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Abstract 

In European countries houses represents 36 % of CO2 emissions. To reduce these emissions 

Bioclimatic housing is proposed. A series of solutions are studied in this project to acquire a low 

energy consumption building. Viability studies and guidelines of bioclimatic houses are given for the 

realization of this house in the Nordic countries. 

 A study of insulating materials and composition of the enclosures of the bioclimatic house is carried 

out complying with the Swedish norm. To achieve the building envelope criteria of high insulation 

and passive house construction are followed. Calculations of thermal transmittance, considering the 

geographical situation of the house, in a Nordic country, like Sweden are performed. 

One method to obtain the energy demand of buildings is to use computer software. A graphic 

interface called DesignBuilder v 3.01. This software is utilized to study the importance of insulation 

and orientation in relation to the energy demand in a bioclimatic house. 

In accordance with the bioclimatic construction, renewable energy sources are chosen to supply 

electricity to the dwelling. This is to reduce the environmental impact and the ecological footprint of 

the household. To achieve this, three different alternatives are chosen. In addition, another goal is to 

study economic viability and possible agreements with an energy company in order to sell excess of 

energy.  

A final result of the study and evaluation of the three different systems to provide energy and passive 

house strategies is obtained. According to the economic aspect, the Bioclimatic house should have a 

passive house envelope, facing south and a system combining of windmill turbine, solar photovoltaic 

panels and geothermal energy. 

The construction of bioclimatic houses helps to reduce the anthropogenic CO2 emissions. In addition, 

the construction of bioclimatic houses is one way to achieve an ecologically sustainable future. 
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1. The aim of this thesis 

The focus of the project is to create a bioclimatic house to reduce the footprint of humans and the 

environmental impact caused by households. Therefore, the result of this project will help to build 

new houses which can run on renewable energy and sustainable materials. The aim to carry out the 

study of Bioclimatic housing in Nordic countries is to reduce the emissions of CO2. In order to reduce 

the emissions of CO2, the study is focused on reducing the energy consumption of the house. 

The overall report is focused on solutions to achieve a bioclimatic house, the insulation materials and 

enclosures. To carry out the bioclimatic house is necessary to know which enclosures are the best, 

i.e. to reduce heat losses. The house should also fulfil power needs by itself, reducing in this way the 

energy consumption and in consequence the CO2 emissions. Besides that, the idea is to develop the 

solutions for a Nordic country, in this case Sweden. 

This report focuses on means to obtain low energy demand to reduce the environmental impact of 

houses. The purpose is to study solutions to acquire this aim. In order to delimit the solutions 

analysis of heat exchange in the house to avoid heat leaks is not included. Also, the design of 

electrical installations and architecture methods e.g. mechanical analysis of the structure is not 

studied. 

1.1. Background information 

It is known that CO2 emissions contribute to the increase of the greenhouse effect and in 

consequence affects global warming. Usually CO2 emissions are produced by natural sources, but 

anthropogenic CO2 emissions have been increased since the industrial revolution. Anthropogenic CO2 

emissions are principally produced because coal and petroleum are used for fuel. Other causes are 

the deforestation. Coal is used as a fuel to generate electricity. The power consumption is always 

growing, and in consequence, the anthropogenic CO2 emissions. One way to reduce these CO2 

emissions is the use renewable energy sources to generate electricity [1]. 

Taking into account the aforementioned problem, in the following years renewable energy is going to 

be an important resource for all countries, in the same way as it is now in Sweden. In Sweden the 

target for 2020 is 49 % of gross final energy consumption by renewable energy sources, whereas in 

2005 it was 39.8 % of gross final energy consumption [2]. 
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According to reference [3] “Buildings are the single most damaging polluters on planet Earth, 

consuming over half of all the energy used in developed countries and producing over half of all 

climate-change gases.” Households account for about 40 % of energy consumption in Sweden. 

Sweden is also promoting an energy performance certificate for detached, non-detached houses and 

newly-constructed buildings [4].   

In addition, this year it is the International Year of Sustainable Energy which was declared by the UN 

General Assembly. This is thus a valuable opportunity to raise awareness about the importance of 

increasing the access to renewable energy at local, regional, national and international levels.  

The lack of access to clean, affordable and reliable energy is a major impediment to achieving the 

Millennium Development Goals. Nowadays, the challenges regarding energy policy issues are almost 

the same around the world, following the Kyoto protocol and the United Nations Framework 

Convention on climate change.  

One way to reduce the energy use in buildings is to build bioclimatic houses or active houses. An 

active house is a building which focuses on achieving a balance between energy, the indoor climate 

and the environment. It also takes advantage of the natural resources to reduce the power 

consumption as much as possible. The idea of an active house is to combine domestic power 

generation with concepts of passive house construction. 

1.2. European Normative 

 In the European countries, houses represent 36 % of the CO2 emissions. In the European countries a 

tool to reach the objectives of climate, energy and environmental aims are the energy performance 

of dwellings and public buildings e.g. hospitals and government buildings. Constructing low energy 

and efficient buildings contributes to a decrease in the energy used for heating. At the same time, it 

creates new job opportunities and fields of research in the industry of construction. 

In the European Union exists a directive to attain the objectives on energy performance in buildings. 

This directive must be applied by the states of the European Union, it says that [2]: 

 “A common methodology for calculating energy performance of buildings;  

 Minimum standards on the energy performance of new buildings and existing buildings; 

  Systems for the energy certification of new and existing buildings and, for public buildings, 

prominent display of this certification and other relevant information. Certificates must be 

less than five years old; 

http://en.wikipedia.org/wiki/Energy
http://en.wikipedia.org/wiki/Indoor_climate_control
http://en.wikipedia.org/wiki/Natural_environment
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 Regular inspection of boilers and central air-conditioning systems in buildings and in addition 

an assessment of heating installations in which the boilers are more than 15 years old.” 

1.3. Swedish environmental goals 

In the following years the Swedish energy supply has to be efficient, sustainable and environmentally 

friendly and at the same time a reasonable investment. The dependency on fossil fuels in heating 

systems must, according to [5], be discontinued. To acquire these goals, the political decisions are 

taking measures to make investments towards solutions for renewable energy supplies, i.e. 

constructing more environmentally conscious society [6]. 

In 1997 [7] the goals for the Swedish energy policy were established. In this policy, it was said that 

there had to be a continuous work in the improvement of the energy system. This was sanctioned in 

the guiding principles of the energy policy of 2002 when the government projected law was 

appraised by the Swedish parliament. This basically says that the government reports the projected 

law with the thrust of a new regulatory system for the promotion of renewable electricity. On the 

first of January of 2003 a new regulation was introduced, based on energy performance certificates. 

This will promote electricity production from renewable energy sources in newly built and already 

existing dwellings, with some exceptions [4]. These exceptions are buildings with industrial 

operations or workshops, holiday houses with no more than two dwellings and buildings with a floor 

area smaller than 50 m2. 

1.4. Definitions 

In this project, the following definitions and concepts have been used. 

Energy demand: Energy demand is the amount of energy required by the citizen to carry out their 

industrial and domestic activities. The energy demand changes depending on energy regulations of 

the country, standard of living and climatological phenomena. The main areas of consumption in a 

standard household are ranked in decreasing order of consume; heating system, domestic hot water 

(DHW), cooling/refrigeration, lighting, appliances and electric devices [8].  

Coefficient of Performance: The Coefficient of Performance (COP) of a heat pump is the relationship 

between heat supplied to hot reservoir and work consumed by the heat pump [9]. 
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Renewable energies: Renewable energy means obtaining energy from atmospheric phenomena or 

other sources of energy supplied by the nature such as wind power, sunlight, tidal power and 

geothermal heat, which are generated naturally and are also inexhaustible. Only close to 16 % of the 

global gross final energy consumption is derived from renewable resources. Of these 16 %, 10 % is 

from traditional biomass and 3.4 % comes from hydropower [1]. 

Passive house: A passive house is a dwelling with very low power consumption avoiding heat loses, 

which can offer stable temperatures without the need of conventional heating throughout the year. 

This concept was standardized by the Passive House institute, which is an independent research 

institute in Germany. This institute designed a house in 1990; this house was a pilot project where 

the energy heating demand should not exceed of 12 kWh/m² annual [9]. The building regulations in 

European passive construction were set at an energy heating consumption lower than 15 kWh/m² 

annual. Therefore, the kind of house that not need the use of “heating system other than post air 

heating is called passive house” [10].  

Active house: Active house is a new concept of building houses or to improve existing constructions. 

Active houses take into account concepts of low energy buildings, e.g. passive houses, and try to 

have a positive balance with respect to energy consumption.  Sometimes to produce more energy 

than is needed by using renewable energy. An active house takes into account human comfort and 

the environment through the use of renewable energy, which contributes positively to sustainable 

development [11]. 

Sustainable development: Sustainable development is the term used for ecological, economic and 

social development with the purpose to meet the human needs without endangering the 

environment.  The main problems when trying to optimize sustainable development are the unequal 

distribution of resources. Some of the resources, like water, coal or oil, are not distributed equally 

around the planet and the consumption of these resources is not homogeneous [5]. 

Bioclimatic house: A bioclimatic house is a kind of dwelling which is designed on the basis of the 

climate and local resources to have a low environmental impact, through a decrease of power 

consumption and to achieve a sustainable development in this way. Besides this housing concept 

reduce CO2 emissions and helps to apply international environmental policy, such as Kyoto Protocol 

[12]. 
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Thermal transmittance: Thermal transmittance or U value is the rate of transfer of heat. U value 

denotes the heat loss per square meter in relation to the difference of temperatures inside and 

outside of an element. This coefficient is expressed in W/m2K [13]. 

2. The Bioclimatic house 

According to Bioclimatic housing [12], to construct houses by taking into account bioclimatic 

principles is a good step towards sustainable development. Bioclimatic principles take into account 

the location and climate parameters e.g. microclimate which involve rainfall, wind speed, sun hours 

and humidity. Furthermore, for many years the building industry has followed cultural and economic 

considerations instead of climatic or environmental reasons. Another important aspect is to achieve 

great insulation properties in the building envelope. In addition it is essential that users understand 

how the building works and the users also have a responsible behaviour to reduce the energy 

consumption. Another point in bioclimatic construction is the power generation; bioclimatic housing 

takes into account the combination of low energy buildings and power generation by means of 

renewable energy sources. This makes the bioclimatic housing even more sustainable. In bioclimatic 

houses the orientation of the house with passive solar design is also analysed [3].  

2.1. Design and home plan. 

The prototype house is a detached house and is designed in a similar way to other Nordic houses, 

based on a home layout of a Swedish construction company [14]. The house is composed of one floor 

and 140 square meters of living area.  Figure 1 shows the household layout.     
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Figure 1. Household layout [14].  

The home layout has four bedrooms, one bathroom, a toilet, a living room, a dining room, a kitchen 

and a washroom. The house is designed for four people, which is taken into account in this report 

when selecting the parameters of the house. 

2.2. Weather conditions of Skövde 

The placement of this house is in the Nordic countries, particularly in Sweden and in the town of 

Skövde. This place is selected because it is the town where the University of Skövde is located.  

Moreover, Skövde belongs to the region of Västra Götaland, in the south west of Sweden [15]. 

Depending on the region, Swedish building norms have different premises to construct houses 

according to BBR Boverket [16]. 
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Figure 2. Geographic location of Skövde [17].

On the one hand, Skövde has a humid continental climate, which means that it has not a dry season. 

On the other hand, it has warm summers and cold winters but rarely severely cold [15]. The warm 

season starts at the end of May to the first days of September. Moreover the cold season begins at 

the end of November and finishes at the beginning of March. 

 

Figure 3. Average of temperature in Skövde [15]. 
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In figure 3 a plot of the average temperature in Skövde is shown, the red band is the maximum 

average temperature and blue band the low average temperature. In the course of one year, the 

temperature can vary from -7°C to 22°C. But occasionally it could be below -15°C or above 25°C [15]. 

However data supplied by the Swedish meteorological and hydrological institute since 1942 the 

lowest temperature ever was -29°C and the highest temperature was 34°C [18].  

The hours of sunlight vary significantly through the year. This affects the solar irradiation [15]. Data 

on solar irradiation is taken from maps of the Swedish meteorological and hydrological institute. The 

days with the largest amount of sunlight hours are between 15 and 25 of June with approximately 

eighteen hours of sunlight. The shortest days are in December between 15 and 25 with 

approximately six hours of sunlight. Figure 4 shows the number of hours of sunlight in a whole year. 

 

Figure 4. Average number of hours of sunlight [15]. 

During a year the wind speed varies between zero meters per second to six meters per second and 

rarely exceeds nine meters per second. In figure 5 the daily average wind speed in Skövde is shown, 

minimum in red, maximum in green, and average of them in black.  The average wind speed is four 

meters per second [15]. 



Eduardo Olmeda University of Skövde 
Santiago Andrés School of Technology and Society 

9 (45) 

 

 

Figure 5. Average of wind speed in Skövde[15]. 

3. Building envelope 

In this section the building envelope is analysed. The building envelope of the house insulates the 

indoor environment from the exterior conditions. For this purpose different materials with low 

energy transmittance are picked, allowing for better energy performance. Figure 6 shows the 

dwelling envelope. The purpose of the building envelope is to reduce the heat loss, i.e. to save 

energy because the house does not need to heat the indoor environment with external energy 

sources. 

 

Figure 6. Dwelling Envelope. 

 

In order to acquire a low energy building predetermined structures of wall, roof and floor that fulfil 

characteristics of low energy buildings are selected. To achieve this goal the predetermined 
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structures are chosen from a company called Paroc. This company has a long experience in 

development and construction of residential households; Paroc complies with European safety 

standards, following the directives of: 

 CPD: The Construction Products Directive, which guarantees the free movement of all 

construction products in the European Union. 

 EC: Declaration of Conformity. This “is a mandatory mark for products placed on the market 

in the European Economic Area.” 

 ETA: A European Technical Approval, which is a technical assessment for the construction of 

products, this certifies that the product can be used in Europe. 

 Eurocodes and Swedish building regulations collected in BBR Boverket, 2011. 

The chosen structures fulfil the requirements of passive house institute in Germany. These structures 

have the property to save energy. The structures are made with environmentally friendly materials 

[19]. 

3.1. Building materials  

To carry out this project several insulation materials are studied. These materials are used mainly in 

the construction of houses, exist on the European market and fulfill the European norms 

“Eurocodes” [19]. Furthermore, building materials are responsible for the environmental impact of 

houses, since in their production the use of energy and waste generation is inevitable. A previous 

study has been completed to obtain optimal materials with characteristics of good insulation and of 

being environmentally friendly [3]. 

One common insulation material with a thermal conductivity of 3.5·10-2 W/mK is XPS Extruded 

polystyrene. XPS Extruded polystyrene is a thermoplastic polymer, which is obtained from the 

polymerization of styrene. It is rigid foam resulting from the extrusion of the polystyrene in the 

presence of a blowing gas, this thermoplastic is mainly used as thermal insulation. In the 

manufacturing process of each kg of polystyrene are required 1.17 kg of petroleum and 1.01 m3 of 

natural gas. In addition, each kilogram of this material involves the emission of 7.3 kg CO2. Therefore 

the environmental impact of this production is very high [19]. 

Expanded polyurethane foam is also a common insulation material in the building industry. This is a 

material with similar insulation performance of Extruded polystyrene. This material is made from 



Eduardo Olmeda University of Skövde 
Santiago Andrés School of Technology and Society 

11 (45) 

 

petroleum. The manufacturing processes use nocuous chemical additives e.g. isocyanates are known 

skin and respiratory irritants [20].  

Rock mineral wool is made from basaltic and volcanic rocks, obtaining thus a product with better 

thermal efficiency than the fibre glass. This product is especially suitable for thermal insulation, the 

thermal conductivity of this material allows the proper insulation of the building envelope since this 

material has a thermal conductivity between 3.2·10-2-3.6·10-2 W/mK. The main properties of rock 

mineral wool as a building material are: sound insulation, thermal insulation, fire resistance and 

water resistance [21]. 

 

Figure 7. Rock mineral wool picture. 

Moreover, rock mineral wool is manufactured taking into account the environment, resulting 

nonaggressive substances or pollutants in its process and without toxicity products. The lifetime of 

rock mineral wool is more than sixty years, that means that this material does not need maintenance 

nor to be replaced in a short/medium term. This material can be recycled or reutilized in new 

buildings, also it does not produce chlorofluorocarbon emissions, CFC’s, which are responsible for 

greenhouse effect [20]. 

Another building material is granulated non-combustible stone wool; this material is used on the roof 

as insulation material because their application is more easily achieved in areas with different angles. 

The main properties of this kind of rock wool are low thermal conductivity of 4.1·10-2 W/mK and the 

capacity to avoid air leaks. 

This product is made of production rests and insulation waste and becomes an important part of the 

insulation systems; therefore this product is environmentally friendly because it is made from 

recycled materials [19]. 
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Figure 8. Picture of granulated stone wool [19]. 

 Wood is used as a solution for the cladding of the house, cladding is a protective layer fixed to the 

outside of a building to prevent the infiltration of water into the building structure. Bioclimatic 

construction encourages the use of sustainable materials [11]. Wood has been used traditionally in 

the northern constructions and all over the world given its good insulation properties. 

These materials are used nowadays in the construction industry. Extruded polystyrene and expanded 

polyurethane are used as insulation material in the building industry because they have a low value 

of thermal conductivity. However, the latter materials are manufactured with processes that produce 

CO2 emissions. Therefore, rock mineral wool is chosen as an insulation material and wood is chosen 

to be part of the timber frame. The purpose of this is to be consistent with the environmentally 

friendly solutions. This will help to reduce the CO2 emissions derived from the process of obtaining 

insulating materials for buildings [3]. Despite the use of environmentally friendly materials, the 

reductions of CO2 emissions have not been calculated. 

3.2. Predetermined structures 

The roof structure selected is pitched roofs; this system distributes the weight equally in the house 

structure. The heat loose through the roof are around 25 % [3]. This structure is made to avoid the 

heat losses, i.e. it has a low thermal transmittance. Figure 9 shows the insulation layers. The layers 

are in numerical order: roof siding of 22 mm, followed by timber 10 mm, loose fill insulation 500 mm, 

vapor barrier, bulk insulation 70 mm and plaster board 13 mm. The central layer is made of 

granulated stone wool, this material is manufactured by recycled materials and has a lower thermal 

conductivity of just 4.1·10-2 W/mK. 
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Figure 9. Roof section [19]. 

Facades are the part of the building envelope in which the house losses around 35 % of the heat. To 

reduce these heat losses, this structure normally used in passive houses is selected.  In addition, this 

structure is made to completely avoid the thermal bridges [19]. Figure 10 shows the layer 

composition of the exterior wall. From inside to outside of the structure can be observed the 

different layers of it ordered from 1 to 8. The first layer is plaster board 13 mm followed by vapor 

barrier. Layers four and six are insulation layers of 200 and 75 mm. Layers three and six are timber 

frame with mineral rock wool between the wood of 50 and 125 mm. Layer seven is ventilation gap 20 

mm and the last layer is cladding surface.  The purpose of installing several insulation layers is to 

break the thermal bridge and avoid the air leaks. 
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Figure 10. Wall section [19]. 

In the floor a structure with special characteristic is picked. The floor is insulated below the concrete 

slab to avoid the diffusion of moisture from hot focus towards cold focus. The solution becomes 

interest to conserve the low thermal conductivity of our building materials [19]. The requirement for 

ventilation exists for many reasons; one of them is because in some zones, the radon is seeping into 

the house through cracks in the ground, in the floor and in the concrete. To avoid this radioactive gas 

into the house, this structure has a pipe ventilation system. Figure 11 shows the layer composition of 

the floor. 

 

Figure 11. Floor section [18]. 
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From top to bottom of the structure is observed the different layers of the floor ordered from 1 to 6. 

The first one is plaster board 13mm, followed by vapor barrier, bulk insulation 25 mm, concrete slab 

300 mm, bulk insulation 330 mm and finally draining material 150 mm.  

According to the definition of a passive house provided by the Passive House Institute, the choice of 

thickness in the previous structures has been taken considering the achievement of the passive 

house standard [10]. 

Figure 12. Window section [22]

Windows are selected with triple glazed structure. The windows are composed of three plies of glass 

of 6 mm each of them and two air spaces of 13 mm; the latter contains organic sealant to avoid the 

moisture and each of them has been filled of Argon gas to obtain a higher thermal performance. The 

purpose of this selection is because Argon gas has low thermal conductivity, only 1.8·10-2 W/mK 

lower than air which has 2.4·10-2 W/mK, obtaining a lower U value of 0.78 W/m2K. Moreover this 

type of window is designed to be fixed and to maintain airtightness. Usually in passive houses the 

windows are designed to be not openable, the ventilation works by mechanical systems [11]. Figure 

12 shows the composition of the windows. 

3.3. U Value 

The U value is the heat loss per square meter in relation to the difference of temperatures between 

inside and outside of an element. The U value, or thermal transmission coefficient, is used in the 

calculation of thermal energy. U value is used to know the loss or gain of heat in buildings and 
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heating systems. The U value in a framework represents the relationship between the heat flux 

density and the difference of temperature between inside and outside of the framework [13].  

Some calculations of U values are done in this project, in order to see if the structures fulfil the 

Swedish norms [16]. In these norms give a specified U value for buildings with are larger than 130 m². 

The average thermal transmittance is set 0.6 W/m²K [16].  

Thermal conductivity of each layer is taken to calculate roof, exterior walls and floor U values. To 

calculate the thermal resistance, R, of each layer equation (1) is used. Where, d denotes thickness in 

meters and λ the thermal conductivity in W/m²K. It is known that a high value of R denotes that the 

layer insulates properly. 

  
 

 
                     (1) 

 
To obtain the total resistance, Rt  equation (2) is used. Here Rj denotes the resistance of each layer, Ri 

internal resistance, Re external resistance and n the number of layers.  

      
 
                             (2) 

After that is obtained the U value of each framework applying the equation (3). Here Ug is a 

correction for air gaps and Uf a correction term for mechanical fasteners. 

 

   
  

  
                           (3) 

Air gaps and mechanical fasteners can be omitted, because they contribute with less than 3 % of the 

total U value, according to the definition of a passive house provided by the Passive House Institute 

[9]. Table 1 explains the composition of the framework materials. 

Paroc Extra  Bulk insulation-several thickness (rock mineral wool) 

Paroc WPS3n Bulk insulation 50 mm (rock mineral wool) 

Paroc  BTL6 Loose fill insulation 500 mm (granulated stone wool) 

Paroc SSB 2t Bulk insulation 25 mm (rock mineral wool) 

Paroc GRS 30 Bulk insulation 330 mm (rock mineral wool) 

Table 1. Layers description. 
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Table 2. Roof calculations. 

 

Table 2 represents the U value of the roof, which comply with PAROC recommendations i.e. that 

should be between 0.06-0.09 W/m²K according EN 6946 [19]. 

Layers d [m] λ [W/mK] R [m²K/W] 

Plaster board  1.3·10-2 0.25 0.05 

Vapor barrier  2.5·10-4 0.33 7.5∙10⁻⁴ 

Paroc Extra  7.5∙10⁻2 3.6·10-2 2.08 

Paroc Extra  0.2 3.6·10-2 5.55 

Paroc Extra  0.125 3.6·10-2 3.47 

Paroc WPS3n  5·10⁻2 3.2·10-2 1.56 

ventilation gap 2·10⁻2 2.4·10-2 0.83 

Surface Resistance   Ri+ Re =0.26 

Rt   13.80 

U   0.07 

Table 3. Exterior Wall calculations. 

 

Table 3 shows U value in the façade, this accomplish with PAROC recommendations that should be 

between 0.07-0.10 W/m²K in this kind of building element according EN 6946 [19]. 

Layers d [m] λ [W/mK] R [m²K/W] 

Plaster board  1.3·10-2 0.25 5·10⁻2 

Paroc Extra  7.5∙10⁻2 3.6·10-2 1.95 

Vapor barrier  2.5·10-4 0.33 7.5∙10⁻⁴ 

Paroc  BTL6  0.5 4.1·10-2 12.20 

Timber  1·10⁻2 0.12 8·10⁻2 

Grid siding  2.2·10-2 0.14 0.16 

Surface Resistance   Ri + Re =0.34 

Rt   14.70 

U   0.06 
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Layers d [m] λ [W/mK] R [m²K/W] 

Plaster board  1.3·10-2 0.25 5·10⁻2 

Vapor barrier  2.5·10-4 0.33 7.5·10⁻⁴ 

Paroc SSB 2t  2.5·10-2 3.7·10-2 0.67 

Concrete slab 0.3 1.63 0.18 

Paroc GRS 30 0.33 3.7·10-2 8.91 

Surface Resistance   Ri + Re =0.21 

Rt   10 

U   0.09 

Table 4. Floor calculations. 

Table 4 shows floor calculations. These calculations fulfil the PAROC requirements for U value, i.e. a 

value between 0.08-0.10 W/m²K in this kind of building element according EN 6946 [19]. 

U value of the window is determined following the requirements of Passive House Institute [10]. 

These requirements are that the Effective window U value should not be greater than 0.8 W/m²K. 

The U value for the entire window is affected by the glazing type, frame and spacer. The spacer is the 

part that seals the plies of glass between each other. To obtain the U value of the window equation 

(4) is used, this method is in the European-wide standard: EN 10077 [10]. 

    
                      

     
        (4) 

Parameters Description Values 

Ag Glazing surface area 1.75 m2[23] 

Af Frame surface area 0.23 m2[23] 

lg Glazing perimeter 5.65 m [23] 

Ψg Glass thermal bridge 2 cm [23] 

lf Frame perimeter Negligible value 

Ψw Exterior wall thermal bridge  Negligible value 

Ug U value of the glass 0.7 m²k/W 

Uf U value of the frame 0.2 m²k/W 

Uw U value of the window 0.7 m²k/W 

Table 5. Parameters of U for windows. 

This is the method used by the Passive House Institute. In equation (4) Ug and Uf, are taken from 

Passive House Institute as in reference [10]. Ag is an average of the size windows in the house; the 
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frame perimeter and the thermal bridge at the exterior wall are negligible. I.e. because of the chosen 

structure for external wall is designed to avoid the thermal bridges. The final result is 0.7 W/m²K as a 

coefficient of heat transmission in the window.  

The U value in the entire building envelope is 0.23 W/m2K, therefore accomplish with the average set 

in Swedish norm which is 0.6 W/m2K. This U value is achieved calculating the average of the four 

analysed structures. 

4. Design and energy demand 

It is necessary to calculate the energy demand of the building in order to design methods of power 

generation. To calculate the energy demand of buildings there exist many methods and programmes. 

One method is heat degree days (HDD) and is used to get gross calculations of energy demand. Some 

programmes to do simulations are DEROB-LTH and EnergyPlus Dynamic. Designbuilder v 3.01 is used 

in this report. It is available as a trial version. This program is a tool for energy simulation, it makes it 

possible to simplify the modelling and analysis process, obtaining optimized calculations of the 

energy demand in different types of buildings from hospitals to residence dwellings. Designbuilder v 

3.01 use a graphic interface that uses EnergyPlus Dynamic and it is used to do thermal simulations of 

buildings [23]. 

4.1. Parameters of the house 

The design has the same configuration as in figure 1. The computer program has predefined climates 

and latitudes. The weather conditions chosen for the design correspond to the climate found in 

Sweden, more exactly, to the location of Jönköping due to its similarities to the one in Skövde. The 

parameters that have been chosen are according to the Swedish climate factors. 

The model has been designed using 3D CAD procedures. In this house there are 140 square meters 

living area including a living/dining room with a kitchen, a bathroom, a toilet, a washroom, three 

bedrooms and an office room/guestroom. The walls are 3.15 meters high and initially 0.48 m thick. 

The roof is 0.62 m thick. Almost all the parameters are thereby established for a passive house. 

The activity of the house has been designed, modelling each room by its characteristics, e.g. the 

bathroom with the activity of a bathroom in a residential dwelling. The consumption of domestic hot 

water (DHW) is 1.14 litres per person and square meters of living area per day. This parameter is 
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important because it influence the energy demand of domestic hot water. As the house is designed 

for four persons, the occupational density has been calculated to 0.03 persons per square meters. 

The next step is to design the house openings. At this point, the most important thing is to define the 

glazing of the house. It has been decided to use a triple glazed window, which has 3 mm glass in each 

layer and between them two spaces of 13 mm with argon. The U-Value of these windows is 0.78 

W/m2K. 

Heating, air conditioning and ventilation (HVAC) has been designed. As the possibilities of 

programming are multiple, this part has been designed according to the Swedish demands on hot 

water, heat but not on air conditioning; however including mechanical ventilation to establish a good 

comfort inside the house. The heat system is convective and it works by electricity network with a 

coefficient of performance of 0.85.  To acquire the CP, equation (5) is used, where QH denotes heat 

supplied and W the work consumed by the system.   

   
  

 
         (5) 

The DHW is designed using the Swedish standards, a heat pump has been selected to supply the 

DHW which needs electricity; the heat pump has a CP of 4. The mechanical ventilation is designed to 

provide a minimum of fresh air per person and area with fans of 80 % of efficiency. The efficiency of 

the mechanical ventilation affects to the energy consumption. Appendix I shows the energy demand 

of the mechanical ventilation. Natural ventilation is estimated according to the location of the house 

with a constant rate of 0.5 renovations per hour [24]. 

The construction is designed by using pre-determined data of Designbuilder v 3.01 with the purpose 

of saving as much energy as possible and improving the air tightness inside the dwelling.  A pre-

determined template has been chosen to design the construction. This template is called best 

practices-half weigh, which means that there is a combination of heavy exterior walls and light 

indoor walls. This methodology is used because it can affect of outdoor weather conditions and at 

the same time fulfil a series of requirements to acquire air tightness [25]. Moreover, this template 

conforms to the Swedish norms referring to building construction [16].  
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4.2. Study and optimization of the orientation and layout of the house 

In bioclimatic construction the orientation of the building relative to the sun is important to acquire 

low energy demand [12]. Due to these considerations, the house layout will be designed by 

changing the purpose of each room and distribution of the house layout to make it less energy-

consuming. 

 

Figure 13. Model of the house in 3D CAD. 

Figure 13 shows the orientation of the house, the arrow is pointing to the north. The house is 

orientated to the south. Passive solar design is used to focus on the large glazing areas, e.g. 

living/dining room needs more energy to heat than a bathroom [12]. The passive solar design 

allows to decrease the heating with 158 kWh per year. This represents 3 % in heat. Due to this fact 

passive solar design is important, since it helps to heat the building in the winter. In order to reduce 

the solar radiation in summer eaves has been added on the windows. These eaves are able to see in 

figure 13 at the top of the windows. 

A study on how to optimize the house layout is performed. To achieve this aim an analysis on the 

house layout is completed; the latter is optimized changing the organization inside of the house. On 

the one hand, bathrooms are colder than other rooms because they do not have appliances. On the 
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other hand, kitchens have heat gains because they have many appliances e.g. fridge, oven, stove. 

Based on these facts, the purpose of the rooms is varied to optimize the layout. 

 

Figure 14. First home layout. 

Firstly, the house has been simulated with the main layout making no changes and calculating the 

heating and DHW energy demand. The result is 5848 kWh per year. The layout is according to figure 

14. 

                        

Figure 15. Second home layout. 

Secondly, the bathroom is switched with the kitchen because the kitchen provides heat gains by the 

appliances, see figure 15. This home layout reduces the energy demand to 5701 kWh per year. 
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Figure 16. Third home plan layout. 

Thirdly, many changes are done in the home layout distributions. Figure 16 shows the change of the 

home distribution, it can be compared with the first home layout in figure 14. This solution is 

selected thinking that the kitchen could provide the gain heat to other rooms like bedroom two and 

the bathroom, but the result is not the expected thus energy demand is 5847 kWh per year.  

Finally the second house layout is chosen, because it is the one that save most energy and reduce the 

energy demand per year. The kitchen area is 11 m2 higher in this home layout. The kitchen has a heat 

gain for the appliances, i.e. needs less energy to heat the area. The bathroom area 8.4 m2 needs 

more energy to heat, i.e. the bathroom has no heat gain. The difference with the chosen layout 

means a reduction of 2.5 % in energy demand. 

4.3. Study of the exterior wall thickness 

This study is done to acquire a good building envelope, because the insulation material layer is the 

most important part in exterior walls of the house. Sometimes this choice is made on the bases of 

costs. Moreover, acquiring a good building envelope is the first step to reduce energy in houses [3]. 

The following charts are done to see if increasing the thickness of exterior walls decrease the heat 

losses and in consequence reduces the energy demand. These calculations are done in order to see 

the importance of insulation material and how much it is required to increase the thickness. Seeing 

how much the energy demand decreases it allows to design the insulation layer and reduce the costs 

of construction. 
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Only the energy demand of heat generation demand and DHW are considered in this study. This is 

because the energy leaks are reflected in heating energy demand. Pre-determine template of 

Designbuilder v 3.01 is used. Different layers of the exterior wall are analysed to check the 

importance of a good selection. The following operations and graphs explain the process. The 

template includes brickwork, extruded polystyrene, concrete work and gypsum plastering, but the 

latter is not analysed. Extruded polystyrene has a thermal conductivity of 2.3·10-2 W/mK. Concrete 

work has a thermal conductivity of 0.51 W/mK and brickwork has a thermal conductivity of 0.84 

W/mK.  

Figure 17 shows the decreasing demand of energy versus the thickness of the different layers of the 

wall. After these calculations, the conclusion is that the insulation polystyrene layer needs to be 

increased. Because increasing this layer from 0 to 0.1 m reduces the energy demand with 55 %, the 

other layers do not reduce it even by 1 %. So it will be the layer to increase in an exterior wall. It is 

observed that the optimal value will be between 0.1 and 0.2 meters, reducing on it 12 % of the 

energy demand.  

 

Figure 17. Chart increasing the thickness of exterior wall. 
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In this report the passive house structure is used for exterior the wall. The passive house exterior wall 

is analysed to check how it affects the increase of thickness in the insulation layer. Different 

simulations are done with the variation of the thickness in the insulation material. The passive house 

exterior wall of this house is composed of seven layers; it is explained previously in the U value 

calculations.  

Figure 18 shows that the passive house wall is quite optimized, since if the insulation layer is 

increasing or not the initial energy demand is lower than the other cases. That is because the passive 

house wall is using rock mineral wool between timbers frames. However, it is always better to have 

another layer of insulation material.  

 

Figure 18. Variation of thickness in passive house exterior wall 

In conclusion 0.2 m of thickness for the wall is chosen. The optimal solution is the same as table 3 

shows; this is because after 0.2 to 0.4 meters the energy demand is reduced only marginally. The 

reduction of energy demand using this layer is about 7 % of 0 to 0.2 meters. In conclusion, the use of 

passive house walls reduces extensively the energy demand of the house. In order to acquire low 

power consumptions in building it is recommended to use a passive house wall. 

4.4. Energy Demand  

Simulations results in an energy demand of 8323 kWh per year. Figure 19 shows a graph with a 

breakdown of the energy consumption in the course of one year.  
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Figure 19. Energy demand breakdown. 

This result says that the household fulfil the passive house requirements. According to the article 

passive house for a cold climate [26], requirements to passive houses in Nordic countries are that the 

primary energy, with heating and DHW included, cannot be more than 130 kWh/m2 annual. In this 

case it is 59.5 kWh/m2 annual. Passive house requirements also specify that the total energy demand 

for space heating system is limited to 20-30 kWh/m2 floor area [26]. In this house energy demand for 

space heating system is 28.9 kWh/m2 annual; with an indoor temperature of 20 degrees Celsius 

established by the Swedish norms [19]. 

5. Energy solutions 

This section describes solutions to provide energy power to the house of study. To achieve this aim, 

some solutions are analysed. The first solution is to combine power generation from solar 

photovoltaic (PV), wind power and electricity from the grid. This means that in the first solution the 

house need to be connected to the electricity grid. The rest of the solutions provide all the energy 

demand to the house, these solutions are composed by solar PV energy and wind power. The third 

solution uses a low enthalpy geothermal system. The fourth solution is combined also with a biomass 

boiler. The combination of two or more energy generation systems in an installation is called a hybrid 

system. These systems are generally composed of renewable energy sources that sometimes are 
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complemented with electric sets or diesel power devices, leaving these sets in most cases only for 

emergency functions. The term hybrid system will be used in this report to refer for the combination 

of solar PV panels and wind turbines.  

The design of the house has some limitations; it is not possible to install more than 60.49 square 

meters of PV panels on the roof due to the roof dimensions. The power consumption is designated 

depending on each solution and its properties. Appendix II shows the power consumption by 

months. Besides a supposition of an agreement with energy company is made to sell the excess of 

energy. This is called a feed-in tariff. The proposed price is 0.178 €/kWh. 

5.1. Energy sources and power devices 

Solar Photovoltaic (PV) panels have been selected as the main source of energy. PV panels work by 

converting solar radiation into electricity, using semiconductors, e.g. monocrystalline silicon that 

exhibits a photovoltaic effect. The photovoltaic effect consists in the creation of voltage in one 

material exposes to the light. Solar PV power is a renewable energy, does not need much 

maintenance and has an average work life of 20 years. PV panels for houses are formed by 

photovoltaic individual cells; the cell type is monocrystalline, but there are different kinds of cells e.g. 

amorphous silicon, cadmium telluride. It is important to say that the photoelectric effect works with 

light not only with solar irradiation, sometimes even in night the solar PV panels can create a 

difference of potential [20]. 

The PV panels have been chosen to be mounted on the roof. Therefore, this should be of a type 

intended for domestic use. The SUNMODULE SW 255 MONO/VERSION 2.0 AND 2.5 FRAME has been 

selected as the PV panel model; this model has a high performance during a large period time and 

high maximum power, with 255 W as the maximum power. Appendix III shows solar PV panel 

specifications.  

The windmill installation is formed by a power turbine and a tower, the former is moved by the 

inertia of the blades which are moved by the wind. The generator inside the turbine does a magnetic 

power inside itself and produces electromotive force. The electromotive force generates a difference 

of voltage, according to the Faraday’s Law. The Faraday’s law say that the variation of time in a 

magnetic field induces an electric current [20].   
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One of the problems with a windmill installation is the noise that the blades create. In this project, a 

wind turbine for domestic use is selected. The EOLTEC SCIROCCO 5.6 – 6 is has three good 

characteristics. Firstly, low cut-in wind speed (3 m/s). Secondly, high performance/power production 

as a low cut-in wind speed. The reason of choose high performance/power production as a low cut-in 

wind speed is that the average wind speed in Skövde is 4 meters per second at ground. Thirdly, 

operating temperature range between -20°C and 50°C, this allows it to work both in the winter and in 

the summer. Also this windmill is classified as a wind turbine class I and is tested to support loads of 

extreme wind with a work life of at least 50 years. Appendix IV shows the wind turbine specifications. 

This alternative is composed with a hybrid system and a low enthalpy geothermal installation. This 

installation has been selected by the criterion of follow the idea to provide energy from renewable 

sources to the bioclimatic household. The criterion is that a low enthalpy geothermal installation 

uses less energy than other conventional heating systems, this energy can be provided by the hybrid 

system and consequently reduces the amount of energy produced by renewable sources. 

Low enthalpy geothermal installation has been used in this solution, because this is a domestic 

application of geothermal energy. This energy source is based in the difference of temperature 

between the surface and the subsoil. The high energy performance of mechanical compression 

refrigeration cycle allows the use of geothermal heat pumps to be viable economically and 

environmentally. The systems are composed of a heat pump, a heat exchange circuit with the ground 

and a heat exchange circuit with the household. Figure 20 shows the installation the heat pump 

geothermal system. 

 

Figure 20. Geothermal installation scheme. 

 The exploitation of a low enthalpy geothermal installation uses different methods to acquire the 

heat exchange in a range of low and very low temperatures. These methods are vertical closed loops, 

horizontal closed loops and drilling water catchment [27]. Figure 21 shows a horizontal closed loop in 
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a low enthalpy geothermal installation. In this report the horizontal closed loops is chosen, because it 

does not need a drilled hole in the soil and it is easy to install. 

 

Figure 21. Different loops in geothermal installations [9]. 

This kind of geothermal installation need to be buried down between 0.8 meters and 2 meters; also 

it has the necessity of use an antifreeze liquid to the heat exchange. The required size of the 

installation is around 1.5 and 3 times the area of the house. 

SIH 6TE is selected as a heat pump; it has a heat power of 6 kW and a coefficient of performance, CP, 

of 3.2 when it is operating at 50 Centigrade. This heat pump is designed to supply heat water of 70 

Centigrade and this achieves the expectations of the household that requires 65 Centigrade degrees.  

This is the fourth solution to provide energy to the bioclimatic house. This alternative has been 

choice for many reasons, one of them is the environmentally friendly aspect of using biomass energy; 

biomass is a renewable source of energy due to the fuel is organic wood and is constantly growing 

[28]. In addition, biomass is developed to use for heating, also as a house heating system, these 

heaters have a high coefficient of performance between 90 and 95 % [29]. 

Biomass is a natural source for heating of a bioclimatic house, because it is environmental friendly. 

Energy from biomass fuels produces also low CO2 emissions, however it is not free of other 

dangerous emissions to the environment. These substances can be divided in gas phase and 

particles.  Nowadays biomass boilers have filters to avoid these dangerous emissions [28]. In this 

solution a biomass heater is chosen since is environmentally friendly.  

The fuel sources that use a biomass heating system are residues such as forest residues, dead trees, 

wood chips and even municipality waste. Usually the fuel sources are processed to obtain an easy 

way of transport and use e.g. in the form of pellets or log woods [28]. In this case the biomass 

heating system uses pellets; pellets are manufactured from dry wood sticks coming from different 

kind of woods e.g. cut branches, corn, or straw. 



Eduardo Olmeda University of Skövde 
Santiago Andrés School of Technology and Society 

30 (45) 

 

Ökofen Pellematic PE08 is chosen to be the biomass boiler/heat system in the bioclimatic household. 

The heater has characteristics of high coefficient of performance which is 92 %, nominal power 8 kW 

and the heater is designed for domestic use. Full characteristics are given in Appendix V [30]. 

5.2. First solution of hybrid system connected to the grid 

This will be the first alternative to provide energy to the household. This installation is not 

complicated to install when the house is in construction or already constructed; the solar panels and 

the wind turbine just have to be installed outside the house and only electricity installations have to 

be made inside the house. This solution is using renewable energy and electricity from the grid.  

To achieve this solution, some considerations are taken into account. The hybrid system is designed 

to provide the energy to room electricity, lighting, fans and domestic hot water. This system does not 

need the use of a backup system, i.e. when it is required will use the electricity from the electricity 

grid, the latter is a supposition. The use of one device that distributes the electricity is not taken into 

account in this report.  The excess of energy generation will be sold to the energy company. This 

system is made to reduce CO2 emissions with 49 %, i.e. produce 49 % of the energy demand. The 

solar PV panels are designed to acquire the domestic hot water (DHW) energy demand, i.e. that they 

may produce the DHW energy demand e.g. to an electric boiler. This energy demand is 4.5 kWh per 

day. The rest of the energy demand 2624 kWh per year is produced by the wind turbine that 

produces 7060 kWh per year. The power generation of the wind turbine is obtained doing 

interpolations with the altitude of the wind turbine 12 m and the data provided by the specifications. 

With an average wind speed of 4.44 meters per second the power generation is 7060 kWh per year. 

The interpolation of wind speed is made by data of the Swedish meteorological and hydrological 

institute, using maps of wind speed at different altitude [18]. 

 

    
  

      
    (6) 

 

 Irradiation Sph  Irradiation Sph 

Month kWh/m2 kWh/m2/day Month kWh/m2 kWh/m2/day 

January 39 1,26 July 114 3,68 
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February 76 2.71 August 114 3.68 
March 133 4.29 September 95 3.17 

April 114 3.80 October 76 2.45 

May 171 5.52 November 19 0.63 

June 152 5.07 December 38 1.23 

Table 6. Sun irradiation and sun average hours (Sph) per day in Skövde [18]. 

The number of solar panels, NPV, is determined by equation 6. In eq. 6 denotes ED, the daily energy 

demand. The energy production is the result of multiply the high power of the panel, Wp, by the solar 

irradiation per day, Sph. The Sph is the peak solar hours per day; i.e. when the irradiation is more than 

1000 W/m2. The result is 15 PV solar panels. This method is taken as a reference from the Ministry of 

Industry and Energy of Spain [31]. In the next solutions this method will be taken into account. Table 

6 is made by data of the Swedish meteorological and hydrological institute [18]. This data maps the 

solar irradiation in the area of Skövde.  

5.3. Second solution hybrid system not connected to the grid 

The second solution is a hybrid system composed of two wind turbines and solar PV panels. This 

solution needs the presence of a backup system. This backup is designed to be accumulators. The 

selection of accumulators is done because it can store and administrate the energy. The elements 

chosen are the same as the first solution. 

To design the installation some aspects are considered. The windmills provide the energy to the 

heating generation and DHW; this energy demand is higher in the winter months e.g. January has a 

heating and DHW power consumption of 1163 kWh. Because of this, it will need two wind turbines in 

the installation. The energy demand of the rest of the house is designed to be provided by the solar 

PV installation. In this case PV panels are used on the entire south façade of the roof. The number of 

panels is 41.  



Eduardo Olmeda University of Skövde 
Santiago Andrés School of Technology and Society 

32 (45) 

 

  

Figure 22. Power generated by PV panels and energy demand. 

The solar PV installation has over production in all the year except in November. For this fact it will 

need the use of an emergency or backup system. This system may provide energy at least for three 

days. The backup system is designed with accumulators; the number of batteries, NB, is obtained by 

equations (7) and (8). Total capacity in Ah is denoted   . DDC is the depth of discharge, it is presumed 

to be 70 %. This value is selected because a higher value can reduce the work life of the batteries 

[32]. Ec is the daily energy demand, the value is given in Appendix I.  In equation (8), C, is capacity of 

the batteries in Ah. This capacity is 4600 Ah. This method is taken from other report made at the 

Polytechnic University of Catalunya [29]. 

   
    

   
             

  

 
         

The result is NB= 22 batteries. The selected batteries are OPzS Solar 4600. These batteries have an 

area of 0.12 m2 each one and this make it easily to have it in a specific room of the house. The 

accumulators are designed for solar and wind installations. The batteries are of acid lead type and 

can be recycled in specific places. The work life of the batteries is 2´discharges at 70 % [9]. 

Moreover, in a hybrid system, an inverter and a regulator have to be installed in order to convert the 

voltage and administrate the power. On the one hand, the inverter is required to convert direct 

current generated by the system into alternating current; the function is to change the voltage which 

comes as direct current, into a symmetric voltage of output, with the desire magnitude and 

frequency. The regulator is needed to separate the energy generated that is going to be used directly 
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in the house from the one to be stored in batteries. This is needed because the batteries cannot 

store alternating current, only direct current. 

5.4. Third solution hybrid system with geothermal installation 

The system is designed not to be connected to the electricity grid. It is composed of PV solar panels, 

one wind turbine and a low enthalpy geothermal installation. To acquire this installation, the heat 

pump provides all the energy to DHW and heating the house. Solar PV panels are designed to provide 

illumination, electricity for rooms and fans. The wind turbine will provide energy to the heat pump. 

Beside that some batteries are installed with a storage capacity of three days, in the PV panels case it 

cannot provide all power consumption to the household. 

Firstly, the heat pump installation is designed; it will be provide the energy to heat the house and 

DHW. It is necessary to calculate the heat extracted, QE, this will be done with equation (9) where, 

  , denotes the power of the pump [32]. The heat extracted is 4125 Watts. 

    
       

  
      (9) 

The heat rejected is the heat or power that needs the heat pump to work,    is 1875 W, i.e. the 

power rating of the heat pump. The heat rejected, QR, of the heat pump is calculated by equation 

(10). 

          (10) 

The energy demand of the heat system and DHW will determine the number of working hours of the 

heat pump. The power consumption of the heat pump is the result of multiply number of working 

hours by rejected heat. The number of work hours is 1382 in the term of one year. With the latter 

result the power consumption of the heat pump obtained is 2591 kWh per year. In consequence, this 

will be the energy consumption for heating and DHW. The wind turbine will supply the power 

consumption of the heat system and DHW, i.e. to the geothermal heat pump. Figure 27 shows that 

the option of one wind turbine will be enough to acquire this energy consumption.  
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Figure 23. Heating and DHW energy demand with one wind turbine. 

The rest of the energy demand will be provided by PV solar panels. This means that PV solar 

installation has to provide a power generation of 2624 kWh per year.  To acquire the NPV the PV 

system is designed with the month of less production, November, using eq. (4). The results are 21 PV 

solar panels and over the year they have and excess of energy around 5000 kWh per year, i.e. 

because it is designed to acquire the demand in months when the power generation is not high.  

Finally, it has to be designed the number of batteries. If the power generation is not enough, the 

household will require an energy source, i.e. a backup system. In this case, will be batteries charged 

by solar panels and wind turbine. In this alternative will be used 6 batteries, to obtain this number 

has been done same calculations with eq. (5) and (6). The number of batteries will provide 5 days of 

energy to the household. 

5.5. Hybrid system and biomass heater 

In this solution are used PV solar panels, wind turbine and biomass heating system. To acquire this 

installation some ideas has been taken in consideration; biomass heater provides all the energy to 

DHW in winter and heating system of the house. PV solar panels are designed to provide DHW in 

warm months, May until September. Finally, the rest of energy demand as illumination, electricity for 

rooms and fans is been provide by the wind turbine. Moreover, backup system is installed with a 
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storage capacity of three days, i.e. in case of the wind turbine cannot provide all the demand to the 

household. 

The heating system is designed to provide two circuits of hot water; one of them is used to heat the 

house by radiators, the other one is used for DHW with a demand of 160 litres daily. As the heating 

system has a power capacity of 8 kW [30], the heat system is used more than three or four hours per 

day, that is because the heating and DHW hot water demand around 35 kWh per day in winter days, 

e.g. December and January. 

Month January February March April May June 

kWh/Day 37,44 34,18 19,89 7,83 4,41 4,56 

Hours 4,68 4,27 2,49 0,98 0,55 0,57 

Month July August September October November December 

kWh/Day 4,41 4,41 4,56 7,70 25,13 34,07 

Hours 0,55 0,55 0,57 0,96 3,14 4,26 

 

Table 7. Daily energy demand of heat generation-DHW and working hours of the heater. 

The design of the solar PV panels has been done to acquire the energy demand of the mechanical 

ventilation, only one PV solar panel is required with this power consumption. Figure 24 shows the 

energy generation by the solar panel in blue bars and in red bars the mechanical ventilation. 

 

Figure 24. Solar PV panels energy vs. mechanical ventilation. 
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Wind turbine is installed to provide energy for illumination and electricity in the rooms, i.e. 2634 

kWh per year. One wind turbine suffices to provide this consumption. One wind turbine can do a 

power generation of 7058 kWh per year; this is enough to cover the energy demand in this case. 

The backup system will be designed with the batteries. Seven batteries are enough to provide 3 days 

of energy; equations (5) and (6) are used to obtain this number. These batteries will be enough to 

provide 2 days of energy to the house.  

Finally, as the previous installations of PV solar and wind turbine, an inverter and regulator are 

needed. This is a necessity in all the wind and PV solar systems to regulate the energy and transform 

the current generated. 

5.6. Economic viability of the solutions 

In order to study if it is possible to develop the solutions; economic viability is studied by the payback 

method. The payback method is used to determine how fast an investment breaks even, usually to 

compare with other alternatives. The payback method is chosen to check in a large scale and simple 

way whether the solutions are viable economically. Equations (11) and (12) are used to obtain the 

values of economic viability. In equation (11), C denotes the cash flow, which is inflow minus outflow; 

i denotes years. In equation (12), T the time in years, I denotes the investment and A denotes the 

payment surplus. 

     

 

   

                     
 

 
             

In these calculations some important considerations are taken into account. In Sweden there exists a 

grant to solar PV installations [32].The grant pays 45% of the installation when the installation 

exceeds of 40´ SEK plus rates. It is considered an agreement of feed-in tariff with an energy company 

to sell energy excess; the considered price in the agreement is 0.179 €/kWh, this is the price to 

houses with a power consumption of 7500 ± 30 % kWh per year. Usually the European Union 

countries have incentives to sell the excess of energy generated by domestic power generation e.g. 

Spain, Germany or the UK [2]. In this case, the feed-in tariff is a supposition. The electricity that the 

house not consumes every year is considered a gain. The energy demand is multiplied by the price of 

electricity for this type of household consumption [2]. Passive house design is considered an 

investment; this investment is usually between 2 – 5 % more expensive than a normal house in 
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Sweden. According to the article [32] the price of a good building envelope is said to be 2291 €/m2 

and in a passive house 2382 €/m2. The considered working life of a solar PV system, wind turbine and 

batteries are 20 years in solar PV system, 50 years in wind turbine and 30 in the case of batteries. In 

case of biomass and geothermal installation working life is not taken into account. Another aspect of 

equal importance is that rates in Sweden have not taken into account also interests on loans, 

inflation, maintenance and efficiency loss with the passing of the time. This is because these 

calculations are made as a large scale and the final point is to check that the solutions are realistic. 

The results do not need be accurate in regards to detail. Each installation has its investment. The 

price of each solar panel is € 350. The wind turbine installation has a rounded price of € 12´ [29]. The 

geothermal installation has a rounded price of € 20´ [30]. The biomass installation has a rounded 

price of € 11´ [34]. As far as the backup system or accumulators are concerned each one has a price 

of € 1200 [29]. 

Figure 25 shows the payback for the four solutions. The breaks in the lines are the re-investment that 

it has to be made in every installation. The best solution for the payback method is the solution with 

a heat pump, i.e. because the reduction in the energy demand produces much electricity to sell as 

feed in tariff. According to this solution the payback will be 12 years. In solution two it takes the 

payback 15 years, solution one 20 years and solution four 29 years. It is important to mention that in 

solution one feed-in tariff and buying electricity are combined. Also in solution four is important to 

note that its takes longer because every year an investment in buying wood pellets has to be made, 

the price for this is between 0.17 and 0.23 €/kg [35]. 
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Figure 25. Chart over payback with proposed solutions to the bioclimatic house.
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5.7. Evaluation 

It is necessary to analyse the solutions in order to establish which one is the optimal. The first 

alternative is the only one that needs to be supplied with electricity from the grid. The investment is 

not higher than the other solutions. Also this solution retrieves the initial investment in a short 

period of time, 21 years. This is a good solution because it is complementing the electricity supply 

through the electricity grid combining the power generation by means of renewable energy sources. 

This solution is a viable idea to reduce the CO2 emissions of the household, reducing in that case 

close to 50 % of CO2 emissions. In comparison to the generation of CO2 emissions of one house 

without a power generation system. The CO2 emissions are calculated by means of method of 

Designbuilder v 3.01. This method consists in multiplying the electricity energy demand of the house 

in kWh/year by 0.68. Thus, one obtains the CO2 emissions in kilograms [24].  

The second alternative is studied to check the viability of providing power to a household simply by 

means of a hybrid system. In this case it is an expensive solution with an initial investment of € 70´, 

because it requires the use of two windmills and all the space on the roof for solar PV panels. This 

solution will pay for itself in approximately 15 years.  Nevertheless, two windmills in a backyard of 

the house is not a viable solution, because the noise of the two windmills will be annoying in a 

backyard of the house. The noise that the blades produce is more than 50 decibels. It will be 

necessary to place the windmills in other locations. It is important to mention that with a feed-in 

tariff a high amount of cash flow will be generated. Despite the problems involved, this solution will 

not produce CO2 emissions in a way of energy consume by other sources reducing the ecological 

footprint. 

The third solution is the combination of geothermal, solar and wind energy; this solution is the 

optimal one, because it combines the regular generation of energy of the geothermal heat pump and 

the power generation of wind and solar. Despite all, the considerable investment is due to the need 

of three different systems. Moreover, this is the sustainable solution non-generating CO2 emissions 

produce by the house. The required investment to this installation is around € 55´ but it has the low 

payback of 14 years. 

The fourth solution is also a good solution to reduce CO2 emissions. In this case by the method of 

Designbuilder v 3.01 says that the CO2 coefficient to biomass emissions is 0.025, biomass energy 

production is multiplied by the CO2 coefficient [24]. Analysing CO2 emissions this solution reduce in 

97 % in compare if the house uses electricity instead of biomass. In this solution the payback method 



Eduardo Olmeda University of Skövde 
Santiago Andrés School of Technology and Society 

40 (45) 

 

is used with a result of 28 years. However, this installation needs a low investment to be 

energetically self-sustainable which is € 44´. 

6. Recommendations for further development and advice for 

implementation 

In this report further development is identified in order to continue this study. A recommended 

further work is to carry out the installations explained above in this report. Furthermore, analysis of 

heat exchange, mechanical structure and electric installation. In addition some implementation is 

proposed to develop a bioclimatic house. 

Firstly, replace the use of batteries and use a mechanical system that could store energy without the 

use of batteries. I.e. nowadays batteries are not environmentally friendly using nocuous chemicals 

products [8]. This mechanical system could be work with a pump and a hydro turbine. This backup 

system would has a deposit that storage water and when the household has over power generation 

that backup system stores the energy by the pump, and then when needs energy the water flows by 

the hydro turbine and generate power to the household. 

Secondly, another implementation to further development is the treatment of residues such as way 

of power generation. This means that the organic residues are a source of energy and could be used 

in a boiler to generate heat. In this case would be replacing the wood pellets by organic residues. 

Besides, the use of solar thermal collectors to the DHW consumption is a way to reduce the energy 

demand of the DHW. 

Thirdly, the excess of energy could be used not only as a grid feed-in tariff. This excess of power 

generation could be used to charge an electric car, in a way of being totally respectful with the 

environment and non-generating CO2 emissions. In Sweden is a project called one tonne life that use 

the excess of energy to recharge a Volvo electric car [36]. 

Fourthly, the use of environment materials has not been considered to develop the envelope. 

Instead of that it has used materials with a good insulation being environmentally friendly. In a future 

work would be a good implementation the use of environment materials as a way of construction, in 

order to not use materials that belong to other places and are created in other countries, creating in 

that way CO2 emissions by the use of transports.  
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Finally, a study of the ecological footprint between the bioclimatic house and normal or different 

kinds of houses would be done, i.e. to see the difference and the save of CO2 emissions that a 

bioclimatic household offers nowadays in front of the normal houses. 

7. Conclusions 

After the analyses of this project, it is concluded that it is possible to carry out a bioclimatic house in 

the Nordic countries and reduce the human footprint. The use of methods such as passive house 

design, the application of the Swedish norms, a good value of thermal transmittance and the 

proposed solutions are a good ways to reduce the emissions of CO2.  

Firstly, to acquire a low energy building a good design of building envelope is required. The passive 

house building envelope proposed allows to acquire a low energy building, reducing in that way the 

energy demand of the bioclimatic house. The thermal transmittance acquires the Swedish norms to 

building construction. This allows the building to have low heat losses. Besides the study of 

orientation, layout and wall thickness allow to obtain lower energy demand. 

Secondly, to carry out solutions of power generations it is required to know the energy demand of 

the building. The method to calculate the energy demand is to use energy simulation software. After 

several simulations a low energy demand is obtained. Furthermore, the results of energy demand 

fulfil the passive house requirements of the Nordic climate. 

Thirdly, in order to reduce CO2 emissions solutions of power generation with the combination of 

renewable energy is required. The proposed solutions to provide energy to the house are 

economically viable i.e. proved by the payback method. The solutions provide power generation in 

an environment of Nordic countries. The optimal solution is the use of geothermal heat pump with 

PV panels and wind turbine. This solution makes the house 0 % CO2 emissions in a way of energy 

consume. Furthermore, this solution breaks even in 14 years, which is the lowest of the proposed 

solutions. This is because the geothermal energy reduce the energy demand for heating and DHW 

which are the 68 % of the energy demand. 

This report is a full documentation and study to carry out the project. With this we believe that there 

has been an objective work, analyzing the problem and proposing different solutions.  
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Appendix I – Annual fuel breakdown 
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Appendix II – Annual energy demand per month 
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Appendix III – Photovoltaic panels specification 
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Appendix IV – Wind turbine specifications 
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Appendix V – Biomass heater specifications 
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Appendix VI – Geothermal heat pump specifications 

 

 

 

 

 

 

 

 


