parameter for the infiltration.   

4.1.5. Ventilation 

The Eco Silver House has a ventilation system with separate air handling units for each 

of the 128 apartments in order to ensure that the apartment owners have full control of 

their energy consumption. However, in order to supply the numerous air handling units 

with fresh air, large main ducts have been installed throughout the core of the building. 

This solution leads to a large energy loss during the building’s heating season when the 

cold, untreated air enters the building, cooling it through the main duct, which has a large 

impact on the effective heat recovery efficiency. The efficiency of the AHUs is 83 %, but 

due to the previously mentioned heat losses in the distribution system of the supply air an 

effective heat recovery efficiency of 49 % is achieved.   

In order to simplify the model, the numerous separate AHUs have been approximated as 

a central AHU. This approach has been proven to be acceptably accurate and saves time 

while simulating [34, 35, 36]. Furthermore, the AHU has been defined as a Constant Air 

Volume system with a constant air flow. This approach is similar to the one used in the 

provided PHPP-file where an average flow has been defined. In reality, the AHU in the 

Eco Silver house is a presence controlled Variable Air Volume (VAV) type of a system. 

The ventilation flow was defined as 0,30 ACH at the inlet while the outlet had an air flow 

of 0,35 ACH. The air flow difference was introduced to give a pressure difference 

between the indoors and the outdoors areas of the building.   

The garage’s ventilation system was kept separate from the rest of the building with 

separate logging of both the energy used for ventilation and for lighting. 

4.1.6. Occupants 

The number of occupants in the building, 368 persons, has been assumed to be the same 

as in PHPP. These occupants were scheduled to be inside the building for an average of 

14 hours a day in accordance to the Swedish industry standard for energy in residential 

buildings [32].  

4.1.7. Equipment 

The household electricity was acquired from the information provided in the PHPP-file 

and included energy used for dishwashing, clothes washing and drying, refrigerating, 

freezing, cooking, consumer electronics and small appliances. The annual energy demand 

was then divided by the total residential area, which can be seen in Table 12 in the 

Appendix, in order to calculate the average power output. On the ground floor there are 

areas reserved for commercial activity. The electricity consumption for these areas has 

been assumed to be 50 kWh/m2 [37]. For both the equipment energy used in the 

commercial and residential part of the building, a utility factor of 70 % was assumed [32]. 

4.1.8. Lightning 

The total annual energy demand for the lighting was defined in the PHPP-file as 11 730 

kWh. In order to calculate the average power demand per square meter of useful living 

area, this annual energy demand was divided by the total heated floor area, which can be 
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seen in Table 12 in the Appendix. This resulted in an average power demand of 0,103 

W/m2 with a 100 % utility factor.  

4.2. Energy saving measures 
This chapter contains the energy saving measures that have been implemented and 

evaluated for the regional models.  

4.2.1. Increased insulation of the external walls 

The thickness of the insulation in the external walls was increased from 200 mm to 400 

mm [38], which in turn improved the total U-value from 0,16 to 0,087 W/m2K. 

4.2.2. Improved windows 

The windows were improved by changing the windows glazing and frame to components 

with better U-values and a lesser frame fraction. The glazing, SGG PLANITHERM 

ULTRA N [39] , was chosen from the Passive House Institutes database of certified 

building component, while the window frame was extracted from the PHPP-files database 

of certified window frames. The U-value was modified to include the thermal bridges of 

the window frame. With this modification, the total U-value for the windows was 

improved from 0,90 to 0,69 W/m2K. 

4.2.3. Increased effective heat recovery of the ventilation system 

The efficiency of the ventilation system’s effective heat recovery was increased from 49,1 

% to 83 %. This change might seem large, but one can argue that it would be possible to 

achieve such improvements by either utilizing a central ventilation system and thus 

heating the air before it enters the building, or by insulating the main ventilation ducts in 

order to reduce the heat loss prior to when the air enters the heat exchangers.   

4.3. Comparison to the European and the Swedish 

Passive House certification 
As previously mentioned, the indoor temperatures and the reference areas differs for the 

European and the Swedish Passive House Certifications. Thus, adjustments had to be 

done to the model, as well as the resulting values, depending on to which certification the 

results was going to be compared. Because of this, two models were created: a European 

model and a Swedish model. The results from the simulations of these models were 

compared to their regions corresponding passive house certification. The method and 

reasoning behind the modifications and calculations are presented in this subchapter.   

4.3.1. Designed Indoor Temperatures 

There are two important set points for each zone in IDA ICE, the heating- and the cooling 

set point, which indicates at which point the heating and the cooling systems are to start 

delivering or extracting heat from the zones.  

The heating set point was defined as 20 °C while evaluating the results for the European 

passive house requirements and 21 °C when evaluating the results to the Swedish passive 

house certification in accordance to [40]. However, the cooling set points were defined 

as 25 °C for both the European and the Swedish model.  

Furthermore, the installed power of both the cooling and the heating systems were set to 

exceed the necessary power output by a large amount in order to avoid possible 

bottlenecks in available cooling or heating.   
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4.3.2. Primary energy and the cooling units COP factor 

The primary energy consumption has been calculated with eq. (1) by assuming the values 

for the PEFs according to the values for electricity and log in Table 4. No produced energy 

was accounted for in PHPP and thus it has not been included in the calculations of the 

total primary energy consumption. Furthermore, the Coefficient of Performance (COP) 

for the cooling units have been acquired from the information in the PHPP-file, yielding 

a COP-value of 3,8.  

4.3.3. Reference area 

The reference area used for the European Passive House certification has been estimated 

by examining the drawings, summarizing the areas of a specific type and using eq. (2) to 

weigh them accordingly. The list of area groups and the corresponding weighing factors 

can be seen in Table 11 in the Appendix. 

For the Swedish model, the reference area was extracted from the IDA ICE model as the 

area of the zones kept above 10 °C, in accordance to the definition of the total treated 

floor area in Chapter 2.  

The resulting reference areas were 11 914 m2 and 16 425 m2 for the European and the 

Swedish model, respectively. 

4.3.4. Heat loss number 

The heat loss number needs to be calculated in order to compare the buildings heat losses 

to the requirements of the Swedish Passive House certification.  

First, the Heat loss coefficient was calculated with eq. (3) by summarizing the heat losses 

through ventilation, infiltration and transmission. The building transmission losses were 

extracted from the model’s Input data sheet in IDA ICE. Then the buildings time constant 

could be calculated with eq. (4). The time constant was then used to extrapolate the 

DWOT from Table 6 in the appendix. Lastly, the building’s heat loss number was 

calculated with eq. (5) and this was done for each of the Swedish locations and each 

energy saving measure.  

4.4. Sensitivity analysis 
In order to investigate the models sensitivity to the values of certain parameters, a 

sensitivity analysis has been conducted for three parameters: the infiltration, the thermal 

bridges and the effective heat recovery efficiency of the ventilation system. The original 

value has been modified in a total of ten steps, both in decreasing and increasing order. 

For each step, the value has been increased or decreased by 10 % in relation to the original 

value and the total heating and cooling demand have been recorded. All simulations were 

done with the climate data for Ljubljana, Slovenia.  

The value for the infiltration was assumed to be the highest value that is allowed for a 

passive house, 0,60 ACH at 50 Pa. As this value might be inaccurate for the real building 

in Slovenia, a sensitivity analysis has been carried out in order to evaluate the impact this 

parameter has on the heating – and cooling demand. 

The thermal bridges have been approximated as a total heat loss through the buildings 

envelope as the information provided in the PHPP-file was insufficient to properly define 

the corresponding values in IDA ICE.  
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The increase of the air handling unit’s efficient heat recovery efficiency is one of the 

measures and as this parameter is the subject of quite an alteration in relation to the 

original value, it was chosen as one of the parameters to be examined in a sensitivity 

analysis.  
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5. Results 
In this chapter, the results from the simulations are presented. The first subchapter 

contains the results and the comparison to the European Passive House certification while 

in the second subchapter a comparison has been made to the Swedish Passive House 

certification. The regional requirements have been marked with a black line to further 

emphasise and simplify the evaluation of the figures. The scenarios being evaluated are 

the following: the base case, 40 cm insulation of the external walls, improved windows, 

83 % effective heat recovery efficiency of the ventilation system and the combination of 

all previously mentioned energy saving measures. Lastly, the results from the sensitivity 

analysis will be presented for the parameters for infiltration, thermal bridges and effective 

heat recovery efficiency.  

5.1. European model 
This subchapter contains the results from the simulations of the European model.  

 

Figure 5: Annual space heating and cooling demand for each location and measure. The requirements regarding 

space heating and cooling demand for the European Passive House certification have been marked as a black 

line.  

In Figure 5, the annual heating (bright) and cooling demand (pale) are being presented 

for the base case and each energy saving measure. The European Passive House 

requirements regarding space heating and cooling demand (15 kWh/m2) have been 

highlighted with a black line. The cooling demand is too high in Naples for the base case 

and it gets even worse when implementing improved windows, while an increased 

effective heat recovery efficiency results in a slightly decreased cooling demand. In 
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Ljubljana, both an increased effective heat recovery efficiency and a combination of the 

energy saving measures yields a result that fulfils the requirement by quite a large margin 

(4,6 and 9,4 kWh/m2, respectively). Only the case with a combination of energy saving 

measures fulfills the requirements for the model in Malmo, while none of the cases for 

Karlstad and Kiruna passes the requirements.  

 

 

Figure 6: Maximum heating load for each location and measure. The requirement regarding the maximum heat 

load for the European Passive House certification has been marked as a black line.  

In Figure 6, the maximum heat loads are being presented for the base case and each of 

the energy saving measures. The requirement for the European Passive House 

certification has been highlighted with a black line (10 W/m2). In Naples, the maximum 

heating load fulfills the requirement with margin for all cases while a combination of the 

energy saving measures needs to be implemented in order to pass the requirement in 

Ljubljana. For the Scandinavian models, neither of the cases fulfill the requirement. 

Furthermore, a trend can be seen when examining the results from the cases with 

increased effective heat recovery efficiency. The impact on the maximum heat load 

decreases with colder climate. This trend will be further discussed in Chapter 6.  
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Figure 7: Primary energy demand for each location and measure. The requirement regarding the primary 

energy demand for the European Passive House certification has been marked as a black line.  

In Figure 7, the annual Primary energy demand is being presented for the base case and 

each of the energy saving measures. The requirement for the European Passive House 

certification has been highlighted with a black line (120 kWh/m2). All of the cases 

exceeds the requirement. However, the PEFs used in this project are mainly used for 

comparisons between regions and other values might be more suitable for local 

evaluations, possibly yielding in a lower primary energy demand.  
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5.2. Swedish model 
In the following subchapter, the results from the Swedish model are presented. 

 

Figure 8: The annual heating demand for the Swedish model. The requirements for the Swedish Passive House 

certification regarding the annual heating demand have been marked as a black line for each climate zone. 

In Figure 8, the annual heating demand are being presented for the base case and each of 

the energy saving measures in Sweden. The requirements for climate zone one, two and 

three (50, 54 and 58 W/m2 respectively) have been highlighted with a black line. All of 

the cases fulfil the requirement in Malmo, although the base case has no margin. Only the 

base case for the model in Karlstad does not fulfill the requirement. In Kiruna, none of 

the cases except the combination of energy saving measures passes the requirement.  
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Figure 9: Heat loss numbers for the Swedish Passive House certification. The requirements for the Swedish 

Passive House certification regarding the maximum allowed heat loss number have been marked as a black line 

for each climate zone. 

In Figure 9, the Heat loss numbers are being presented for the base case and each of the 

energy saving measures in Sweden. The requirements for climate zone one, two and three 

(15, 16 and 17 W/m2 respectively) have been highlighted with a black line. In Malmo and 

Karlstad, an increased effective heat recovery efficiency or a combination of energy 

saving measures are required in order to pass the requirement. However, none of the cases 

passes the requirement in Kiruna, even though a combination of energy saving measures 

yielded a value that did not pass the requirement by a very small amount (0,2 kWh/m2).  
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Figure 10: The annual energy demand for the Swedish model. The requirements for the Swedish Passive House 

certification regarding the maximum annual energy demand have been marked as a black line for each climate 

zone. 

In Figure 10, the annual energy demand are being presented for the base case and each of 

the energy saving measures in Sweden. The requirements for climate zone one, two and 

three (90, 110 and 130 kWh/m2 respectively) have been highlighted with a black line. All 

cases passes the requirement regarding the annual energy with margin.  
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5.3. Sensitivity analysis 
For the sensitivity analysis of effective heat recovery efficiency, thermal bridges and the 

infiltration are presented in this subchapter. The base for the analysis is the base case of 

the model with the climate data from Ljubljana, Slovenia.  

 

Figure 11: The heating and cooling demand for the sensitivity analysis of the effective heat recovery efficiency 

(x-axis).  

In Figure 11, the sensitivity analysis of the ventilation systems effective heat recovery 

efficiency is shown. The interval being investigated is ± 150 % times the original value, 

in this case 49 %. The x-axis represent the effective heat recovery efficiency.  The cooling 

demand is more or less unaffected by the changes to the parameter. However, the changes 

has a very large impact on the heating demand, while still being more or less linear. The 

result indicate that the model’s heating demand is very sensitive to the parameter 

adjusting the effective heat recovery efficiency.   
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Figure 12: The heating and cooling demand for the sensitivity analysis of the thermal bridges. 

In Figure 12, the sensitivity analysis of the thermal bridges is shown. The interval being 

investigated is ± 150 % times the original value. While the cooling demand is more or 

less constant for all values of this range, the heating demand adapt a linear curve, 

indicating that the model is less sensitive to the value of this parameter than for the 

effective heat recovery efficiency presented in Figure 11.  
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Figure 13: The heating and cooling demand for the sensitivity analysis of the infiltration. 

In Figure 13, the sensitivity analysis of the infiltration is shown. The interval being 

investigated is ± 150 % times the original value. Neither the heating nor the cooling 

demand are affected by the changes to the infiltration parameter and thus the result 

indicate that the model is not sensitive to the parameter for this particular range.  
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6. Discussion 
This chapter consists of a general discussion regarding the method, results and the 

possible sources of errors and improvements of this project.  

The world’s demand for primary energy is on the rise and the need for new energy saving 

technologies and concepts are of great importance if we are to be able to handle the 

demand in the future. Studies indicate that up to 26 % of EU’s total primary energy 

demand is used by the residential buildings [2, 3] and the rising urbanization is increasing 

the density of the population in the cities. The purpose of the EU project EE-Highrise is 

to test and validate new technologies and concepts in order to achieve energy efficient 

residential high-rise buildings which utilizes the city’s limited space in a more effective 

way. As one of the partners, Umeå University’s objective is to develop regional specific 

models of the demo high-rise building in Mediterranean, Central European and 

Scandinavian climates. This thesis has been written on behalf of Umeå University with 

the purpose to contribute to the deliverables bound for EE-Highrise.  

In this project, the model has been simplified by defining only one zone per floor instead 

of utilizing a model with multiple zones per floor. Thus the internal walls have not been 

included. However, since the main focus of this project has been to examine the climate 

shell and HVAC system, and not the energy performance of a specific apartment or part 

of the building, this measure deemed acceptable. If data had been available regarding the 

energy use of a specific room or apartment, then a multi zone per floor approach might 

have been more appropriate.  

Another simplification that was implemented was the merging of the closely fitted 

windows into larger single units. As this did not have any impact on the total glazing or 

frame area, or the ratio between them, the effect on the results should be insignificant.  

The domestic hot water use was defined as 25 liters per person and day in the provided 

information. When compared to standard values used to approximate the domestic hot 

water use, this value was deemed too small. Because of this, a value of 1000 kWh per 

person and year was applied which resulted in an increased energy use for DHW usage. 

This in turn led to an increase in primary energy use. Had the value provided in the PHPP-

file been used, some of the examined cases would have passed the passive house 

requirements even with only an optimized heat recovery efficiency for the air handling 

unit.  

The primary energy factors are important parameters for the European model and the 

European passive house certification. The choice of definition for the PEFs has a large 

impact on the final result of the models primary energy use. Sources for non-renewable 

PEFs were examined [41], but the choice was made to use the total primary energy factors 

in order to avoid the weighing factors of the energy source and the associated sources of 

error.  Furthermore, it has been assumed that the primary energy factor used for the district 

heating was mainly corresponding to the value for log and biomass, while in reality the 

source of the heat most likely is a mix of biomass and fossil fuel.  

The results for the European model can be seen in Figures 5-7. The annual demand for 

primary energy is too large for all of the investigated cases. However, as mentioned earlier 

in this chapter, this result is highly dependent on the choice of PEFs. If regional values 
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were to be used, the result would most likely be that the annual primary energy demand 

would decrease. Thus the results in Figure 7 should not be considered definite. If only the 

results in Figure 5-6 are examined, then it can be concluded that none of the cases 

examined in this project would fulfill the requirements for a passive house certificate in 

Naples because of the large cooling demand. It can also be noted that the improved 

windows result in an increased cooling demand while the other two energy saving 

measures had little impact. In Ljubljana, it would suffice to increase the effective heat 

recovery efficiency in order to pass the Passive house requirements. Of the three locations 

being examined in Sweden, only the building in Malmo would pass the passive house 

requirements with a combination of energy saving measures. Furthermore, the trend that 

can be seen in Figure 6, where the maximum heating load increases with colder climates, 

is most likely the result of the ventilation system’s winter by-pass function. The winter 

by-pass is designed to keep the heat recovery in the air handling unit from freezing.  

In Figures 8-10, the results from the Swedish model can be seen. The buildings in Malmo 

and Karlstad would pass the Swedish Passive House certification with an increased 

effective heat recovery efficiency for the ventilation system or with a combination of 

energy saving measures. However, even with a combination of energy saving measures 

the building in Kiruna would not pass the requirements for the Swedish Passive House 

due to its slightly too high heat loss number. 

The increased effective heat recovery efficiency of the ventilation system was the energy 

saving measure that had the greatest impact on the building’s energy demand. The 

improved windows was the second most effective energy saving measure and the 

increased insulation of the external walls had the least impact on the buildings’ energy 

performance.  

The model’s sensitivity to three parameters was analyzed and the results can be seen in 

Figure 11-13 for the effective heat recovery efficiency, thermal bridges and infiltration. 

It was found the parameter adjusting the effective heat recovery efficiency had a large 

impact on the model’s heating demand, although the dependence appeared to be more or 

less linear. Furthermore, a linear dependence was found between the thermal bridges and 

the model’s heating demand. The infiltration had no apparent impact on the model’s 

heating or cooling demand within the examined range, which contradicted the 

expectations of the author. However, experience from previous projects indicate that there 

tends to be an exponential dependence between the infiltration and the model’s heating 

demand which illustrates itself as linear at lower intervals. Since the Passive House 

certification advocate a very low infiltration it is likely that the values being examined in 

this sensitivity analysis are within the lower interval of a possibly exponential 

dependence. The overall conclusion from the sensitivity analysis was that none of the 

analyzed parameters made the model unstable within the evaluated range and that the 

models space heating demand was highly sensitive to the effective heat recovery 

efficiency.    

6.1. Future work and possible improvements 
It would have been preferred to perform a sensitivity analysis of all the parameters that 

have been modified when optimizing the model and over a larger interval in order to 

evaluate the parameters even further. However, the simulations were rather time-
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consuming with an average simulation time of 2-6 hours depending on the climate data 

and the computer at hand and thus it was decided that only three parameters were to be 

examined for an interval of ± 150 % times the original value.  

The garage could probably be excluded from the model in order to simplify it further. 

This would, however, require that the floor in contact with the ground would be modified 

to achieve the proper heat loss to the ground.  

The models ventilation system has been of a CAV-type with a constant, average 

ventilation flow, while the real building is utilizing a presence-monitored ventilation 

system. If more information could be attained from the partners of the EU project, a more 

accurate ventilation system could most likely be achieved. 

Light controlled external blinds could be implemented for the windows instead of a 

constant reduction to the g-value, if the correct values for the insolation threshold could 

be attained.  

The energy saving measures examined in this project have been chosen with the aim to 

reduce the building’s space heating demand. This did not suffice for regions with hot 

climates such as Naples. In fact, the improved windows even made the cooling demand 

increase. Thus it might be a good idea to expand the number of energy saving measures 

being investigated to also try to adjust for hot climates.  

Lastly, the number of regions being investigated could be expanded to further validate 

the conclusions.  
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7. Conclusion 
In this chapter, the conclusions of the project are presented.  

 None of the investigated cases would pass the requirements for the European 

passive house certification. However, ignoring the requirement regarding the 

annual primary energy demand, the model would fulfill the requirements in 

Ljubljana with an increased effective heat recovery and in Malmo with a 

combination of increased effective heat recovery efficiency, increased insulation 

for the external walls and improved window frames and glazing. 

 The cooling demand was too great in Naples and it was increased by installing 

improved windows. 

 The Swedish Passive House requirements would be fulfilled with an increased 

effective heat recovery efficiency or a combination of energy saving measures in 

both Malmo and Karlstad. 

 Kiruna would not pass the requirements for the Swedish Passive House 

certification, although an implementation of an increased effective heat recovery 

efficiency, increased insulation for the external walls and improved window 

frames and glazing would get very close to fulfilling the requirements.  

 The energy saving measure that had the greatest impact on the building’s space 

heating demand was the increased efficient heat recovery efficiency for the 

ventilation system.  
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Appendix  
Table 6: Designed Winter Outdoor Temperature, DWOT (℃) for Kiruna Airport, Karlstad and Lund for time 

constants up to 4 days [19].    

 Time constant 

City 1 day 2 days 3 days 4 days 

Kiruna Airport -30,3 -29,4 -28,6 -28,0 

Karlstad -19,1 -17,9 -17,3 -16,9 

Lund -11,6 -10,6 -10,1 -10,0 

 

Table 7: The components of the external wall. 

Component λ [W/mK] Thickness [mm] 

Internal plaster 0,870 15 

Brick 0,610 200 

KI FKD-S 0,036 200 

Plaster 0,700 8 

 

Table 8: The components of the external floor. 

Component λ [W/mK] Thickness [mm] 

Floor coating 0,18 12 

Reinforced screed 1,2 5 

Styrobeton 0,065 15 

Concrete 1,7 250 

KI FKD-S 0,036 160 

Plaster 0,7 0,8 

 

Table 9: The U-values for the windows and frames. 

Component U-value [W/m2K] 

Glazing 0,7 

Frame 1,28 
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Table 10: The components of the roof. 

Component λ [W/mK] Thickness [mm] 

Soil  2 89 

Propylene fibres 0,15 3 

XPS 0,035 298 

Plaster 0,8 10 

Gypsum board 0,17 120 

Concrete 1,7 250 

 

Table 11: The areas extracted from the drawings divided into corresponding groups and weighing factors. 

Type of area Value [m2] Weighing factor 

Residential areas 9874 1 

Commercial areas  343 1 

Mezzerine/storages 830 0,60 

Ground floor 263 0,60 

Hallways 811 0,60 

Staircases (no elevator shafts)  925 0,60 

 

Table 12: The reference areas used in this project. 

Type of area Value [m2] Comments 

Reference area, European 11914 Usable indoor area with 

weighing factors for utility areas 

and stairs. 

Reference area, Sweden 16425 The area within the climate shell 

kept above 10 °C. 

Treated floor area 13046 Usable indoor area, not 

including internal walls. 

 

  



Investigation and evaluation of high-rise buildings in IDA ICE 

 

Page 37 

Table 13: The results of the simulations of the European model for the base case. 

  Space heating 

demand 

Max. heating 

load 

Cooling 

demand 

Primary 

energy 

Passive 

House? 

  kWh/m2 W/m2 kWh/m2 kWh/m2   

Naples 5,50 4,66 24,7 151 No 

Ljubljana 20,6 14,3 9,29 156 No 

Malmo 34,1 18,5 1,60 165 No 

Karlstad 41,0 18,8 2,264 173 No 

Kiruna 77,3 30,7 0,560 211 No 

 

Table 14: The results of the simulations of the European model with increased effective heat recovery efficiency. 

  Space heating 

demand 

Max. heating 

load 

Cooling 

demand 

Primary 

energy 

Passive 

House? 

  kWh/m2 W/m2 kWh/m2 kWh/m2   

Naples 1,24 2,04 24,2 146 No 

Ljubljana 10,4 11,3 9,09 145 No 

Malmo 20,8 16,5 1,59 150 No 

Karlstad 25,9 17,0 2,266 156 No 

Kiruna 58,1 30,7 0,56 190 No 

 

Table 15: The results of the simulations of the European model with increased insulation thickness. 

  Space heating 

demand 

Max. heating 

load 

Cooling 

demand 

Primary 

energy 

Passive 

House? 

  kWh/m2 W/m2 kWh/m2 kWh/m2   

Naples 5,11 4,34 24,7 151 No 

Ljubljana 18,9 13,6 9,57 154 No 

Malmo 31,3 17,4 1,80 162 No 

Karlstad 37,8 17,8 2,482 170 No 

Kiruna 71,9 29,4 0,68 206 No 
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Table 16: The results of the simulations of the European model with improved windows. 

  Space heating 

demand 

Max. heating 

load 

Cooling 

demand 

Primary 

energy 

Passive 

House? 

  kWh/m2 W/m2 kWh/m2 kWh/m2   

Naples 4,57 3,86 28,6 154 No 

Ljubljana 17,0 12,3 11,99 154 No 

Malmo 28,8 16,1 3,33 160 No 

Karlstad 34,8 16,9 4,234 168 No 

Kiruna 67,1 27,8 1,75 201 No 

 

Table 17: The results of the simulations of the European model with a combination of the measures. 

  Space heating 

demand 

Max. heating 

load 

Cooling 

demand 

Primary 

energy 

Passive 

House? 

  kWh/m2 W/m2 kWh/m2 kWh/m2   

Naples 0,67 1,21 28,3 149 No 

Ljubljana 5,6 8,5 12,15 142 No 

Malmo 13,3 13,6 3,71 144 No 

Karlstad 17,1 13,9 4,619 148 No 

Kiruna 43,0 26,5 2,01 175 No 

 

Table 18: The results of the simulations of the Swedish model for the base case. 

  Space heating demand HLN Annual energy demand Passive House? 

  kWh/m2 W/m2 kWh/m2   

Malmo 50,0 16,1 74,0 No 

Karlstad 55,1 19,8 79,6 No 

Kiruna 82,1 25,7 105,4 No 

 

Table 19: The results of the simulations of the Swedish model with improved effective heat recovery. 

  Space heating demand HLN Annual energy demand Passive House? 

  kWh/m2 W/m2 kWh/m2   

Malmo 40,1 12,3 64,1 Yes 

Karlstad 43,8 15,1 68,3 Yes 

Kiruna 67,5 19,6 90,7 No 
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Table 20: The results of the simulations of the Swedish model with increased insulation thickness. 

  Space heating demand HLN Annual energy demand Passive House? 

  kWh/m2 W/m2 kWh/m2   

Malmo 47,8 16,1 72,0 No 

Karlstad 52,5 19,8 77,2 No 

Kiruna 77,9 25,6 101,3 No 

 

Table 21: The results of the simulations of the Swedish model with improved windows. 

  Space heating demand HLN Annual energy demand Passive House? 

  kWh/m2 W/m2 kWh/m2   

Malmo 45,8 15,5 71,0 No 

Karlstad 50,2 19,0 76,1 No 

Kiruna 74,2 24,7 98,3 No 

 

Table 22: The results of the simulations of the Swedish model with a combination of the measures. 

  Space heating demand HLN Annual energy demand Passive House? 

  kWh/m2 W/m2 kWh/m2   

Malmo 34,0 10,9 59,5 Yes 

Karlstad 36,7 13,3 62,9 Yes 

Kiruna 55,8 17,2 80,1 No 

 


