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ABSTRACT 

Energy assessment in buildings is an essential topic in order to achieve the set goals for 
energy efficiency. This thesis investigated the energy consumption in various scenarios in 
Husmuttern’s buildings. Different purposes (school and apartment), locations (Spain and 
Sweden) and materials combinations are modelled and analysed. The models were created in 
the building performance simulation tool IDA ICE. After the yearly energy demand results 
were obtained they were processed and analysed. Then several factors were changed in the 
model in order to investigate different impacts in the energy consumption of the building, 
such as the overall heat transfer, hot water consumption, windows and doors. Also, PV panels 
were installed in the model to obtain the potential penetration of renewable energy in the 
buildings. The results showed the different consumption in the buildings depending on the 
purpose and location, and the impact of the changed factors in the overall energy 
consumption. The change of windows to more efficient ones showed that the apartments 
improve their consumption more than the schools, especially in when the Spanish location is 
considered. This case also had the biggest possible change when the hot water demand is 
varied. Whereas if the door was the changed, the Swedish apartment has the most possible 
improvement.  

 

Keywords: Energy efficiency, IDA ICE, PV, heating demand, cooling demand, energy 
consumption.  
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1 INTRODUCTION 

In the recent decades, energy efficiency has been a topic whose importance has increased, 
due to the considerable potential it has for improvement. In Europe, around 40% of the total 
primary energy is consumed by the building sector alone, both private and public buildings 
(Noailly, 2012). A grand majority of the existing buildings nowadays are not sufficiently 
efficient from an energy perspective ("Buildings - Energy - European Commission", 2018). 
Therefore, the EU has made changes in the established policies in order to update and 
improve the existing energy plans and to reduce the impact on the environment. Now the 
energy and climate policy for 2030 has the following goals ("Buildings - Energy - European 
Commission", 2018):  

• Reduce the GHG emissions by 40% compared to 1990.  
• Increase the share of renewable energy by at least 27%.  
• Improve the energy efficiency by 27%.  

1.1 Background 
 

A great share of the energy savings which the EU has established in the new climate policies 
can be added in the building sector, due to the low efficiency of the existing buildings all 
around the world.  

It is well known that the world population is increasing and likewise does the energy 
consumption, but this consumption varies among countries and climates. The total energy 
consumption in different European countries is shown in Figure 1. In different climates the 
energy need varies, for example in colder countries the need for heating is much higher than 
in warmer climates.  
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Figure 1: Final energy consumption.  Data retrieved from World Bank (https://data.worldbank.org) 

There are other factors which can affect the energy consumption in different buildings for 
example the purpose for which the system has been designed for, as well as the appliances 
being used in it and the number of occupants and their schedules or the difference in weather 
and locations (Kavousian, Rajagopal, & Fischer, 2013).  

Spain has historically a higher energy consumption when compared with other EU members, 
according to Eurostat ("Home - Eurostat", 2018), this can be observed in Figure 1. The 
electricity consumption by the industry, transport and households in Spain is almost double 
the consumption in other member states. Although, in Spain the government has been 
making efforts to implement energy efficiency policies aiming to reach similar consumption 
to other countries members of the EU (Collado & Díaz, 2017) . In the recent years, Spain has 
increased the budget aimed for energy efficiency, the government allocated less than 50 % of 
its predicted budget into the building sector to increase the existing energy efficiency 
(Collado & Díaz, 2017). 

In Spain the responsibilities for energy efficiency measurements belong to the regional and 
local administrations. Making it difficult to have the same regulations all over the country 
(Collado & Díaz, 2017). Whereas the case of Sweden, the necessary regulations for housing, 
building, and planning is done by “Boverket” ("Boverket", 2018). “Boverket” is a central 
government authority, and they make policy suggestions.  

In the year 2013 the Spanish government authorized the Royal decree 235/2013 ("BOE.es - 
Documento consolidado BOE-A-2013-3904", 2018) where the procedure for energy 
performance certification was stablished. All the existing buildings which are up for sale or 
rent need to have this certificate. However, those buildings or the part of them being 
certificated which have an area smaller than 50 m2 are exempt to obtain the certificate. This 
certificate is necessary for both the project and the finished building when a new construction 
is being planned.  
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When designing the heating system of a building, in colder climates district heating plays a 
major role. In southern countries with warmer climates, such as Italy and Spain district 
heating systems are not usually an option to provide heat, mostly the heat is provided from 
fossil fuels. Although it has the lowest negative impact in Swedish and Norwegian housings 
when talking from an energy consumption perspective. Typically, in colder climates, the 
houses tend to have thick layers of insulation, as well as heat recovery systems for ventilation 
(Monteiro, Fernández, & Freire, 2016). This was taken into consideration when designing the 
detachable modular buildings and when deciding the materials used for the walls in 
Husmuttern.  

The buildings which have been considered for this thesis are detached modular buildings 
which are being built in Husmuttern. According to  Kavousian et al., (2013) detached 
buildings have the highest daily maximum consumption in the winter, thus the importance of 
having the correct energy system designed.  

Husmuttern will provide the means to build temporary modular detached buildings. These 
buildings are to be built in modules and then at the chosen location all the modules will be 
joint as a whole building and they are expected to stand for a maximum of 15 years, and they 
are designed to be reusable more than one period and at least for two life cycles. The modular 
housing options could have different purposes, as a school, an apartment, or a public 
building. For this thesis, modular detached buildings for school and single-family apartment 
applications will be considered. 

1.2 Purpose 
The aim of this project is to provide Husmuttern with energy assessments of the modular 
detached buildings for different uses.  

So far Husmuttern only operates in Sweden, but in order to expand their business the same 
analysis but in a different climate is performed. The other country which will be considered is 
Spain, in particular Sevilla.  

The purpose of this work is to simulate the different scenarios and then analyse the energy 
consumption and the impact of different factors have on the energy consumption.   

1.3 Research questions 
The questions to be answered during this project are: 

• How efficient are the Husmuttern’s temporary modular buildings when compared to similar 
existing ones? 

• What would need to be changed if we took these designed buildings to a different country with 
a different weather conditions and energy consumption?  
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• Which factors have the biggest impact on the energy consumption depending on the location 
and purpose of the building? 

1.4 Scope and delimitation 
As to be expected there are limitations in this project.  

• The size of the different designs of Husmuttern can vary from 38-86 m2 of surface, for the 
purpose of this study only a size of 55,98 m2 is considered.  

• Husmutter is unable to provide energy use data, due to the first building is still under 
construction.  

• When making the energy assessment the construction process of the buildings and the 
transportation of both the raw materials and constructed parts will not be taken into 
consideration.  

• The locations considered will be Sevilla, in southern Spain and Västerås in mid Sweden. The 
different locations provide different climates.  

• The necessary inputs for IDA are collected via a literature study where all the necessary 
information was gathered, and the explained in the current study chapter.  

• No economic analysis will be performed in this thesis.  
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2 METHOD 

Firstly, a literature study will be performed. In which several topics will be researched, such 
as energy consumption, different ways of measuring it, and the different materials for 
construction, the heating and the cooling demands and the optimal design PV panels. The 
literature used in this study was obtained from different search engines such as Science 
Direct or IEEExplore among others, also past theses have been analysed.  

After this study, the necessary data will be gathered and inserted into IDA ICE where 
mathematical models will be established and then simulated, the obtained results are then 
analysed and discussed. The data needed for the models has been gathered through the 
literature study and the interviews with the CEO of Husmuttern, this is explained in greater 
detail in chapter 4.2.  

Once the basic model is created, different variations such as different purposes, different 
locations and materials will be considered. The cases being analysed in this thesis are the 
following, firstly the building being placed in Sweden in Västerås, considering the building to 
be a school and then an apartment. And after, both purposes (school and apartment) for the 
building will be analysed with the location changed to Spain. Further details of each case are 
explained in chapter 4. 

For each case, PV panels and a wind turbine will be installed in the buildings to study the 
possible penetration of renewable energy production in small buildings.  

IDA ICE was chosen because it is a simulation program for climate and energy simulations. 
Gulliksson, (2015) concluded that IDA ICE is the most suitable program for this type of 
simulations. It is a program which is suitable for computing heating and cooling demands, as 
well as the annual energy consumption.  

After the results were obtained from IDA ICE, they were exported to Excel where they were 
processed and then presented in chapter 5.  
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3 LITERATURE STUDY 

In this literature study different aspects of energy efficiency in buildings are studied. Firstly, 
energy consumption, how it can be affected and how it is distributed within the model is 
researched. Then, ways of measuring the energy efficiency. After this, the optimal material 
combinations are analysed. The heating and cooling demands are also studied in this chapter. 
And the last sub chapter included here is the optimal design of PV panels and the possibility 
to add another renewable source.  

3.1 Energy consumption 
As mentioned before there are different factors which can affect the energy consumption of a 
building. The study performed by Kavousian et al., (2013) showed that minimum daily 
consumption is mostly influenced by the weather and thus the location of the building. 
Whereas the maximum daily consumption is frequently influenced by those appliances in the 
building which are not used constantly, such as electric water heaters, electric clothes dryer, 
etc.   

 

Figure 2: Energy consumption in residential buildings 

The energy consumption in the residential building is divided into different uses, the space 
heating dominates the total consumption with a 32%. This is followed by the 29% of the 
consumption used for cooking, and then the 24% for heating the water (Berardi, 2017), this 
can be seen in Figure 2. In the report written by Berardi, (2017) the global trends for energy 
consumption have been analysed, and the heat and cooling demand will increase 179% by 
2050 when being compared to 2010 levels in the residential building sector.  

The size and shape of the building also affects the energy consumption, it explains more than 
20% of the variability of the daily minimum consumption during the winter months. During 
the summer months this impact is reduced to 2%  due to the lower need for heating in the 

Energy consumption in residential building

Heating and cooling Cooking Heating for hot water production other
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summer (Kavousian et al., 2013). Pacheco, Ordóñez, & Martínez, (2012) also analysed 
different factors which affect the energy consumption, the results showed that not only the 
previously mentioned impacts but also the envelope system for the building, the shading and 
glazing among others can influence the total energy consumption.  

According to Huang & Gurney, (2016) space heating and cooling accounts for more than 3o% 
of the total primary energy consumption for the building. Therefore, taking advantage of the 
new upcoming technologies in these sectors can be very beneficial. According to 
Santamouris, Pavlou, Synnefa, Niachou, & Kolokotsa, (2007) the elevated use of air 
conditioning in different buildings can create a high peak on the electricity consumption, and 
thus increase the electricity bills.  

Tolón-Becerra, Lastra-Bravo, Fernández-Membrive, & Flores-Parra, (2013) mention that 
further energy efficiency improvements in the Spanish sector could be difficult to obtain, due 
to the lack of motivation of the citizens. This is because in past decade Spain has gone 
through a big economic and social crisis, which has slowed down the buildings sales as well 
as the construction of new ones. De Ayala, Galarraga, & Spadaro, (2016) have concluded a 
study where that having a more energy efficient home increases the selling price.  

Regarding the penetration of renewable energy into the building sector, in Sweden there has 
been an increment on the subsidies for installing PV systems for self-generation electricity, 
also the surplus of the electricity production can be sold back to the electrical grid to obtain a 
tax reduction (Bulut, Odlare, Stigson, Wallin, & Vassileva, 2015). This was implemented in 
2015. On the other hand, in Spain in 2015 the Royal Decree was enforced (Real Decreto 
900/2015, Boletín Oficial del Estado, España, 9 de octubre, 2015), in this Decree some 
taxation was implemented, among other fees and taxes such as one to access the electricity 
grid (Real Decreto 900/2015, Boletín Oficial del Estado, España, 9 de octubre, 2015), and a 
generation one (Ley 15/2012, Boletín Oficial del Estado, España, 27 de diciembre, 2012) are 
included.  

Bulut’s conclusion is that a greater flexibility in the production and consumption of energy in 
combination of increment of self-generation systems can not only benefit the building sector 
but also the district heating companies which provide the rest of the needed energy when not 
produced at site (Bulut et al., 2015). These district heating companies also seek to reduce the 
CO2 emissions. Having PV systems in combination with a battery system can increment the 
self-sufficiency. The work done by Nyholm, Goop, Odenberger, & Johnsson, (2016) 
concluded that the optimal size of the battery and PV system has a great dependence on the 
load profile of the building itself. Although, this combination of a battery and PV systems in 
the northern latitudes, such as the case of Sweden, has a much lower usage when compared 
to those systems installed in the southern latitude, such as Spain (Nyholm et al., 2016).  

The energy consumption in a school has to be appropriate to have the correct the indoor 
conditions since children are especially sensitive towards poor indoor environmental 
conditions, and they stay in school buildings the majority of the growing years (Bernardo, 
Antunes, Gaspar, Pereira, & da Silva, 2017). Therefore, the need to control the indoor 
conditions is high. To have a proper learning environment, there are different factors which 
need to be controlled in order to have some optimised indoor environmental conditions. A 
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correct thermal comfort, which depends on the students, indoor air quality among other are 
the conditions which need to be optimised in a school (Bernardo et al., 2017).  

When using a simulation software to obtain the energy performance of a building there is a 
big difference if these results are compared to their actual energy consumption. This has been 
corroborated by many before, among which (Herrando et al., 2016), (Cohen, Standeven, 
Bordass, & Leaman, 2001). Theses discrepancies could be associated to different assumptions 
during the construction of both of the model and the actual building, as well as to the 
management of the building being poor.   

 

3.2 Measuring energy efficiency  
 

The need for global measurements exists, although the European Commission has been 
trying since 1991 to have a specific legislation which includes some measurements for energy 
efficiency, no international regulation has been set yet. Specific Actions for Vigorous Energy 
Efficiency (SAVE) program promoted the member states to create and implement laws, 
regulations, educational activities regarding energy efficiency (Official Journal of the 
European Communities., 1996). After this, the European Commission has created about 30 
different standards which should be adapted by each member state to obtain their own 
individual policies (González, Díaz, Caamaño, & Wilby, 2011). 

There are different types of measuring the efficiency, and many studies have been dedicated 
to this topic. Key Performance Indicators (KPI) are used to evaluate the performance of 
something when compared to others or the norm. In our case, KPIs can be used in the form 
of the energy efficiency index (EEI). EEI can be expressed and considered in different ways, 
one of which is the ratio between the energy input to the factor related to component which is 
using the electricity, shown in Equation 1:  

Equation 1: Energy efficiency index 

𝐸𝐸𝐼# =
𝐸𝑛𝑒𝑟𝑔𝑦	𝑖𝑛𝑝𝑢𝑡

𝐹𝑎𝑐𝑡𝑜𝑟	𝑟𝑒𝑙𝑎𝑡𝑒𝑑	𝑡𝑜	𝑡ℎ𝑒	𝑒𝑛𝑒𝑟𝑔𝑦	𝑢𝑠𝑖𝑛𝑔	𝑐𝑜𝑚𝑝𝑜𝑛𝑒𝑛𝑡
 

But in a study performed by Ahmad Sukri Ahmad et al., (2012), the index is related to the size 
of the building as well as the energy consumed. This is shown in Equation 2:  

Equation 2: Energy efficiency per square metre 

𝐸𝐸𝐼8 =
𝐸𝑛𝑒𝑟𝑔𝑦	𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛	(𝑘𝑊ℎ)

𝐴𝑟𝑒𝑎	(𝑚8)  

Another approach for calculating energy efficiency is the one investigated by González et al.,( 
2011), which defines EEI3 as the ratio between the performance of the actual building, and 



9 

that if a reference building. The reference building should represent the usage of energy of a 
whole set of similar buildings.  

In 2007 the Royal Decree (Real Decreto 47/2007, Boletín Oficial del Estado, España, 19 de 
enero, 2007) stablished some guidelines for certification of new buildings in Spain. It defines 
seven groups, for A to G, of the values of the EEI, but the bands of the values differ on the 
purposes of the building. The Royal Decree differentiates between residential buildings and 
other uses. In Sweden, a building can obtain different grades of certification depending of the 
measurable variables. This certification can done by the Green Building Council (Fridén, 
2018) among other companies and this organization stiffens the National Board of Housing. 
The buildings under supervision can obtain a bronze, silver or gold certificate depending, as 
previously mentioned, on the measured variables. This certification in Sweden is not 
required.  

3.3 Materials  
As mentioned before the building envelope has a major impact on the energy efficiency of the 
building under consideration. Countries with colder climates, such as Sweden, tend to have 
some stricter policies regarding thermal insulation (U-value).  

Thermal insulation indicates the maximum heat transfer possible through the materials of 
the components under supervision and it is considered to be the average of the value for all 
the materials and their thickness. When calculating the losses in a building, the overall heat 
transfer is calculated by the following formula provided by the IEA (International Energy 
Agency & Organización para la Cooperación y el Desarrollo Económicos (París), 2008, p. 4), 
in this report the windows are considered to be not more than 20% of the floor area.  

The regulations in the different countries state the maximum values for heat transfer, for the 
case of Sweden, Boverket states that the maximum average U-value for the building should 
not be higher than 0,4 W/m2K ("Boverket", 2018). The Royal Decree stablished in 2006 in 
Spain (Real Decreto 314/2006, Boletín Oficial del Estado, España, 17 de marzo, 2006) states 
that the maximum limit depends on the different climates where the building will be located, 
as well as the solar radiation and the characteristics of the insulation materials. This limit 
should the adequate to provide the necessary thermal comfort for the people inside.  

The choice of materials for the different buildings depends on both the climate and the 
regulations. In Spain, the standard envelope for buildings is a combination of bricks and 
mineral wool insulation as well as rough plaster ("Instituto Nacional de Estadistica. (Spanish 
Statistical Office)", 2018). In past thesis the choice of materials for the different parts of the 
buildings in Sweden have been studied (Lundvall, n.d.). MOHSIN & HARDI, (2017) 
performed a study, where different wall solutions were analysed from an energy perspective. 
One of the solutions analysed in the referred study includes a thick layer of insulation with 
light beam rails and other two solutions with beams separated by insulation layers.  
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When choosing the optimal combinations and characteristics of the materials for wall 
construction different factors need to be taken into consideration, such as that the thermal 
conductivity of the building envelope can vary with the outside conditions, the temperature 
and moisture conditions (Pérez-Bella, Domínguez-Hernández, Cano-Suñén, del Coz-Díaz, & 
Álvarez Rabanal, 2015). The study performed by Cuerda, Pérez, & Neila, (2014) concluded 
that Spanish buildings usually have a heavy façade, in which materials and bricks of different 
nature are combined. Pérez-Bella, Domínguez-Hernández, Cano-Suñén, Alonso-Martínez, & 
del Coz-Díaz, (2015) analysed different combination of materials used in different climate 
areas of Spain, the study payed closer attention at those buildings in Zaragoza and Barcelona, 
which are both located in the north of Spain. The results of this study showed that in both 
cities the chosen materials are very similar, in Zaragoza the optimal solution is composed of:  

• Facing brick à 0.115 m 
• Polyurethane foam à 0.03 m 
• Extruded brick à 0.04 m 
• And, gypsum board à 0.015 m 

 

As for the case of Barcelona, the first and last layer are the same, but the insulation used is 
different and the extruded brick thickness is also changed. The difference in the thickness of 
the bricks is due the relative humidity and the exterior temperatures.  

• Insulation à calcium silicate with a thickness of 0.06 m 
• Extruded brick à 0.07 m 

 

Although the chosen location in Spain is Sevilla the designated materials for the model will be 
those used in Zaragoza. This has been done due to the similarity of climates in these two 
cities in Spain. And these similarities can be seen in Table 1.  

Table 1: Climate characteristics. Data retrieved from Wikipedia.  

Location Sevilla Zaragoza 

Average maximum temperature, 
ºC 25,4 18,8 

Average % humidity 59 61 

 

Mihalakakou, (2002) considered the potential in energy saving when sunspaces, with a room 
in a building which has a glass roof and walls in order to maximize the sun power, are used in 
different climatic conditions in several locations within Europe. The conclusion of the study 
was that the sunspace is a competitive solution for the winter. Also, the report mentioned 
that the design of the sunspace needs to have an adequate ventilation system and the 
necessary solar protection for the summer months. Fotopoulou et al., (2018) studied the 
impact of renovation in already built residential buildings from 1970, the results obtained 
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from the simulation showed that energy savings differ in the several scenarios considered in 
the study. Having a glazed added space in the apartment building has a greater energy saving 
during the winter months in southern climatic conditions, but on the other hand these 
savings are greater in the summer months when a northern location is considered.  

In order to have a more accurate value for thermal conductivity a correction factor can be 
used, this is studied in Pérez-Bella, Domínguez-Hernández, Cano-Suñén, del Coz-Díaz, et al., 
(2015). This correction factor considers the desired conditions to approximate the design 
thermal conductivity of the materials based on their normative values and the variation on 
the conductivity is due to the external temperatures and the relatively humidity. In Spain an 
average factor of 3.26% can be considered, also in the study it is shown that coastal areas as 
well as the southern ones need a higher correction factor due to the higher temperatures and 
the bigger evaporation conditions which a mentioned previously affects negatively the wall’s 
thermal properties. 

3.4 Heating and cooling demand 
As mentioned before, the main consumed energy in the building sector corresponds to space 
heating and cooling, (Huang & Gurney, 2016). In the study performed by Joelsson & 
Gustavsson, (2009) different heating systems were considered, and they concluded that 
district heating systems had the lowest energy demand use of all the alternatives analysed. 
This work also proved that heating technology has a great influence on the energy usage, and 
therefore the energy costs for heating.  

Sweden in the year 1973, during the second generation of district heating, started the 
transition from oil-based district heating to coal based, which was due to the oil crisis (Di 
Lucia & Ericsson, 2014). In the second generation, the main fuels used were coal and oil 
(Lund et al., 2014). In which the technology used was CHP and only heat boilers. After this, 
large scale CHP plants were constructed and with them the third generation of district 
heating, here the fuel changed mainly to biomass and waste (Lund et al., 2014). In Sweden, 
being one of the biggest users of district heating in Europe, 53% of the fuel mix is biomass 
based (Di Lucia & Ericsson, 2014).  

District heating plants do not only provide heat for space heating but also, they provide low-
temperature domestic hot water, cooling, and electricity (Lake, Rezaie, & Beyerlein, 2017). 
This will depend on numerous factors, among which the local and national policies are 
included. These policies should shift the sources and fuels for district heating and cooling 
systems to more sustainable options. Some countries, such as Denmark, Finland and Sweden 
have assigned higher municipality taxes to finance the municipal responsibilities (Werner, 
2017b). Especially in Sweden, the government has more ambitious laws for the 
implementation of district heating, while on the other hand other has less progressive energy 
laws (Werner, 2017b). Although Sweden never implemented a specific policy for district 
heating and cooling (Werner, 2017a).  
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The Swedish government was inspired by the European discussions about taxation for CO2 
emissions, and implemented it in 1991 (Schweden, 2001). This tax has increased four times 
since its implementation (Werner, 2017a).  Since this tax was applied the fossil fuels 
emissions have been reduced, this was not only due to the taxation on emissions, but also the 
taxes on the usage of fossil fuels (Werner, 2017a).  

 In Europe heating degree days are twelve times higher in the northern part than in the 
southern parts (Werner, 2017b). Therefore, in the north of Europe the heating plays a major 
role, whereas cooling is the biggest energy consumers in the south. District cooling systems 
are growing steadily in the recent decades, nowadays there are around 150 district cooling 
systems are in operation (Werner, 2017b).  The study performed by Rodriguez-Aumente, 
Rodriguez-Hidalgo, Nogueira, Lecuona, & Venegas, (2013) showed that the use of district 
cooling systems in the warmer months of the year, from May to September, the demand from 
the district heating systems can be incremented by around 30% while still being competitive 
with the existing electric air conditioning systems. 

Spain is one of the few countries which is investigating a central district heating and cooling. 
This evaluation is done by investigating the use of trigeneration, the operating costs, 
electricity prices and subsidies that need to be optimized (Rodriguez-Aumente et al., 2013). 
District cooling volume demands are much smaller than the district heating demands 
(Werner, 2017b). Although this system has increased, the most common cooling system in 
Spain is electric air conditioning. There are three different categories within air conditioning 
systems, central, movable units and fixed room air conditioners; and all these systems are 
used in both commercial and residential buildings (Cohen et al., 2001). The installed capacity 
of these systems in Europe is expected to continue growing but at a decreased rate.  

Calculating how much of the total electricity consumption is used by air conditioning systems 
was analysed in the study performed by Izquierdo, Moreno-Rodríguez, González-Gil, & 
García-Hernando,(2011). This study analysed the outdoor temperatures, and its effect on the 
electricity consumption, the results showed that 6.7% of the total electricity consumption in 
the region of Madrid was by the air conditioning systems. During the summer when the air 
conditioning is at its highest demand many people are on holiday, and many households and 
schools are empty. This lead to having 33% of the total maximum peak demand for electricity 
being used for air conditioning units.   

The research performed by Werner, (2017b) concluded that district heating systems with 
district cooling have a higher efficiency when compared with individual heating and cooling 
devices. Although, in the research done by Joelsson & Gustavsson, (2009) showed that for 
small systems, heat pumps are more economically competitive as compared with small 
district heating systems or pellet boilers. This is due to the lower costs for small heat 
demands, and these low demands happen in detached remote buildings.  
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3.5 PV panels and other renewable sources 
Another way to have more efficient buildings would be to have a high penetration of 
renewable energy sources, with this the consumed electricity could come from a fossil fuel 
free source.  

Zhou, Lu, Liu, Chang, & Wang, (2017) studied the different designs and positions of using 
wind turbines in residential buildings. Among all the designs analysed in the study, the 
results showed that having a micro wind turbine with a 2 m diameter is most optimal. Also, 
this design should have a composite prism around the turbine to provide a maximum wind 
amplification than the others analysed.  

Another option which will be analysed in the simulations of this thesis is solar energy. Which 
can be used in different ways, such as PV panels, or having solar collectors for hot water 
usage. 

In PV systems there are different generations according to the materials used and the level of 
commercial maturity (Solar photovoltaics, 2012). The materials of the PV panels affect the 
efficiency of the panels, in the study performed by Martins, (2017) showed that those panels 
with polycrystalline show an efficiency between 14-18%, whereas is C-Si is used the efficiency 
of the panels can increase up to 24%. Although the material is not the only factor which 
affects the efficiency of the panels, the two other factors which can influence it is the cell 
temperature and the solar irradiance.  

Support schemes have been implemented in many member states in the EU, such as feed-in 
tariffs, quotas with tradable green certificates or auctions where the generators compete for 
some financial aid and to the cheapest bet the project is awarded (Trujillo-Baute, del Río, & 
Mir-Artigues, 2018). Although the most used is feed-in tariff to promote renewable energy 
penetration, because it is more economically effective than the others. This system has 
limitations such as the restriction on the maximum power flow that can be injected to the 
grid (Litjens, Worrell, & van Sark, 2017). The electricity price is not only affected by these, 
but also by the specific regulations in the analysed country.  

A study performed by Nyholm et al., (2016) analysed the battery systems to have a higher 
self-consumption and self-sufficiency in Sweden. Having a battery system for PV panels can 
increase the capacity of self-consumption. The results showed that in Sweden seasonal 
storage is needed, and the battery system size needs to be increased far beyond the point 
where the added capacity has very small impact in the self-consumption capacity.  

PV panels have to be correctly oriented to maximize the electricity production, if the system 
is correctly design the self-consumption in residential systems can increase 5,4% (Litjens et 
al., 2017). But specifically, in the case of Sweden, the PV self-consumption of apartments and 
detached houses can be increased by respectively 2 and 3% if the design of the PV systems is 
optimized (Widén, Wäckelgård, & Lund, 2009).  

The PV panels can be integrated in the building, on the roof or mounted on a rack. Biyik et 
al., ( 2017) showed that rack mounted systems are more efficient compared with building or 
roof mounted systems. This is because when the system is seated on a rack the designed 
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system can be optimized and the temperature of the cells are lower than when integrated into 
another system, this has been analysed in different studies (Biyik et al., 2017), (Poulek, 
Matuška, Libra, Kachalouski, & Sedláček, 2018). It is more economically beneficial to have 
PV panels on the building connected to the grid than stand-alone systems, this is due to the 
selling contracts.  If the system is a stand-alone the produced electricity will be sold at spot-
price while if the system is on the building the produced electricity will be replaced by the 
bought electricity, at a buying price which includes taxes and different tariffs.  

One of the biggest potential countries with solar potential in Europe is Spain, but the optimal 
design differs on the purpose of the building and the exact location within the country, this is 
studied in Gallo, Molina, Prodanovic, Aguilar, & Romero, (2014). In this study is also shown 
that countries with a higher cooling demands present higher values on self-consumption, this 
is because when the sun is shining most is when the consumption is higher. It also showed 
that schools have worse performance of the systems because the buildings are normally 
closed during the summer months, and these months are the ones where the PV production 
is highest.  

Different studies, Hafez, Soliman, El-Metwally, & Ismail, (2017), Litjens et al., (2017) among 
others, analyse the different optimal solutions for the design of the PV systems in different 
situations.  
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4 CURRENT STUDY 

The first subchapter here will explain the different cases under study, then the input data for 
all the cases will be stated and then in the sensitivity analysis, which parameters have been 
changed is explained. In the study case and in the input data chapter the implementation in 
IDA ICE is included.  

4.1 Case study 
The building being analysed in this thesis will be built adding some of the parts shown in the 
Figure 3 below. But for the purpose of the simulation it will be considered as one complete 
building.  

 

 

Figure 3: Husmuttern’s building idea 

There are four different cases which will be studied in this thesis. Two being schools and the 
other two apartments, one of each of these will be simulated in two different locations, Spain 
and Sweden.  
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4.2 Input data  
In this next chapter the necessary input data is explained how it has been inserted in the 
model as well as mentioning where the information was obtained. In the appendices attached 
at the end of this report, the input reports obtained from IDA ICE for the different models are 
attached.  

4.2.1 Geometry 

In Figure 4, the model created in IDA ICE is shown. For the simulation of the school 2 zones 
are considered, one being the classroom and the other being the attic, which was added just 
to make the energy balance more realistic since there will be an empty storage room up there. 
The classroom was considered to be 2.2 m high and it will take all the ground floor area, 
55.98 m2. Whereas the modelling for the apartments, three different zones will be 
considered; one the living room, other being the bedroom and in this case the attic was also 
implemented. The living room is twice bigger than the bedroom, the first will have a surface 
area of 36 m2, and the later one’s surface area is 19 m2, the difference between the total area 
in the school and in the apartments is the inner wall which separates the two rooms. 
Therefore, there will be some differences in the simulations among the two rooms.  

 

Figure 4: IDA ICE model 

Since the real location of the buildings is not yet decided, the orientation of the buildings for 
the simulation will be chosen to obtain the maximum PV production, the chosen angle is 
148º.  

4.2.2 Materials 

For all the different cases the materials of the ceiling and the floor are considered to be the 
same. The floor will have the characteristics are shown in Table 2.  
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Table 2: Floor materials for all cases 

Material Thickness (mm) Implementation in IDA ICE 

Floor plate (traditional) 5 Floor coating example 

Plaster board 12 Gypsum example 

Insulation  350 Frames cc. 600 with insulation 

plywood 12 -- 

 

The plywood used in the floor design has a density of 545 kg/m3, a specific heat of 1215 
J/kg*K and a thermal conductivity of 0,12 W/m*K (‘Validation of a PCM simulation tool in 
IDA ICE dynamic building simulation software using experimental data from Solar Test 
Boxes’, n.d.). In the thesis written by (Lundvall, n.d.) the materials and thickness of them 
were analysed, and the optimal solution for Sweden is: 

Table 3: External wall materials for Sweden 

Material Thickness (mm) Inserted in IDA ICE 

Wood panel 22 Wood example 

Air gap  28 Interpolated  

Windscreen  9 Extruded polystyrene  

Mineral wool with centre spacing 350 Frame cc. 600 with insulation 

Chipboard 13 Chipboard example 

Plaster board 2 x 13 Gypsum  

 

After the interpolation the value for the thermal conductivity for the air gap of 28 mm is 
0.158 W/m*K. This interpolation was done with the values given by IDA ICE.  
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In the literature study it was concluded that in Spain the materials used for the construction 
of the buildings are different due to the different climate (Pérez-Bella, Domínguez-
Hernández, Cano-Suñén, Alonso-Martínez, et al., 2015).  

Table 4: External wall materials Spain 

Material Thickness (mm) Implementation in IDA ICE 

Facing brick 115 Brick example, but with a U-
value of 0.60 

Polyurethane foam 200 
Density= 64 kg/m3 

U value= 22 ∗ 10BC W/m*K 

Extruded brick 40 U value 0.45 

Gypsum board 15 Gypsum example 

 

In order to insert these materials in the model to obtain the correct consumptions the 
characteristics of each material have been researched. The extruded polystyrene used for the 
screen was assumed to have a thermal conductivity of 0.186 W/m*K (Jarfelt & Ramnäs, n.d.). 
The characteristics for the bricks were obtained from the following studies (Jarfelt & 
Ramnäs, n.d.) and (Binici, Aksogan, Bodur, Akca, & Kapur, 2007).  

For the model of the apartment two rooms were considered, therefore an internal wall has to 
be inserted, the values used were the default values without insulation given by IDA ICE, 
Table 5 shows more detail about the materials and their thickness.   

Table 5: Material for inner walls 

Gypsum 0,026 m 

Air gap 70 mm 0,07 m 

Gypsum 0,026 m 

 

When inserting the attic zone, in both cases, an internal ceiling had to be inserted in order to 
obtain the heat transfer between the zones, this internal ceiling was assumed to be 
constructed with the following materials. This layer was chosen as the inner ceiling in the 
ground floor zones and as the inner floor for the attics.  
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Table 6: Inner ceiling and floor 

Material Thickness (mm) Implementation in IDA ICE 

Floor plate 100 Floor coating example 

Plaster board 12 Gypsum example 

Plywood 12 Plywood 

 

The roof was assumed to be wood joist roof default values from IDA ICE, these values can be 
seen in Table 7.  

Table 7: Materials for external roof 

Light insulation 0,365 m 

Wood 0,022 m 

Gypsum 0,013 m 

 

In the Annexes attached at the end of the report the average U-value of the walls, floor, and 
other parts of the buildings are stated.  

4.2.3 Windows and doors 

All the windows and doors are assumed to be the same for all the cases, the information 
about the design has been provided by Johan, CEO of Husmuttern. The doors have a size of 
1000*2000 mm, and the windows 500*1000 mm and they will have a U-value of 4,05 
𝑊 𝑚8 ∗ 𝐾⁄ .  

The windows have triple glazed, with a U-value of 1,9 𝑊 𝑚8 ∗ 𝐾⁄ . And the position of all them 
was provided by Husmuttern. For the door the material used is default furniture, due to the 
lack of information 

4.2.4 Occupants and schedule 

The number of occupants and their schedules in the building vary in the different cases, when 
the purpose of the building is a school, 30 people are considered, where the corresponding 
teacher is included. This is under the limits set by the two countries considered. In Spain the 
BOE states that the most students a classroom can have is 30 in secondary schools and 35 in 
high schools (Real Decreto 132/2010, Boletín Oficial del Estado, 12 de febrero, 2010). In 
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Sweden for classrooms and group rooms have an average of 19 of students (Radio, 2018), 
however there is not set limitation as in Spain. Although these differences, the same number 
of occupants are assumed in order to compare the consumptions.  

When considering the building to be an apartment, 2 people are considered to live in it for 
the case of Spain. This assumption was made after analysing the "Instituto Nacional de 
Estadística. (Spanish Statistical Office)", 2018), from here we obtained that almost 60% of 
the apartments of similar size than the one being modelled have 1 or 2 people living in it. 
Sveby shows that the average number of people living in an apartment with one room plus a 
kitchen/living room is 1,42 (Brukarindata bostäder, 2018).  

The schedule for the occupants of both purposes of the buildings are quite opposite, and it 
can be seen in Table 8.  

When simulating the school, the holidays need to be considered, both countries have 
different school holidays. Only the summer holidays are inserted because the other holidays 
during the school year differ among areas within the countries ("School holidays European 
Union", n.d.). In Spain the summer holidays for the year 2018 are from 22/June until 
09/September and in Sweden the schools are closed during 11/June until 19/August.  

Table 8: Time schedule  

Purpose 

 

Hours  

School 
Monday-Friday  

06:00-17:00 

Apartments 

Bedroom 
Monday-Sunday  

22:00-06:00 

Living room  

Monday-Sunday 

06:00-08:00 

18:00-22:00 

 

4.2.5 Energy source and its efficiency  

The input energy for the model is different in the locations; in Sweden, the heat, cooling and 
hot water consumption is assumed to be from district heating and cooling system with an 
efficiency of 0.98. In Spain, the heating is from fuel heating, the cooling is assumed to be 
electric and the hot water is also assumed to be from fuel.  
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4.2.6 Energy demands 

4.2.6.1. Internal gains 

Internal gains can be defined as the heat emitted by the people in the house. According to 
Sveby in a school the internal gains are 22 kW/m2, year, in the case of an apartment the 
recommendation as an input for the simulation is 80 W/person (Brukarindata bostäder, 
2018).  

These units cannot be inserted in IDA ICE; therefore, they have to be transformed to MET; 
one MET is equivalent to 58,2 W/m2. Doing the appropriate calculations, we obtain the 
following results to insert in the model.  

Table 9: Internal gains  

Case  Internal gains  Input for IDA (MET) 

Apartment 80 W/person, year 0,6 

school 22 kW/m2, year  0,8 

 

In Spain there are no recommendations for inputs in this matter, therefore it was assumed to 
be the same as in Sweden. The clothing level of the occupants in all the cases is left with the 
default values.  

4.2.6.2. Energy consumption for heating the water 

In water consumption there is not an approximation available in the Spanish legislation, but 
again SVEBY in Sweden has made recommendations for both, apartments and schools. This 
has also been implemented in the Spanish cases. The values can be seen in Table 10.  

Table 10: Water consumption 

Case Water consumption 

School 10 kWh/m2, year 

Apartment 20 kWh/m2, year 
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4.2.6.3. Heating and cooling 

The model needs a mean to provide heat and cooling, in all the cases ideal heaters and 
coolers have been chosen. In the schools the max power required for cooler and heater is 
5598 W at the maximum need. When modelling the apartment, one heater and one cooler 
were implemented in the living room and another of each in the bedroom. These ideal 
heaters and coolers in the apartments were assumed to have a maximum power of 1000 W 
each.  

4.2.6.4. Lights and equipment 

Also, the used equipment and lights in the buildings must be inserted in the model. In the 
school the amount of lighting mentioned in the paper written by Herrando et al., (2016) is 
used. This stated that 15W/m2 should be implemented in the model which is 840 W/year. 
The equipment used for all the simulations was 171 W, in the apartment one of this 
equipment were installed in each room. In this equipment, in the apartments, the lighting in 
included.   

4.2.7 Airing, ventilation and infiltration 

When performing the simulations an air handling unit has to be implemented. A return air 
handling unit has been assumed in all the cases with the following characteristics. The 
minimum requirement for airflow for apartments in Sweden is 0,35 l/s*m2. For schools the 
airflow has to be 3 l/s*m2 this flow was inserted as return airflow, the supply was considered 
to be 0; this was a recommendation from IDA ICE itself. Sveby also recommends that 7 l/s* 
person needs to be added when the students are there (Brukarindata bostäder, 2018). Some 
calculations had to be done in order to obtain the necessary l/s for the input.   

The BBR standard in Sweden shows that 0,8 l/s*m2of external surface with a pressure difference of 
50 Pa are the optimal values for the simulation, thus this was implemented in the model 
(‘Boverket´s building regulations – mandatory provisions and general recommendations, 
BBR’, n.d.).  

4.2.8 Indoor temperature and characteristics 

The aim of having a good ventilation system is to keep the correct temperature for the 
occupants in the building. After doing the appropriate research the average temperature 
chosen for the simulation is 24 ºC for Spain (REAL DECRETO 486/1997, Boletín Oficial del 
Estado, 14 de abril, 1997) and 21ºC for the apartment in Sweden and 22 ºC in school 
(Brukarindata bostäder, 2018). For these reasons the heating turns on at 21 ºC and the 
cooling at 22 ºC in the apartments but in the schools the cooling starts at 25 ºC.  
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4.2.9 PV panels characteristics and wind turbine 

In order to have the most optimal power generation from PV panels means that they must be 
installed in the correct way, there are several factors which need to be taken into 
consideration when designing position of the panels.  

The optimal tilt angle changes with locations and time of the year, for example if you 
prioritise the electricity production in winter the panels should be more tilted than in the 
summer (Hafez et al., 2017). Also, the study performed by (Litjens et al., 2017) analysed the 
different demand options on their optimal values for tilting and azimuth angles.  

The chosen tilt angle for the panels is 30º, this was studied in (Hafez et al., 2017) and (Litjens 
et al., 2017). The orientation of the building 148º, so the panel can be at 212º North. The total 
area used in the simulations is 21 m2, with a width of 6 m. The overall efficiency of the 
installed panels is assumed to be 0,1, this is the default value in IDA ICE. These values are 
chosen for all the case studies.  

As mentioned before other renewable energy producers are considered in this thesis, a wind 
turbine is inserted near the buildings. It is assumed to have a max power of 5300 W. The 
wind profile chosen for the simulation is default urban.  

4.3 Sensitivity analysis 

4.3.1 U-values  

The overall U-value for the building is given by the program, then it will be changed by  ± 
20% and ± 50%. The simulations will be run with the changes and then both results will be 
compared to analyse the impact of the U-value of the building in the energy consumption.  

4.3.2 PV panels and wind turbine 

When performing the initial simulation, all the cases will be simulated without PV panels. 
When the needed results are obtained, then the PV panels will be added in the models. In 
IDA ICE the panels can only be set on one side, but by changing the azimuth angle in the 
panels we can insert them on the other side as well. Both of these simulations have to be done 
separately, then the electricity produced by the two panels will be summed.  

Also, a wind turbine is inserted near the buildings.  

4.3.3 Windows and doors 

In the base scenarios the windows considered are 3 pane glazed, if they were to be changed to 
4 pane glaze the effect of the energy consumption of the building will be analysed. And the 
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doors are changed to have other materials with a lower U-value and then the simulation is 
run again to obtain the energy demand in that case.  

4.3.4 Hot water production 

The hot water production is one main consumers of energy in buildings. The production is 
also increased and decreased in 20% and 50% intervals. After the simulation is done all the 
results are gathered in chapter 5.5. 
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5 RESULTS 

The obtained results during this thesis are shown and explained in the following 
subheadings.  Several simulations were performed, in both locations the two material 
combinations are considered in order to compare the results, the wooden combination relates 
to the optimal combination of the materials for Sweden and the brick combination relates to 
the Spanish optimal combination.  

5.1 Case study Spain 
Firstly, the Spanish models were simulated. The school’s simulation was performed before 
the single-family apartment.  

5.1.1 School 

Here in Figure 5 we can observe the mean monthly air temperature in the classroom when 
the model is simulated in Spain, this temperature is the monthly average. As expected higher 
room temperatures are noticeable in the summer months than in winter but increment in 
temperature through the months in the year is stable. The temperatures stay between 21 and 
25 ºC, which was to be expected because those values were input for turning on of the heaters 
and coolers.  

 

Figure 5: Operative temperature in the classroom 

In Figure 6 and Figure 7 the monthly average heating and cooling demands with the two 
combinations of materials are shown. It can be noticeable that the brick combination has a 
higher demand than the wooden building, this appeals to both the heating and the cooling 
demand.  
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Figure 6: Heating and cooling demand with brick construction 

In Figure 6, the monthly average heating and cooling demand in brick construction, the peak 
in the cooling demand is in August, whereas in the wooden construction the peak happens in 
September with a smaller peak in May. In Figure 7, is shown that the cooling demand spreads 
throughout more months in the year than in the other simulation. Also, if the building was 
constructed with the wooden combination the heating demand is much lower than the other 
case.  

 

Figure 7: Heating and cooling with wood construction 

In Figure 8 the hourly heating demand for the 1st of January and cooling demand the 1st of 
August are shown, these demands correspond to the brick construction. It can be noticed that 
the heating demand is lower when the occupants are there, this is due to the heat emitted by 
the people inside and this counteracts the need for heating to obtain the appropriate indoor 
temperatures.  
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Figure 8: Hourly heating and cooling demand 

5.1.2 Single family apartment 

Figure 9 shows the monthly temperature inside the living room as well as in the bedroom in 
the apartment in Spain. In the winter months the difference between the temperature in both 
rooms is slightly bigger than in the summer months. This difference among the rooms is due 
to the orientation of the building.  

 

Figure 9: Operative temperature in living room and bedroom 

In Figure 10 and in Figure 11 the total cooling and heating demand are shown. It is 
appreciable that the heating demand is higher than the demand obtained from the simulation 
with the other material combination.  
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Figure 10: Cooling and heating demand in brick construction 

In the optimal combination of materials in Spain the cooling demand spreads throughout less 
months than in the other combination. The apartment simulated with the brick combination 
requires less heating, cooling and thus overall energy demand.  

 

Figure 11: Cooling and heating demand in wood construction 

In Figure 12, the hourly heating demand during the 1st of January and the cooling demand for 
1st of August are shown in the two rooms in the apartment. There are some differences among 
the rooms, this is due to the schedule of both rooms. The cooling demand shows the highest 
peak in the living room late in the day, on the other hand for the heating demand during 
those hours the demand is at its lowest.  
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Figure 12: Hourly heating and cooling demand 

The heating demand in both rooms is lower when the occupants are there, this is due to the 
internal gains.  

5.2 Case study Sweden 
Again, firstly the results obtained from the simulation for the school and then the apartment.  

5.2.1 School 

In Figure 13, the monthly average temperatures in the classroom are shown. As mentioned 
before, the temperature stays between the limits of 21 and 25 ºC. The temperature in the 
winter months stays even and then increases rapidly as the summer months approach.  

 

Figure 13: Operative temperature in the classroom 
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In Figure 14 and in Figure 15 the results for the hourly average heating and cooling demand 
are shown. It is noticeable that there is a small demand for cooling both simulations, 
although the demand is slightly higher in the wood construction. On the other hand, the peak 
demand for heating is higher in the brick construction than in the other case but in the latest 
the demand is more spread out during the year.  

 

Figure 14: Cooling and heating in wood construction 

The heating peak in both materials happens in February which was expected because it is in 
the middle of winter. But on the cooling small peak there is a difference, in the wooden 
construction it appears to be in August and in the brick combination it happens in July. It 
should be mentioned that the brick combination requires much higher heating to obtain the 
same indoor characteristics.   

 

Figure 15: Cooling and heating demand in brick construction 

In Figure 16, the hourly heating and cooling demand corresponding to the 1st of January and 
the 1st of August respectively. It can be noticed that the heating demand is highest during the 
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school hours, this is opposite than in Spain. But similarly, the cooling demand happens late 
in the day. The ideal heater and cooler are assumed to be on every day all the hours.  

 

Figure 16: Hourly heating and cooling demand 

 

5.2.2 Single family apartment 

Figure 17 shows the inside the apartment in both rooms, the bedroom and the living room. In 
this case the temperatures are below the range. And here the difference among the rooms 
happens in the summer. Also, in the winter months the temperature stays even.  

   

Figure 17: Temperature of the living room and the bedroom 
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As for the heating and cooling demands, shown in Figure 18 and Figure 19, the wooden 
construction has a higher demand for cooling and the brick construction has a higher heating 
need.  

 

 

Figure 18: Heating and cooling demand with wood construction 

Both combinations of materials show that the cooling peak in July. And the heating peak is 
also in the same month, in February.  

In the wooden construction the cooling demand is spread throughout more months then in 
the other case.  

 

Figure 19: Heating and cooling demand in brick construction 
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In Figure 20 the hourly average hourly heating and cooling demand during the 1st of January 
and 1st of August respectively. The cooling demand for the living room is 0 at that specific 
day. But other days in the previous month show cooling demand in the late hours of the day.  

 

Figure 20: Hourly heating and cooling demand 

5.3 Comparison between cases 
In Table 11, the different energy demands for the two purposes of the building in Sweden, in 
both material combinations. And the same results but when the models were simulated in 
Spain are shown in Table 12.  

Table 11: Total energy delivered in all the scenarios in Sweden 

Västerås 

 
School Apartment 

 
Brick Wood Brick Wood 

Cooling (kWh) 138 354 59 636 

Heating (kWh) 34501 7408 9644 5577 
     

Total (kWh) 34639 7762 9703 6213 

 

In both cases, school and apartment, the wooden combination of materials for the exterior 
wall show lower total demand. The school, with the brick solution gives a demand which is 
too high.  
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Table 12: Total energy delivered in all the scenarios in Spain 

Sevilla 

 
School Apartment 

 
Brick Wood Brick Wood 

Cooling (kWh) 2548 4217 992 3523 

Heating (kWh) 9579 1422 3300 2436 
     

Total (kWh) 12127 5639 4292 5959 

 

In the case of Spain, the school with the brick combination again shows a much higher 
demand than with the other material combination. But in the case of the apartments, the brick 
combination gives a lower overall demand, due to the great difference in the cooling demand.  

5.4 Sensitivity analysis 
In this chapter some of the inputs for the models are changed and the results are shown in 
the tables below. The changed values are the overall U-value, the renewable energy producer 
and the hot water production. The sensitivity analysis is performed to analyse the total 
energy consumption, not only heating and cooling.  

5.4.1  U value.  

The overall U value is changed as explained in chapter U-values. The results are shown in 
Table 13, Table 14, Table 15 and Table 16. After the overall U-value has been varied, the 
window and the door are changed to analyse the impact of these in the total energy 
consumption. The results shown here correspond to the simulation of wood construction in 
Sweden and brick in Spain.  
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Figure 21: Sensitivity analysis results 

In Figure 21 some of the results from the sensitivity analysis are shown in a graphic format. 
Here we can observe that both the school and apartment in Västerås give a bigger difference 
in the total energy demand when the overall U-value is reduced by 20%. The reduction in the 
apartment in Sevilla is around half of the decrease in the other cases when the overall U-
value is reduced by 50%. 
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Table 13: School Västerås for the U-values 

 
kWh kWh/m2 

Difference 
(kWh) 

Difference 
(kWh/m2) 

Base Case 

U-Value= 0.1649 
11 593 207,1 - - 

+20%  

U-value=0.198 
12 081 215,8 

+488 

+4,2 % 

+ 8,1 

+ 4,2 % 

-20% 

U-value= 0,13192 
11 134 198,9 

-459 

-3,96 % 

- 8,2 

- 3,96 % 

+50% 

U-value= 0,24735 
12 860 229,7 

+ 1 267 

+ 10,93 % 

+ 22,6 

+ 10,91 % 

-50% 

U-value= 0,08245 
10 516 187,9 

-1 077 

- 9,29 % 

- 19,2 

- 9,27 % 

4-pane window 

U-value= 1,46 
11 487 205,2 

-106 

0,91% 

- 1,9 

- 0,92 % 

Door 

U-value= 4.05 

No available 
results 

No available 
results 

No available 
results 

No available 
results 
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Table 14: School Sevilla for the U-values 

 
kWh kWh/m2 

Difference 
(kWh) 

Difference 
(kWh/m2) 

Base Case 

U-Value= 0.3517 
17 706 316,3 - - 

+20%  

U-value=0.42204 
18 106 323,4 

+ 400 

+ 2,26 % 

+ 7,1 

+ 2,24 % 

-20% 

U-value= 0,28136 
17 299 309,0 

- 407 

- 2,3 % 

- 7,3 

- 2,3 % 

+50% 

U-value= 0,52755 
18 703 334,1 

+ 997 

+ 5,63 % 

+ 17,8 

+ 5,23 % 

-50% 

U-value= 0,17585 
16 681 298 

- 1 025 

- 5,8 % 

- 18,3 

- 5,8 % 

4-pane window 

U-value= 1,46 
17 662 315,5 

-44 

- 0,25 % 

- 0,8 

- 0,25 % 

Door 

U-value= 0,24 
17 342 309,8 

- 364 

- 2,05 % 

- 6,5 

- 2,06 % 
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Table 15: Apartment Västerås for U-values 

 
kWh kWh/m2 

Difference 
(kWh) 

Difference 
(kWh/m2) 

Base Case 

U-Value= 0.1649 
10 275 183,5 - - 

+20%  

U-value=0.198 
10 744 191,9 

+ 469 

+ 4,56 % 

+ 8,4 

+ 4,58 % 

-20% 

U-value= 0,13192 
9 810 175,2 

- 465 

- 4,52 % 

- 8,3 

- 4,5 % 

+50% 

U-value= 0,24735 
11 455 204,6 

+ 1 180 

+ 11,5 % 

+ 21,1 

+ 11,5 % 

-50% 

U-value= 0,08245 
9 145 163,4 

- 1 130 

- 11 % 

- 20,1 

- 11 % 

4-pane window 

U-value= 1,46 
10 173 181,7 

- 102 

- 1 % 

- 1,8 

- 1 % 

Door 

U-value= 4.05 
9 471 169,2 

- 804 

- 7,8 % 

- 14,3 

- 7,79 % 
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Table 16: Apartment Sevilla for the U-vlaue 

 
kWh kWh/m2 

Difference 
(kWh) 

Difference 
(kWh/m2) 

Base Case 

U-Value= 0.1649 
7 514 134,2 - - 

+20%  

U-value=0.198 
7 623 136,2 

+ 109 

+ 1,45 % 

+ 2 

+ 1,49 % 

-20% 

U-value= 0,13192 
7 410 132,4 

- 104 

- 1,38 % 

- 1,8 

- 1,34 % 

+50% 

U-value= 0,24735 
8 265 147,6 

+ 751 

+ 9,99 % 

+ 13,4 

+ 9,99 % 

-50% 

U-value= 0,08245 
6 984 124,8 

- 530 

- 7,05 % 

- 9,4 

- 7 % 

4-pane window 

U-value= 1,46 
7 489 133,8 

- 25 

- 0,33 % 

- 0,4 

- 0,3 % 

Door 

U-value= 4.05 
7 277 130,0 

- 237 

- 3,15 % 

- 3,8 

- 2,84 % 
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5.4.2 PV and wind power production 

In this chapter the results of the simulation of the models with the renewable sources. In all 
cases both PV and the wind turbine. In Table 17, the results for the PV and wind turbine 
production in Västerås.  

Table 17: PV production in Västerås 

   
Total  

PV panels Right side 2 336 (kWh) 3 627 (kWh) 

 
Left side 1 291 (kWh) 

 

Wind turbine   22 (kWh) 

 

Whereas, in Table 18 shows the results for the simulations performed in Sevilla.  

Table 18: PV production in Sevilla 

   
Total  

PV panels Left side 3 682 (kWh) 5935 (kWh) 

 
Right side 2 253 (kWh) 

 

Wind turbine 
  

24 (kWh) 
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5.4.3 Hot water production 

Another factor whose impact in the overall consumption is analysed is the hot water 
production, in the following tables the results are shown for the different simulations.  

 

Table 19: Hot water production sensitivity analysis school Västerås 

 
kWh kWh/m2 

Difference 
(kWh) 

Difference 
(kWh/m2) 

Base Scenario  

HW = 10  
11 593 207,1 - - 

+20% 

HW = 12 
11 833 211,4 

+240  

+ 2,07 % 

+4,3 

+ 2,08 % 

-20% 

HW = 8 
11 378 203,3 

- 215 

- 1,85 % 

- 3,8 

- 1,83 % 

+ 50% 

HW = 15 
12 177 217,53 

+ 584 

+ 5,04 % 

+ 10,43 

+ 5,04 % 

-50% 

HW = 5 
11 043 197,3 

- 550 

- 4,74 % 

- 9,8 

- 4,73 %  
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Table 20: Hot water production sensitivity analysis school Sevilla  

 
kWh kWh/m2 

Difference 
(kWh) 

Difference 
(kWh/m2) 

Base Scenario  

HW = 10  
17 706 316,3 - - 

+20% 

HW = 12 
17 955 320,7 

+ 249 

+ 1,41 % 

+4,4 

+ 1,39 % 

-20% 

HW = 8 
17 456 311,8 

-250 

- 1,41 % 

- 4,5 

- 1,42 % 

+ 50% 

HW = 15 
18 950 338,5 

+ 1244 

+ 7,03 % 

+ 22,2 

+ 7,02 % 

-50% 

HW = 5 
17 085 305,2 

-621 

- 3,52 % 

- 11,1 

- 3,51 % 
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Table 21: Hot water production sensitivity analysis apartment Västerås 

 
kWh kWh/m2 

Difference 
(kWh) 

Difference 
(kWh/m2) 

Base Scenario  

HW = 10  
10 275 183,5 - - 

+20% 

HW = 12 
10 727 191,6 

+ 452 

+ 4,4 % 

+ 8,1 

+ 4,4 % 

-20% 

HW = 8 
9 822 175,5 

- 453 

- 4,4 % 

- 8 

- 4,36 % 

+ 50% 

HW = 15 
11 408 203,8 

+ 1133 

+ 11 % 

+ 20,3 

+ 11 % 

-50% 

HW = 5 
9 142 163,3 

- 1133 

- 11 % 

- 20,2 

- 11 % 
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Table 22: Hot water production sensitivity analysis apartment Sevilla 

 
kWh kWh/m2 

Difference 
(kWh) 

Difference 
(kWh/m2) 

Base Scenario  

HW = 10  
7 514 134,2 - - 

+20% 

HW = 12 
8 008 143,1 

+ 494 

+ 6,57 % 

+ 8,9 

+ 6,63 % 

-20% 

HW = 8 
7 021 125,4 

- 493 

- 6,56 % 

- 8,8 

- 6,56 % 

+ 50% 

HW = 15 
8 749 156,3 

+ 1235 

+ 16,44 % 

+ 22,1 

+ 16,47 % 

-50% 

HW = 5 
6 281 112,2 

- 1 233 

- 16,41 % 

- 22,1 

- 16,39 % 
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6 DISCUSSION  

When comparing the performed simulations, we can observe some differences in the heating 
and cooling consumptions. In Table 11 and Table 12 the comparison among all the cases in 
the different material combinations are shown. The biggest differences are in the school 
simulations.  

If we compare the heating and cooling usage we need to keep in mind that for the case of 
Sweden, the heating and cooling is provided by district heating systems with a COP of 1 and 
in the case of Spain the cooling is electric with a COP of 3 and the heating and hot water 
production is from fuel and it has a COP of 1.  

If we compare the school simulations, it can be noticeable that in both locations the total 
cooling and heating consumption is lower with the wooden combination. In the case of 
Sweden, using bricks for the external walls means that the cooling demand will be 39% of the 
total demand if the wood combination was used, but in the case of the heating demand is 
different. The wooden combination only requires 21% of the energy the brick solution. If the 
total demand for cooling and heating is considered the wooden gives a 22% lower demand 
than the brick solution. If we pay a close look to Figure 14 and Figure 15 we can observe that 
the brick combination has a higher peak than the other, and with the wooden combination 
has a more evenly spread. From the presented results in Figure 14 and Figure 15 we can see 
that the cooling demand in Sweden in schools is very small compared to the heating demand. 
On the other hand, if we look at Figure 6 and Figure 7, the cooling and heating demand in 
schools in Spain we can see that cooling has a bigger impact than the heating, especially in 
the wooden construction it plays a very small role in the overall energy consumption. These 
differences are due to the big difference in outdoor conditions.  

In apartments the obtained results are different than those achieved from the school 
simulations. In this case the differences among material combinations are smaller than the 
other simulations. In each country there is one combination of materials which has a lower 
total energy consumption. For Sweden the wooden combination uses only 64% of the total 
used in the other material solution. Whereas in Spain the brick combination gives a 28% 
lower energy demand than the other material combination.  

Something to bear in mind when looking at the higher cooling consumptions is in the 
summer months, that is during the school summer holidays and then the schools are closed 
and that means that the cooling demand during that time could be ignored.  

When analysing the heat and cooling demands in the apartment simulations some 
differences are visible. In both cases the highest peak in heating and cooling are in brick 
combinations. Each location has a “better” material combination, this means one with a 
lower total energy consumption, in Spain the brick combination and in Sweden the wooden 
solution. These overall differences are smaller than those obtained in the school simulations.  

In the Spanish simulation the cooling demand is more spread out during the year than with 
the wooden combination whereas the brick solution gives a lower overall demand. The brick 
solution gives a higher need for heating, its peak is around 40% of the cooling demand, but 
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the total heating demand with the brick combination is 28% of the total demand in the other 
case. The cooling demand in the Swedish results is much lower than the heating demand.   

If we look closer at Figure 8, Figure 12, Figure 16 and Figure 20 we can appreciate the 
differences in the hourly demands. The plotted heating corresponds to the 1st of January and 
the cooling to the 1st of August. In Spain the cooling demands are higher in the later hours of 
the day in both simulations, schools and apartments. For the heating demands the peaks are 
situated in the mornings. In Figure 12 we can notice that the demands in the two rooms have 
a very similar shape, due to the similar needs.  

In Sweden, in the apartment simulations we can observe that the cooling and heating 
demand are evenly spread through the day, whereas in the other simulation, the school, the 
heat demand is highest when the students are there. In the apartments in Sweden 55% of the 
total energy demand is for heating the space; in the literature study we mentioned that this 
consumption should be 32% (Berardi, 2017), thus the need for room for improvement in the 
design. In the case of Spain, the demand compared is the total of heating and cooling 
summed up and it corresponds to 18% of the total. If these results were compared to the 
simulations of the schools we can observe that Sweden, and thus wooden combination, 67% 
of the total energy used in a year corresponds only to heating and cooling the space. In Spain 
the portion is very similar, 68%.  

After these results were obtained the sensitivity analysis was performed. In Table 13, Table 
14, Table 15 and Table 16 the results of varying the over-all U-value is changed as well as the 
door and window are presented.  

When the windows are. Changed from 3 panes glazed to 4, the biggest change appears in the 
Spanish apartments and the total energy consumption is reduces by almost 3%. And by 
changing the doors the biggest possible variation is in the Spanish school, and by reducing 
the heat transfer through it the overall energy consumption can be reduces by 8%. By varying 
the overall heat transfer in the building, the results are more noticeable in the apartments, 
especially in Sweden.  

Also, the electricity production by two different renewable sources were analysed. Comparing 
those values from the electricity produced from PV and a wind turbine. In Table 17 and Table 
18 we can observe that the turbine produces a very small amount, therefore it is not a feasible 
option. When installing the PV panels on the roof in both locations we can notice that Spain 
is able to produce 40% more than Sweden with the same design. As mentioned before the 
cooling system considered in Spain is electric, this the importance to relate the electricity 
production from PV to the consumption by the cooling system.  

In Spain the total yearly cooling demand in the school is 2548 kWh and 992 kWh for the 
apartment.  

According to Lake et al. (2017) district heating plants also provide low temperature hot water, 
because of this in the sensitivity analysis we also varied the hot water production. Within all 
the simulated scenarios the biggest possible change happened in the Spanish apartment. By 
reducing the hot water production by 20% the total energy demand can be reduced by 6,5%. 
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The less sensible case is the Spanish school, by reducing the same percentage of hot water 
production the overall energy consumption only varies 1,4%. In general, the apartments are 
more sensible to the variation of the hot water demand.  

According to Energikalkylen (2018) an apartment with the same characteristics as the one 
simulated here has a consumption of 4900 kWh/year, which is around half of the 
consumption of our model in the Swedish environment. The Spanish model is more similar, 
1,5 times higher than the recommendation for the consumption from energikalkylen. 
Specifically, in heating the recommendation for the consumption is 2100 kWh/year and in 
our model is 5577 kWh/year. Therefore, the heating system has to be improved in order to 
have a similar consumption to the recommendation.  

The report written by Bernardo et al. (2016) showed that the energy usage indicator is 412,16 
kWh/student, and having 30 students in our case means that the energy consumption is 12 
365 kWh/year. The simulations show that the Swedish school consumes 11 593 kWh/year 
and the Spanish the brick combination for the external walls has a consumption of 17 706 
kWh/year which is higher than the similar school locates in Portugal studied in the paper 
above mentioned.  
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7 CONCLUSIONS 

In this project the energy assessment for Husmuttern’s buildings is performed. From the 
results we obtained the following conclusions:  

1. When the energy consumption of these buildings is compared to similar already 
existing ones we can observe that some of the cases have similar consumptions 
whereas others don’t.  
In schools, the Swedish scenario has the most similar consumption. On the other 
hand, if the school was located in Spain the energy demand is higher.  
For apartments, according to Energikalkylen, Husmuttern’s buildings being used for 
apartments are not as efficient as they could be. There is a big difference in the 
heating and cooling consumption in the example model given by Energikalkylen and 
the results obtained from the simulation.  
 

2. When the locations are considered, there are factors which need to be changed in 
order to have lower demands, in this thesis different materials are considered. 
In colder climates the difference in the total heating and cooling consumption among 
the different materials is big, especially in the schools. This difference is greater in the 
heating demand than in cooling. Obtaining the “best” results with the expected 
material combination, the wooden.  
On the other hand, in warmer climates those differences are not as great as in the 
other cases.  
 

3. The performed sensitivity analysis showed various results: 
a. The overall heat transfer change has the biggest impact in the Swedish 

apartment and also in the school.  
b. When the window is changed from 3 glazed to 4, the Spanish apartment has 

the biggest possible change.  
c. When the heat transfer of the door is lowered, the energy consumption drops 

more in the Swedish apartment.  
d. By varying the hot water production, the apartments are the cases which 

obtain the bigger difference.  
 

4. From the simulation of the penetration of renewable sources, we can conclude that a 
wind turbine is not a realistic project, but PV is a great opportunity to change the 
source of electricity for the cooling demand in Spain. In the case of Sweden, the PV 
production is also high enough to consider installing a battery system in order to have 
a higher self-sufficiency.  
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8 SUGGESTIONS FOR FURTHER WORK 

In this study small buildings are the ones which have been analysed, it should be of interest 
to simulate and analyse bigger buildings.  

An economic analysis for this project was not considered. A future study on it would be 
valuable.  

Once the first building is built, it would be interesting to contrast the simulation results with 
the data from the actual building.  

To further analyse the energy efficiency improvement on these buildings, different types of 
ventilations could be investigated and simulated. Also, the heating systems need 
improvement to lower the consumption. Lastly, the optimization of the layers of materials to 
obtain the best combination to lower the energy consumption.  

As mentioned before the buildings analysed are modular, but we simulated them as a whole. 
Therefore, it would be of interest to analyse the possible thermal bridges where the parts are 
joint.  

In the sensitivity analysis some factors were varied and their impact on the overall energy 
consumption is analysed. An optimisation problem arises in the reduction of the overall U-
value.  
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APPENDIX 1: INPUT REPORT SWEDEN SCHOOL 
 

 

Input data Report

Project Building

 Model floor area 56.0 m2

Customer  Model volume 178.0 m3

Created by Cira Alba Vazquez Model ground area 56.0 m2

Location Västerås/Hasslö Afb_024460 (ASHRAE

2013)

Model envelope area 200.0 m2

Climate file SWE_VASTERAS-HASSLO-

AFB_024460(IW2)

Window/Envelope 1.5 %

Case School Vas Average U-value 0.1649 W/(m2 K)

Simulated 18/05/2018 11:14:52 Envelope area per Volume 1.123 m2/m3



 

 

 

  

  

Wind driven infiltration airflow rate 159.823 l/s at 50.000 Pa

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

Walls above ground 77.90 0.11 8.72 26.46

Walls below ground 0.00 0.00 0.00 0.00

Roof 61.12 0.10 5.81 17.61

Floor towards ground 55.98 0.08 4.62 14.00

Floor towards amb. air 0.00 0.00 0.00 0.00

Windows 3.00 1.91 5.73 17.38

Doors 2.00 4.05 8.10 24.56

Thermal bridges 0.00 0.00

Total 200.00 0.16 32.98 100.00

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

External wall / internal slab 59.90 m 0.000 W/(m K) 0.000

External wall / internal wall 2.20 m 0.000 W/(m K) 0.000

External wall / external wall 7.24 m 0.000 W/(m K) 0.000

External windows perimeter 18.00 m 0.000 W/(m K) 0.000

External doors perimeter 6.00 m 0.000 W/(m K) 0.000

Roof / external walls 31.30 m 0.000 W/(m K) 0.000

External slab / external walls 29.81 m 0.000 W/(m K) 0.000

Balcony floor / external walls 0.00 m 0.000 W/(K m) 0.000

External slab / Internal walls 0.04 m 0.000 W/(m K) 0.000

Roof / Internal walls 0.00 m 0.000 W/(K m) 0.000

External walls, inner corner 0.00 m 0.000 W/(K m) 0.000

Total envelope (incl. roof and ground) 199.77 m2 0.000 W/(m2 K) 0.000

Extra losses - - 0.000

Sum - - 0.000

Windows
Area

[m2]

U Glass [W/(m2

K)]

U Frame [W/(m2

K)]

U Total [W/(m2

K)]

U*A

[W/K]

Shading factor

g

NNE 1.00 1.90 2.00 1.91 1.91 0.68

ESE 0.50 1.90 2.00 1.91 0.95 0.68

SSW 1.00 1.90 2.00 1.91 1.91 0.68

WNW 0.50 1.90 2.00 1.91 0.95 0.68

Total 3.00 1.90 2.00 1.91 5.73 0.68

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]

Return air only

(no supply side)
0.00/400.00 0.00/0.60 0.00/0.67 0.00/0.00

DHW use kWh/m2 floor area and year Total, [l/s]

10.000 0.001

Occupant schedules in zones (click to expand/contract)

Lighting schedules in zones (click to expand/contract)

Equipment schedules in zones (click to expand/contract)

Controller setpoints in zones (click to expand/contract)

IDA Indoor Climate and Energy

Version: 4.71

License: IDA40:ED152/C2G7M (educational license)



 

 

APPENDIX 2: INPUT REPORT SPAIN SCHOOL 

 

Input data Report

Project Building

 Model floor area 56.0 m2

Customer  Model volume 178.0 m3

Created by Cira Alba Vazquez Model ground area 56.0 m2

Location Sevilla (Airport)_083910 (ASHRAE

2013)

Model envelope area 200.0 m2

Climate file ESP_SEVILLA-SAN-

PABLO_083910(IW2)

Window/Envelope 1.5 %

Case School Sev Average U-value 0.3517 W/(m2 K)

Simulated 17/05/2018 15:19:45 Envelope area per Volume 1.123 m2/m3



 

 

  

Wind driven infiltration airflow rate 159.941 l/s at 50.000 Pa

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

Walls above ground 77.90 0.53 41.38 58.83

Walls below ground 0.00 0.00 0.00 0.00

Roof 61.12 0.17 10.51 14.95

Floor towards ground 55.98 0.08 4.62 6.56

Floor towards amb. air 0.00 0.00 0.00 0.00

Windows 3.00 1.91 5.73 8.15

Doors 2.00 4.05 8.10 11.52

Thermal bridges 0.00 0.00

Total 200.00 0.35 70.34 100.00

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

External wall / internal slab 59.86 m 0.000 W/(m K) 0.000

External wall / internal wall 0.00 m 0.000 W/(K m) 0.000

External wall / external wall 9.44 m 0.000 W/(m K) 0.000

External windows perimeter 18.00 m 0.000 W/(m K) 0.000

External doors perimeter 6.00 m 0.000 W/(m K) 0.000

Roof / external walls 31.30 m 0.000 W/(m K) 0.000

External slab / external walls 29.93 m 0.000 W/(m K) 0.000

Balcony floor / external walls 0.00 m 0.000 W/(K m) 0.000

External slab / Internal walls 0.00 m 0.000 W/(K m) 0.000

Roof / Internal walls 0.00 m 0.000 W/(K m) 0.000

External walls, inner corner 0.00 m 0.000 W/(K m) 0.000

Total envelope (incl. roof and ground) 200.00 m2 0.000 W/(m2 K) 0.000

Extra losses - - 0.000

Sum - - 0.000

Windows
Area

[m2]

U Glass [W/(m2

K)]

U Frame [W/(m2

K)]

U Total [W/(m2

K)]

U*A

[W/K]

Shading factor

g

NNE 1.00 1.90 2.00 1.91 1.91 0.68

ESE 0.50 1.90 2.00 1.91 0.95 0.68

SSW 1.00 1.90 2.00 1.91 1.91 0.68

WNW 0.50 1.90 2.00 1.91 0.95 0.68

Total 3.00 1.90 2.00 1.91 5.73 0.68

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]

Return air only

(no supply side)
0.00/400.00 0.00/0.60 0.00/0.67 0.00/0.00

DHW use kWh/m2 floor area and year Total, [l/s]

20.000 0.001

Occupant schedules in zones (click to expand/contract)

Lighting schedules in zones (click to expand/contract)

Equipment schedules in zones (click to expand/contract)

Controller setpoints in zones (click to expand/contract)

IDA Indoor Climate and Energy

Version: 4.71

License: IDA40:ED152/C2G7M (educational license)



 

 

APPENDIX 3: INPUT REPORT SWEDEN APARTMENT 
 

 

Input data Report

Project Building

 Model floor area 56.0 m2

Customer  Model volume 176.0 m3

Created by Cira Alba Vazquez Model ground area 55.1 m2

Location Västerås/Hasslö Afb_024460 (ASHRAE

2013)

Model envelope area 198.6 m2

Climate file SWE_VASTERAS-HASSLO-

AFB_024460(IW2)

Window/Envelope 1.5 %

Case Apartment Vas Average U-value 0.1654 W/(m2 K)

Simulated 20/05/2018 09:48:07 Envelope area per Volume 1.128 m2/m3



 

 

  

Wind driven infiltration airflow rate 158.765 l/s at 50.000 Pa

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

Walls above ground 77.36 0.11 8.66 26.38

Walls below ground 0.00 0.00 0.00 0.00

Roof 61.12 0.10 5.81 17.68

Floor towards ground 55.07 0.08 4.54 13.82

Floor towards amb. air 0.00 0.00 0.00 0.00

Windows 3.00 1.91 5.73 17.45

Doors 2.00 4.05 8.10 24.66

Thermal bridges 0.00 0.00

Total 198.55 0.17 32.84 100.00

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

External wall / internal slab 59.61 m 0.000 W/(m K) 0.000

External wall / internal wall 8.80 m 0.000 W/(m K) 0.000

External wall / external wall 9.44 m 0.000 W/(m K) 0.000

External windows perimeter 18.00 m 0.000 W/(m K) 0.000

External doors perimeter 6.00 m 0.000 W/(m K) 0.000

Roof / external walls 31.30 m 0.000 W/(m K) 0.000

External slab / external walls 29.68 m 0.000 W/(m K) 0.000

Balcony floor / external walls 0.00 m 0.000 W/(K m) 0.000

External slab / Internal walls 14.96 m 0.000 W/(m K) 0.000

Roof / Internal walls 0.00 m 0.000 W/(K m) 0.000

External walls, inner corner 0.00 m 0.000 W/(K m) 0.000

Total envelope (incl. roof and ground) 198.55 m2 0.000 W/(m2 K) 0.000

Extra losses - - 0.000

Sum - - 0.000

Windows
Area

[m2]

U Glass [W/(m2

K)]

U Frame [W/(m2

K)]

U Total [W/(m2

K)]

U*A

[W/K]

Shading factor

g

NNE 1.00 1.90 2.00 1.91 1.91 0.68

ESE 0.50 1.90 2.00 1.91 0.95 0.68

SSW 1.00 1.90 2.00 1.91 1.91 0.68

WNW 0.50 1.90 2.00 1.91 0.95 0.68

Total 3.00 1.90 2.00 1.91 5.73 0.68

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]

Return air only

(no supply side)
0.00/400.00 0.00/0.60 0.00/0.67 0.00/0.00

DHW use kWh/m2 floor area and year Total, [l/s]

10.000 0.001

Occupant schedules in zones (click to expand/contract)

Lighting schedules in zones (click to expand/contract)

Equipment schedules in zones (click to expand/contract)

Controller setpoints in zones (click to expand/contract)

IDA Indoor Climate and Energy

Version: 4.71

License: IDA40:ED152/C2G7M (educational license)



 

 

APPENDIX 4: INPUT REPORT SPAIN APARTMENT 

 

Input data Report

Project Building

 Model floor area 56.0 m2

Customer  Model volume 176.0 m3

Created by Cira Alba Vazquez Model ground area 55.1 m2

Location Sevilla (Airport)_083910 (ASHRAE

2013)

Model envelope area 198.6 m2

Climate file ESP_SEVILLA-SAN-

PABLO_083910(IW2)

Window/Envelope 1.5 %

Case Apartment Sev Average U-value 0.3286 W/(m2 K)

Simulated 19/05/2018 16:03:40 Envelope area per Volume 1.128 m2/m3



 

 

 

 

 

Wind driven infiltration airflow rate 24.444 l/s at 50.000 Pa

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

Walls above ground 77.36 0.53 41.10 62.99

Walls below ground 0.00 0.00 0.00 0.00

Roof 61.12 0.10 5.81 8.90

Floor towards ground 55.07 0.08 4.51 6.92

Floor towards amb. air 0.00 0.00 0.00 0.00

Windows 3.00 1.91 5.73 8.78

Doors 2.00 4.05 8.10 12.41

Thermal bridges 0.00 0.00

Total 198.55 0.33 65.24 100.00

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

External wall / internal slab 59.61 m 0.000 W/(m K) 0.000

External wall / internal wall 8.80 m 0.000 W/(m K) 0.000

External wall / external wall 9.44 m 0.000 W/(m K) 0.000

External windows perimeter 18.00 m 0.000 W/(m K) 0.000

External doors perimeter 6.00 m 0.000 W/(m K) 0.000

Roof / external walls 31.30 m 0.000 W/(m K) 0.000

External slab / external walls 29.68 m 0.000 W/(m K) 0.000

Balcony floor / external walls 0.00 m 0.000 W/(K m) 0.000

External slab / Internal walls 14.96 m 0.000 W/(m K) 0.000

Roof / Internal walls 0.00 m 0.000 W/(K m) 0.000

External walls, inner corner 0.00 m 0.000 W/(K m) 0.000

Total envelope (incl. roof and ground) 198.55 m2 0.000 W/(m2 K) 0.000

Extra losses - - 0.000

Sum - - 0.000

Windows
Area

[m2]

U Glass [W/(m2

K)]

U Frame [W/(m2

K)]

U Total [W/(m2

K)]

U*A

[W/K]

Shading factor

g

NNE 1.00 1.90 2.00 1.91 1.91 0.68

ESE 0.50 1.90 2.00 1.91 0.95 0.68

SSW 1.00 1.90 2.00 1.91 1.91 0.68

WNW 0.50 1.90 2.00 1.91 0.95 0.68

Total 3.00 1.90 2.00 1.91 5.73 0.68

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]

Return air only

(no supply side)
0.00/400.00 0.00/0.60 0.00/0.67 0.00/0.00

DHW use kWh/m2 floor area and year Total, [l/s]

20.000 0.001

Occupant schedules in zones (click to expand/contract)

Lighting schedules in zones (click to expand/contract)

Equipment schedules in zones (click to expand/contract)

Controller setpoints in zones (click to expand/contract)

IDA Indoor Climate and Energy

Version: 4.71

License: IDA40:ED152/C2G7M (educational license)
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