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Abstract 

 
This thesis is about a program called BECE (basic energy and CO2 emissions of buildings) 

and its development and verification and a second program IDA, which is used as 

simulation tool for buildings. In the first step two model houses are designed, which are 

already built passive houses in Sweden. A sensitivity analysis will be made in BECE for 

the parameter for the corresponding temperature for internal gains. 

After the simulation in IDA and the sensitivity analysis in BECE the results will be 

compared. To see if the program is working well different building features will be 

changed, like the efficiency for heat recovery, the window size and the wall insulation.  

The results show that the program is not working perfect now. Changes in the building 

future lead to an increase or decrease in both programs but the total energy demand is 

changing more in most cases in BECE.  

As an improvement for the program the calculation for the internal gains through windows 

and solar radiation should be changed. The heat recovery should not only be dependant on 

the ventilation losses. A way to determine the corresponding temperature for internal gains 

should be found. 
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1 Introduction 

The introduction deals with background information to the relating subject. It also shows the aims 

of this thesis.    

 

1.1 Background 

In recent times the imagination of a world without energy is not possible. For example hot water, 

light, fuel for cars and public transportation are a matter of course for the people in industrial 

nations and provide for a high quality of life. Everyone wants to keep this living standard or 

improve it. But there are many factors to stick to that; one is the energy supply. In 2013 the energy 

consumption for example for Sweden was about 15.000 kWh per person/year [1].  

It is a difficult task to provide the amount of energy due to the aspect of sustainability and 

environmental protection. The high consumption of energy leads to a more and more stressed 

environment. This can be seen with high CO2 emissions resulting in global warming. In 2013 the 

average Swede released 5,1 tons of carbon dioxide [1] in the atmosphere. The global energy 

consumption is rising every year. In article “Does energy consumption contribute the climate 

change? Evidence from major regions of the world” [2] the relationship between the energy 

consumption and climate variables is described. A reduction of the energy consumptions may 

lead to a lower global warming. 

The most common cause for high CO2 emissions are the use of fossil fuels: coal, oil and gas to 

provide energy in the industrial countries. To avoid a high rise in global temperatures and their 

outcome, the CO2 emissions have to be reduced. This can be achieved by reducing the total energy 

consumption and the generation of energy out of coal, oil and gas. Furthermore renewable energy 

sources can be used. 

Energy is used for different sectors such as residential, commercial, industrial and transportation 

sectors.  

The article “Experience from nine passive houses in Sweden- Indoor thermal environment and 

energy use” [3] says that “One major part is the building and service sector, which accounts for 

about 40% of total energy use in Sweden.”  

The energy for the residential sector is used for heating and cooling of buildings as well as 

electricity, like the light and equipment. In the industrial nations most people are living in 

appartments or houses. To lower the total energy consumption, a start in the residential sector is 

useful. People should know how much energy they consume and maybe waste in their daily life. 

For new buildings the energy demand should be calculated before the building process. In the 
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early design phase changes can be made easily. The energy consumption could possibly be highly 

decreased by a different wall construction or by different windows. There should be a simple way 

to calculate the energy demand of buildings for everyone. The article “Increasing energy 

efficiency in low-income households through targeting awareness and behavioral change” [4] 

deals with the increasing of energy efficiency to save money. It is especially for low-income 

households and shows possibilities for changings.  

To simplify energy calculations Mauritz Glaumann is developing a new program called BECE. 

This program should give fast information about the energy use of buildings and the CO2 

emissions. The article “A review on simulation-based optimization methods applied to building 

performances analysis” [5] shows also the advantages of reducing time and effort for simulations. 

There is a great interest in building optimization studies, due to for example green building code 

and passive house standards.  

 

1.2 Aim 

This thesis deals with the development and the verification of BECE. The working process should 

give an assessment to the current program from Mauritz Glaumann. In the first part a verification 

is made and the second shows weak points and proposals for improvements. 

Therefore, the verification should demonstrate the accuracy and possible weak points. The 

handling of the program will be tested as well.  
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2 Theory 

Two different programs are used for the case study. One program is a really detailed and accurate 

program called IDA. The alternative program will be utilized for testing and if the system works 

well and gives similar results, this will progress by comparing both programs two model houses 

which will be used.   

 

2.1 BECE 

The definition of BECE stands for basic energy and CO2 emissions of buildings. It is an EXCEL 

program, developed by Mauritz Glaumann and can be used for buildings in Sweden. It has several 

available sheets with different options. The most important sheets are explained in the following, 

the remaining ones are comprised with parameters and information; which there is no need to 

change, during the calculations.  

The first one is a cover. This is used for general information like the name of the building, the 

city and country where it is, the date and the assessors name. This sheet has no impact for the 

calculation. 

The second sheet gives an introduction about the program. For Mauritz Glaumann is “the aim of 

this file (…) to facilitate goal setting and explore options to reach these goals in early design 

phases.” This means that the user can find out how he/she can achieve the goals they want to 

reach in the early design phase. For example if they want to reduce the energy consumption, it 

can be seen how different changes interfere it. There are also instructions that specify which 

values are necessary to fill in and on which sheet. Furthermore, the calculation process is 

illustrated as shown in Figure 1. 

 

Figure 1: Illustration of the calculation process 
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The blue boxes show the data input of the building and the input order. First are general 

information like the location, the floor area and the lifetime of the building. After that the 

dimensions for the building are inputted. The next one are data for the construction. The last one 

is used for the energy source.  

The green boxes are permanent data, these are values like density or heat conduction for the 

material and the emissions from material or energy production. There are also facts about global 

warming. The program is still in development and not finished, therefore data is not given in 

complete form.  

The output can be seen in the yellow boxes. After the input for the construction data, the material 

amount and the U-values are calculated. The final results are the energy use and the climate 

changing potential.  

The third sheet is used for the input of general information. There are some input data which is 

necessary for the calculation and some which is only important for an overview. For the building 

type, this can be selected between residential and commercial premises. The date from which the 

building is occupied, also included is the name of the building, post code, city and state which 

can be filled out. Important for the calculation is the also the city. In the program the weather data 

for 22 cities are saved and the nearest one will be used for the calculation. The box for the city 

has to be filled out.  The next voluntary boxes are building owner, architect, building contact 

person and calculations done by. Some information about the floor area are followed like usable, 

gross, net and heated floor area in m². The heated floor area is calculated by the file. The number 

of floors can be filled out voluntary. An anticipated life time of the building has a compulsory 

value and must be inputted, as well as the intended number of users. The next two boxes are for 

the average daily use time in h/person and to estimate the buildings use in person*h/year, both 

are not necessary. The average indoor temperature for winter in °C and the air change rate is 

calculated automatically at a later date. The last two boxes are for further voluntary information 

about a building description and a building service. Once the general information sheet is filled 

out, the fourth sheet with dimensions of the building is followed. 

Data will have to filled in for the buildings floors, both underground, ground, intermediate and 

top. The first row is for the number of each type of floor, followed by the heated area, the 

perimeter and the height. The file calculates a sum or average of the entered values. The next rows 

are for the input of the windows and door fraction. There is another additional field to indicate if 

more than 50% of the windows are south facing. This is important for the calculation due to the 

building being heated up higher by the sun.  

After the general information and dimensions have been inserted the sheet about the construction 

has to be filled out. For the construction the following parts are necessary: basement, roof, attic, 

external wall, floor structure, internal walls, windows and external doors. There are different 

materials saved in the file. For example for the basement there are two layers, A and B. The 
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materials can be chosen for each layer, also the thickness and the fraction of the layer. After that 

the amount of layer A and B can be set in percent or by the floor area. For the other construction 

parts it is the same. A diagram shows the CO2 emission for every construction and the weight of 

the construction part. The total CO2 emission per m² heated area can be found at the end of the 

EXCEL sheet.  

The calculation for the energy demand can be seen in the next sheet. Some adjustments can be 

made like the ventilation heat exchange efficiency can be set or energy saving equipment can be 

selected. The options for this equipment are low energy demand lighting and white wares, 

building automatisation, ventilation heat recovery and waste water heat exchange. They can be 

considered by choosing yes in the next box. Furthermore the local energy recovery and supply 

can be changed. There are an external heat pump (air, ground water), a solar heat collector and 

electricity from photovoltaic or wind which can be selected. That sheet shows the total energy 

demand. It gives also an information over the CO2 emissions which come from the used energy 

per year. The energy sources can be chosen. For the temperature corresponding to internal gains 

a value has to be set. This value is the temperature to compensate free heat from people, 

appliances, sun shine and other heat sources. 

This program shows the energy use of a building in a few steps without modelling the entire 

house. It does not need a long time to fill in all the needed input parameters and the results can be 

seen quickly. It can’t give detailed information for the energy use for every month but it can for 

the total year.  

 

2.2 IDA 

The exact version of the program used is IDA ICE 4.6. ICE [6] is standing for indoor climate and 

energy. It is a building simulation tool. The program considers complete dynamic interactions 

between the building, plant, control engineering, outdoor climate and building occupants. There 

is a possibility to simulate a whole year, but it is also possible to simulate just dates or a defined 

period. IDA allows heating and cooling load calculations, energy demand calculations, comfort 

assessment or development of an innovative high-tech solution.  

Step by step the desired results can be retrieved. First the model has to be built. There exists the 

option to import CAD (computer aided design) files or bitmaps. With the drawings the building 

body can be generated. For single rooms or flats it is possible to put in zones. Windows and doors 

can be insert in the external walls. There is also a possibility to see the model in 3D.  

A lot of parameters have to be filled in. Figure 2 shows the user interface of IDA. 
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Figure 2: User interface of IDA 

 

First the defaults for external and internal walls, external and internal floors, the glazing, the door 

construction and the roof need to be set. For every construction different materials can be chosen 

and the thickness has to be filled in. If a wall for example is not only made of concrete it is possible 

to select several layers. New materials can be added to the data base.  

The orientation of the building is necessary for the calculation. Another point are the thermal 

bridges. It is possible to fill in the exact value, but if this figure is not known different values 

between none, good, typical, poor and very poor can be selected. For old non renovated / 

refurbished buildings the thermal bridges are more like poor; in newer buildings they are most of 

the time better, like good or typical values. Passive houses have very good thermal bridges. 

The ground properties can be defined in the next step. The ground layers under the basement slab 

and outside the basement walls can be chosen. For the ground temperature a value can be added, 

this is only considered if no whole-year climate file is selected. 

The infiltration, pressure coefficients, extra energy and losses as well as the system parameters 

can also be defined and adapted.  

In the data base there are different locations saved. The location gives information about the 

latitude, longitude, elevation and the time zone. This is important for the position of the sun and 

the angle for the solar radiation for the calculation. For a design day simulation with only one 

fixed temperature in winter and summer time the location file is enough. For the whole year 

simulation a climate file has to be added. This gives the exact dry-bulb temperature, relative 

humidity, direction and speed of wind and direct and diffuse radiation for every hour of the year. 

There is also a possibility to choose a wind profile. 

There are different options for the ventilation. It can be a mechanical ventilation like VAV 

systems or air handling units or natural ventilation like window or night ventilation. The 

ventilation unit can be changed and adapted. The supply and return air for every zone can be 

selected separately. For the winter and summer times the heating and cooling set point can be 

filled in for every zone.  
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The amount of occupants in a zone can also be set along with the time schedule. For example for 

a working person who is eight hours at work and on the weekend at home. If two occupants are 

living in a zone, because the zone simulate a flat, only one time schedule for both can be chosen. 

To get more detailed information, the rooms in each flat have to be simulated by different zones. 

The equipment and the lighting for each zone has to fill in; a time schedule can be made for both.  

Room units can be added to the zones, for example ideal heater or cooler, cooling devices, 

electrical radiator or water radiator. The building can be simulated in as much detail and accuracy 

the designer wants.  

A good and close to reality model leads to exact results. Before the simulation starts a mathematic 

model is built. The results can be selected under a task bar like the total heating and cooling, 

delivered energy, systems energy or input data report. It is also possible to see the main 

temperatures in each zones or get a report for every zone. The results can be opened by EXCEL 

or a report can be generated in WORD.  

IDA has a lot of possibilities to simulate and it is necessary to know what results are needed. It is 

not as easy to use as BECE and it needs more time to build the model and run the simulations.  

 

2.3 Models for the case study 

For the case study two different types of houses will be used. Both are passive houses and are 

already built in Sweden. Model A is a one-family house and model B is a multi-family house. 

The reason for using passive houses is that they are the coming type of houses which will be built 

more frequently in the future.  

 

2.3.1 Model A 

The house used as model A is a passive house built in 2011 in Upplands Väsby, Sweden. On 

Figure 3 the house can be seen. It is shown from three sides. On the roof are solar panels.  

 

Figure 3: One-family passive house in Uplands Väsby 



 

 8 

There is a ground and a first floor with 96,6 m² for each floor. The ground floor plan for the house 

can be seen in Figure 4. 

 

Figure 4: Ground floor plan of the one-family house 

 

It consists of the living room with a kitchen, hall, foyer, cloakroom, bathroom, storage room and 

engineering room. In the middle of the building are stairs to go to the first floor. The first floor 

plan is shown on Figure 5. 

 

Figure 5: First floor plan of the one-family house 
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In the first floor is a smaller living room, four bedrooms, a second bathroom and a dressing room. 

More drawings can be found in APPENDIX A. There can be found also pictures of the fassades 

and the wall construction. 

The windows are triple glazing with an g-value of 0,53 and a U-value of 0,675 W/m²K.  

The ventilation system is a Novus F 300 from Paul Wärmerückgewinnung GmbH [7]. It is a 

certified component for passive houses with an area up to 220 m². The volume flow is 121-

231 m³/h. It is a heat recovery system with an efficiency of 84%.  

 

 

2.3.2 Model B 

The second passive house is built in 2012 in Bollnäs, Sweden. This is used as model B. It is a 

multi-family house with seven floors and a room for the ventilation on the roof. The house can be 

seen in Figure 6. It is shown from two different sides. On the top of the house are solar panels and 

on each floor contains balconies. It has 24 apartments from two to four rooms. On the ground and 

sixth floor are two apartments. On each floor from 1 to 5 are four apartments.  

 

Figure 6: Multi-family passive house in Bollnäs 

 

The ground floor plan is shown in Figure 7.  
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Figure 7: Ground floor plan of the multi-family house 

 

There is a foyer, storage rooms, a hall and two flats. In the middle of the house are the steps and 

an escalator. The two flats have 63 m² and consists of a living room, bedroom, kitchen and 

bathroom. 

The next five floors all look the same as seen in Figure 8.  
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Figure 8: Floor plan 1 to 5 of the multi-family house 

 

There are four different flats on each floor; one two room apartment, two three room apartments 

and one four room apartment. To get a better overview the flats have numbers from 1 to 4. All 

the plans can also seen in APPENDIX B.  

The flat with the number 1 has an area of 79 m² and one balcony. It consists of  a living room 

with a kitchen, two bedrooms, a foyer, a bathroom and a dressing room. Flat number 2 is the 

biggest one with 87 m². Three bedrooms, a living room with kitchen, a foyer, a bathroom and a 

toilet makes it to a four room apartment. Moreover, it has two balconies.  

The next flat has 71 m² and is a three room apartment with two bedrooms, a living room with 

kitchen, a foyer and a bathroom. It has one balcony.  

The smallest flat is the one with number 4 with 63 m². It only has one bedroom. A living room 

with kitchen, a bathroom and a foyer. Additionally it has a balcony.  

 

Floor number 6 has two penthouse apartments which can be seen in Figure 9.  

1 

2 

3 4 
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Figure 9: Floor plan 6 of the multi-family house 

 

Both apartments are identical with an area of 109 m². They consist of a living room, three 

bedrooms, a dining room, a kitchen, a bathroom and a toilet. Also two balconies are available. 

The sixth floor is smaller than the other ones. This can be also seen on Figure 6. 

The wall construction used for the models can be found under models in IDA. There is also a 

description of the real construction. 

The windows are triple glazing with an g-value of 0,5 and an U-value of 0,5 W/m²K. 

The ventilation rates for the different apartments are summarized in Table 1. For the detailed rates 

see APPENDIX B.  

 

Table 1: Ventilation rates 

Section  Floor  Supply air [l/s] Return air [l/s] 

Corridor Ground floor 30 0 

Storage 1 Ground floor 20 20 

Storage 2 Ground floor 25 25 

Flat 1+2 Ground floor 25 25 

Flat 1 Floor 1-5 28 28 

Flat 2 Floor 1-5 35 35 

Flat 3 Floor 1-5 25 25 

Flat 4 Floor 1-5 25 25 

Flat 1+2 Floor 6 38 38 
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3 Process  

This chapter shows the process of constructing the models in IDA and the using of BECE. All the 

needed input data is also shown as well as the procedure.  

3.1 Models in IDA 

The models in IDA should be built as realistic as possible. Some assumptions are made for values 

which are not known. The most important thing is to use the same input values in both programs. 

Same assumptions made for the models should not have an impact for the comparison of the 

results. The solar panels in both buildings are not considered in the models and the calculation of 

the energy demand. 

The theory part gives a description of the models. For building those in IDA all the information 

are summarized and the input data are collected. The following gives a description of the building 

process of the model.  

 

3.1.1 Model A 

The one-family house is built with a building body and two zones. There is one zone for the 

ground and one for the top floor. There is also the possibility to build every room as a zone, but 

then the rooms to the south will get heated more up than the one to the other sides. For the 

comparison of the results of both programs a model like that is better and accurate enough. The 

model in IDA looks like Figure 10. 

 

Figure 10: 3D view of Model A in IDA 
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All the drawings and constructions can be seen in Appendix A. There are some shadings and over 

50% of the windows are to the south. 

The different constructions for the external walls, the foundation and ceiling can be found in the 

following tables. For the foundation different materials are used. Some of them have to be created 

in IDA. Therefore the heat conductivity, density and specfic heat have to be known. The 

foundation materials and thicknesses can be seen in Table 2. 

 

Table 2: Construction of the foundation in model A 

Material Thickness 

(mm) 

Heat conductivity 

(W/mK) 

Density 

(kg/m³) 

Specific heat 

(J/kgK) 

Cellplast JP200[8] 70 0,034 30 1340 

Concrete 100 1,7 2300 880 

Cellplast S100[8] 200 0,036 20 1340 

Foamglas Floor 

Board T4+[8] 

50 0,041 115 1000 

 

The external walls are created like Table 3. 

 

Table 3: Construction of the external walls in model A 

Material Thickness 

(mm) 

Heat conductivity 

(W/mK) 

Density 

(kg/m³) 

Specific heat 

(J/kgK) 

Plywood[8] 12 0,13 500 2300 

Cellplast S80[8] 246 0,038 17 1340 

Plywood 12 0,13 500 2300 

Air gap 12 0,075 1,2 1006 

Mineral wool 140 0,037 60 840 

Wood 20 0,14 500 2300 

Fiber gypsum[8] 20 0,036 1150 1100 

 

The construction of the ceiling of the top floor can be seen in Table 4. The roof has no influence 

of the building insolation. The temperature inside the roof is nearly the outdoor temperature. As 

a consequence the following construction is assumed as roof.  
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Table 4: Construction of the ceiling in model A 

Material Thickness 

(mm) 

Heat conductivity 

(W/mK) 

Density 

(kg/m³) 

Specific heat 

(J/kgK) 

Loose wool 600 0,041 100 840 

Air gap 100 0,075 1,2 1006 

Wood  22  0,14 500 2300 

Steel stud[8] 1 0,075 1,2 1006 

Air gap 70 0,075 1,2 1006 

Gypsum 13 0,22 970 1090 

 

The ceiling between the ground and the top floor has a special construction. It is very good isolated 

and can be found in Table 5. 

 

Table 5: Construction of the ground floor ceiling in model A 

Material Thickness 

(mm) 

Heat conductivity 

(W/mK) 

Density 

(kg/m³) 

Specific heat 

(J/kgK) 

Wood 37 0,14 500 2300 

Air gap 190 0,075 1,2 1006 

Rock wool[8] 95 0,04 50 840 

Air gap 28 0,075 1,2 1006 

Gypsum 13 0,22 970 1090 

 

The door will be assumed as a wooden door with a thickness of 70 mm. 

IDA can also show the model including the wall thickness. In this case the model A shows a 

passive house, which is very good isolated and has thick walls. This is shown by Figure 11. 

All the windows are three pane glanzing with an g-value of 0,53 and a U-value of 0,675 W/m²K.  
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Figure 11: 3D view of Model A in IDA including wall thickness 

 

The pressure coefficants will be set by auto fill AIVC ”semi-exposed”. The climate file which is 

used for the simulation is from Stockholm.  

For the internal gains assumptions are made. In both zones there is equipment with a power of 

275 W and a fixed building electricity of 2500 W. In the building are living five occupants.  

The domestic hot water is also calculated by IDA. Therefore, the average hot water use is assumed 

with 2,4 l/m² floor area and day.  

 

The thermal bridges are considered between good and none. This can be seen in Figure 12. Passive 

houses in general have nearly none thermal bridges.  



 

 17 

 

Figure 12: Thermal bridges in model A 
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3.1.2 Model B 

The building body of the multi-family house is designed first. The drawings are inputted and 

different zones for the apartments are designed. Shadings, doors and windows are added. The 

model B looks in IDA like Figure 13. 

 

Figure 13: 3D view of model B in IDA 

 

The wall construction, windows and doors are adapted to the real house. For the door an 

assumption is made. It is built as a wooden door with a thicknesss of 70 mm. The windows are 

triple glazing with an g-value of 0,5 and an U-value of 0,5 W/m²K. 

The foundation is assumed like in Table 6. 

 

Table 6: Construction of the foundation in model B 

Material Thickness 

(mm) 

Heat conductivity 

(W/mK) 

Density 

(kg/m³) 

Specific heat 

(J/kgK) 

Concrete 120 1,7 2300 880 

Klinker[8] 400 0,1 600 1000 

Concrete 200 1,7 2300 880 

Cellplast S100 300 0,036 20 1340 
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Table 7 shows the construction of the external walls. The EPS and mineral wool have the most 

impact for the insulation.  

 

Table 7: Construction of the external walls in model B 

Material Thickness 

(mm) 

Heat conductivity 

(W/mK) 

Density 

(kg/m³) 

Specific heat 

(J/kgK) 

Plaster[8] 5 1,2 1500 900 

Mineral wool 120 0,037 60 840 

EPS[8] 100 0,038 15 1340 

Lightweight 

concrete 

200 0,15 500 1050 

Plaster 5 1,2 1500 900 

 

For the multi-family house a zone is created for every apartment. In that model there are also 

internal walls. A standard type of internal walls in IDA is assumed; this looks like Table 8. 

 

Table 8: Construction of the internal walls in model B 

Material Thickness 

(mm) 

Heat conductivity 

(W/mK) 

Density 

(kg/m³) 

Specific heat 

(J/kgK) 

Gypsum 2,6 0,22 970 1090 

Air in 30 mm 

vert. air gap 

3,2 0,17 1,2 1006 

Light 

insulation 

3 0,036 20 750 

Air in 30 mm 

vert. air gap 

3,2 0,17 1,2 1006 

Gypsum 2,6 0,22 970 1090 

 

The building has a seventh floor for the ventilation system. This floor does not have a big 

influence for the energy consumption and will be unattended for the simulation. The roof will be 

assumed as a flat roof with the materials which are shown in Table 9. 
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Table 9: Construction of the roof in model B 

Material Thickness 

(mm) 

Heat conductivity 

(W/mK) 

Density 

(kg/m³) 

Specific heat 

(J/kgK) 

Takboard 

(Rock wool 

ROB 80) [8] 

20 0,038 180 840 

Mineral wool 250 0,037 60 840 

Air gap 110 0,075 1,2 1006 

Gyproc 

Protect[8] 

30 0,25 820 920 

 

For the ceiling of the floors a standard constuction in IDA is used. This looks like Table 10. 

 

Table 10: Construction of the ceilings in model B 

Material Thickness 

(mm) 

Heat conductivity 

(W/mK) 

Density 

(kg/m³) 

Specific heat 

(J/kgK) 

Floor coating 5 0,18 1100 920 

L/W concrete 20 0,15 500 1050 

Concrete 260 1,7 2300 880 

 

For the internal gains, there are the occupants and the equipment. There are no values for the 

building, so assumptions have to be made. The assumptions are recommended value according to 

Sveby [9]. For the equipment the electricity consumption for each flat is 1670 kWh and for each 

person 300 kWh. With that values the total consumption can be calculated. The following Table 

11 shows it for the different apartment sizes. For the two storage rooms in the ground floor 100 

W are assumed. Also for the corridors an assumption of 50 W is made.  

 

Table 11: Energy conssumption for the apartments [9] 

amount of 

rooms 
persons 

electricity 

consumption 

for each 

apartment in 

kWh 

electricity 

consumption 

for each 

person in 

kWh 

  

total 

electricity 

consumption 

kWh/year 

total 

electricity 

consumption 

W 

2 1,5 1670 300 450 2120 242 

3 2 1670 300 600 2270 259 

4 3 1670 300 900 2570 293 
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There are 24 apartments in this multi-family house. On the ground and top floor there are two 

apartments, on each of the next five floors there a four apartments. In order to get the number of 

persons, the following assumptions like Table 12 will be used. 

 

Table 12: Amount of persons for different apartment sizes [9] 

Number of rooms/apartment Number of persons/apartment 

1 1 

2 1,5 

3 2 

4 3 

5 3,5 

 

The amount of persons in the house can be calculated now. The calculation can be seen in Table 

13. 

 

Table 13: Calculation total amount of persons 

Number of rooms/ 

apartment 

Number of 

apartments 

Number of 

persons/apartment 

Number of 

persons 

1 0 1 0 

2 7 1,5 10,5 

3 10 2 20 

4 7 3 21 

5 0 3,5 0 

  Total 51,5 

 

In IDA the amount of occupants for each apartment can be filled in. For BECE the total amount 

is used. In that case 52 occupants.  

The pressure coefficants will be set by auto fill AIVC ”semi-exposed”. The climate file which is 

used for the simulation is from Gävle.  

The thermal bridges will be set between none and good. Passive houses in general have very good 

thermal bridges. The settings can be seen in Figure 14. 
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Figure 14: Thermal bridges in model B 
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3.1.3 Overview 

The following Table 14 gives an overview and summarizes the most important parameters for the 

buildings in IDA. 

 

Table 14: Overview of the models 

 Model A Model B Unit 

Type  One-family house Multi-family house  

Building year 2011 2012  

City Upplands-Väsby Bollnäs  

Heated area 190 2150 m² 

Floors 2 7  

Ventilation system AHU with heat 

recovery (94%) 

AHU with heat 

recovery (60%) 

 

Occupants 5 52  

U-value windows 0,68 0,5 W/m²K 

U-value external walls 0,09 0,14 W/m²K 

U-value foundation 0,11 0,079 W/m²K 

U-value roof 0,05 0,14 W/m²K 

U-value door 1,49 1,49 W/m²K 
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3.2 Models in BECE 

The models are not built like in IDA. There are only input parameters filled in the EXCEL tool. 

No simulations have to be done; the calculations will be made automatically.  

There are less input data in BECE compared to IDA. The following gives a description of the 

input values in BECE for both models. 

 

3.2.1 Model A 

The building type for model A is set to residential and the nearest city is Stockholm. For the 

anticipated life time 50 years is assumed. The designed number of users is five like in IDA. The 

indoor temperature is 22 degrees.  

 

Figure 15: Input dimension sheet BECE for model A 

 

First the building is dimensioned like in Figure 15. For the ground and top floor an area of 95,1 m² 

like in IDA is filled in. The perimeter of the building is 43 m. The height includes the insulation 

parts as well. The window fraction for the ground floor is calculated like in the following: 

𝑊𝑖𝑛𝑑𝑜𝑤𝑠 𝑓𝑟𝑎𝑐𝑡𝑖𝑜𝑛 =
15,21 𝑚2

43𝑚 ∗ 2,7𝑚
= 13,1% 

The 15,21 m² are the area of windows in the ground floor. For the first floor the calculation looks 

like: 

𝑊𝑖𝑛𝑑𝑜𝑤𝑠 𝑓𝑟𝑎𝑐𝑡𝑖𝑜𝑛 =
10,62 𝑚2

43𝑚 ∗ 3𝑚
= 8,2% 

There are two doors in the ground floor with an area of 4,2 m². So the door fraction is calculated 

like: 

𝑊𝑖𝑛𝑑𝑜𝑤𝑠 𝑓𝑟𝑎𝑐𝑡𝑖𝑜𝑛 =
4,2 𝑚2

43𝑚 ∗ 2,7𝑚
= 4% 

The roof is not considered in the IDA calculation due to the attic is well isolated and in the roof 

is more or less the same temperature as outside. In BECE the roof pitch is set to 0. So it will be 

considered as a flat roof.  

Most of the windows are towards the south, so for the option “more than 50% of windows towards 

south” is chosen yes.  

Basdatafliken går före

Number of 

floors

Atemp

m
2

P, Perimeter

m

Height

m

Ext. walls 

towards heated 

area

Window 

fraction
Door fraction

P/P0 , P0 = 

0ptimal Perim. 

ratio

Floors under ground 0 0 0 0 0.0% 0.0% 0.00

Ground floor 1 95.1 43 2.7 13.1% 4.0% 1.11

Intermediate floors 0 0 0 0 0.0% 0.0% 0.00

Top floor 1 95.1 43 3 8.2% 0.0% 1.11

Sum/Average 2 95 43 2.9 10.7% 2.0% 1.11

Roof pitch 0 Ground area (foot print)

With of the building 10 More than 50% of windows towards south yes Walls towards ground

Clear
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The next sheet is about the construction. The basement or foundation is built like in Table 15. The 

materials are saved in the program. The thicknesses are the same like for IDA. The following 

tables show also the weight, heat-resistance and the equivalent CO2 emissions. 

 

Table 15: Basement construction in BECE for model A 

 

The construction for the attic in BECE is shown by Table 16. In the yellow boxes at the end are 

the U-value and the total thickness. 

 

Table 16: Attic construction in BECE for model A 

 

Table 17 shows the construction for the external wall.  

A Basement slab, 100% Area, m2: 108

Layer Material
Thickness, 

mm

Fraction of 

Layer
Weight, kg

Heat-resist.

m
2
 K/W

CO2 

kgequiv
Diff. Life 

time, yr

Insulation, Polystyrene, EPS 70 100% 113 2.00 205

Concrete reinforced 100 100% 24,861 0.09 3,282

Insulation, Polystyrene, EPS 200 100% 324 5.71 585

Insulation, Foamglas 50 100% 649 1.28 212

0 0.00 0

0 0.00 0

0 0.00 0

0 0.00 0

0 0.00 0

0 0.00 0

0 0.00 0

U-value 0.11 420 25,947 Total 4,283

CO2 kgequiv/m2HFA 22.5

Attic From  ceiling top floor to attic. If no attic space use only roof.

A Fraction of attic slabs type A 100% Area, m2: 108

Layer Material
Thickness, 

mm

Fraction of 

Layer
Weight, kg

Heat-resist.

m
2
 K/W

CO2 

kgequiv
Diff. Life 

time, yr

Insulation, Rockwool 600 100% 1,816 13.95 2,651

Air 100 100% 0 1.25 0

Wood plywood 22 100% 1,189 0.13 793

Air 70 100% 0 0.88 0

Gypsum, plaster board 13 100% 1,265 0.08 379

0 0.00 0

0 0.00 0

0 0.00 0

0 0.00 0

0 0.00 0

0 0.00 0

0 0.00 0

U-value 0.06 805 Tot Weight 4,270 16.29 3,824

CO2 equiv/m2HFA 20.1
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Table 17: External wall construction in BECE for model A 

 

The internal floor in the one-family house is very thick with 363 mm. It also has a good insulation 

and looks like Table 18. 

 

Table 18: Internal floor construction in BECE for model A 

 

The input data for the triple glazing looks like Table 19. 

 

Table 19: Windows construction in BECE for model A 

 

The door is assumed as a wooden door with a thickness of 70 mm like in IDA. 

B Fraction of external walls 100% Area, m2: 216

Layer Material
Thickness, 

mm

Fraction of 

Layer
Weight, kg

Heat-resist.

m
2
 K/W

CO2 

kgequiv
Diff. Life 

time, yr

Wood plywood 12 100% 1,297 0.071 865

Insulation, Polystyrene, EPS 246 100% 798 7.0 1,438

Wood plywood 12 100% 1,297 0.1 865

Air 12 100% 0 0.2 0

Insulation, Rockwool 140 100% 847 3.3 1,237

Wood 20 100% 2,162 0.1 242

Gypsum, plaster board 20 100% 3,891 0.1 1,167

0 0.0 0

0 0.0 0

0 0.0 0

0 0.0 0

0 0.0 0

0 0.0 0

U-value 0.09 462 Tot Weight 10,292 10.843 5,815

kgCO2 equiv/m2HFA 30.6
Clear ext. wallsClear ext. wallsClear ext. wallsClear ext. wallsClear ext. walls

Floor structure
A Fraction of slabs type A 100% Area, m2: 190

Layer Material
Thickness, 

mm

Fraction of 

Layer
Weight, kg

Heat-resist.

m
2
 K/W

CO2 

kgequiv
Diff. Life 

time, yr

Wood 37 100% 3,519 not relev. 394

Air 190 100% 0 not relev. 0

Insulation, Rockwool 95 100% 506 not relev. 739

Air 28 100% 0 not relev. 0

Gypsum, plaster board 13 100% 2,225 not relev. 668

0 not relev. 0

0 not relev. 0

not relev.

363 Tot Weight 6,250 Total 1,800

CO2 equiv/m2HFA 9.5

Windows
A 100% Area, m2 26.0 Own value

Material
Thickness, 

mm

Fraction of 

aperture
Weight, kg

Heat-resist.

m
2
 K/W

CO2 

kgequiv
Diff. Life 

time, yr

Glass 10 100% 675 not relev. 408

Air 3 100% 0 not relev. 0

Glass 10 100% 675 not relev. 408

Air 3 100% 0 not relev. 0

Glass 14 100% 945 not relev. 572

U-value 0.68 40 Tot Weight 2,295 Total 1,389

CO2 equiv/m2HFA 7.3
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The program does not show the builing as a model, but a diagram with the weight and the climate 

impact of the different construction party can be seen like Figure 16. On the left side the weight 

in kg is shown and on the right side the equivalent CO2 emissions in kg. 

 

Figure 16: Diagram weight and CO2 emissions of different construction parts for model A 

 

The highest CO2 emissions can be found by the external walls, followed by the basement and the 

attic (roof). The basement construction is the heaviest one.  

 

3.2.2 Model B 

For model B the building type is a residential building. For the nearest city is chosen Stockholm. 

The anticipated life time is assumed with 50 years. The designed number of users is assumed with 

52 like in IDA. The indoor temperature is set to 22 °C. The dimension values can be seen in the 

following Figure 17. 

 

Figure 17: Input dimension sheet BECE for model B 

 

The fraction area of windows and doors are calculated like for model A. In the multi-family house 

are five intermediate floors. The ground and intermediate floors have the same size. The top floor 

has a smaller area. The roof is assumed as a flat roof like in IDA. 
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Basdatafliken går före

Number of 

floors

Atemp

m
2

P, Perimeter

m

Height

m

Ext. walls 

towards heated 

area

Window 

fraction
Door fraction

P/P0 , P0 = 

0ptimal Perim. 

ratio

Floors under ground 0 0 0 0 0.0% 0.0% 0.00

Ground floor 1 320 82 2.6 12.3% 1.0% 1.15

Intermediate floors 5 320 82 2.6 23.6% 0.0% 1.15

Top floor 1 224 58 2.6 23.0% 0.0% 0.98

Sum/Average 7 306 79 2.6 21.9% 0.1% 1.13

Roof pitch 0 Ground area (foot print)

With of the building 0 More than 50% of windows towards south no Walls towards ground

Clear
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The construction values are the same like the one used for the model in IDA. For the foundation 

or basement it looks like Table 20. 

 

Table 20: Basement construction in BECE for model B 

 

The attic which is used as roof in the calculation has a construction which can be seen in Table 

21. 

 

Table 21: Attic construction in BECE for model B 

 

Table 22 shows the construction of the external walls in the model.  

A Basement slab, 100% Area, m2: 345

Layer Material
Thickness, 

mm

Fraction of 

Layer
Weight, kg

Heat-resist.

m
2
 K/W

CO2 

kgequiv
Diff. Life 

time, yr

Concrete reinforced 120 100% 95,110 0.11 12,554

Light clinker masonry 400 100% 89,596 1.21 0

Concrete reinforced 200 100% 158,516 0.18 20,924

Insulation, Polystyrene, EPS 300 100% 1,551 8.57 2,796

0 0.00 0

0 0.00 0

0 0.00 0

0 0.00 0

0 0.00 0

0 0.00 0

0 0.00 0

U-value 0.10 344,772 Total 36,274

CO2 kgequiv/m2HFA 16.9

Attic From  ceiling top floor to attic. If no attic space use only roof.

A Fraction of attic slabs type A 100% Area, m2: 242

Layer Material
Thickness, 

mm

Fraction of 

Layer
Weight, kg

Heat-resist.

m
2
 K/W

CO2 

kgequiv
Diff. Life 

time, yr

Wood plywood 20 100% 2,415 0.12 1,611

Air 250 100% 0 3.13 0

Insulation, Rockwool 110 100% 744 2.56 1,086

Wood plywood 30 100% 3,623 0.18 2,416

0 0.00 0

0 0.00 0

0 0.00 0

0 0.00 0

0 0.00 0

0 0.00 0

0 0.00 0

0 0.00 0

U-value 0.16 410 Tot Weight 6,782 5.98 5,113

CO2 equiv/m2HFA 2.4
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Table 22: External wall construction in BECE for model B 

 

The internal floors in model B are assumed as concrete floors with a thickness of 260 mm. The 

internal walls are also assumed as concrete walls with a thickness of 15 mm. 

The construction of the windows can be seen in Table 23. 

 

Table 23: Window construction in BECE for model B 

 

B Fraction of external walls 100% Area, m2: 1,120

Layer Material
Thickness, 

mm

Fraction of 

Layer
Weight, kg

Heat-resist.

m
2
 K/W

CO2 

kgequiv
Diff. Life 

time, yr

Plaster 5 100% 8,961 0.007 977

Insulation, Rockwool 120 100% 3,764 2.8 5,495

Insulation, Polystyrene, EPS 100 100% 1,680 2.9 3,029

Concrete lightweight 200 100% 114,256 1.1 51,415

Plaster 5 100% 8,961 0.0 977

0 0.0 0

0 0.0 0

0 0.0 0

0 0.0 0

0 0.0 0

0 0.0 0

0 0.0 0

0 0.0 0

U-value 0.14 430 Tot Weight 137,623 6.714 61,893

kgCO2 equiv/m2HFA 28.9
Clear ext. wallsClear ext. wallsClear ext. wallsClear ext. wallsClear ext. walls

Windows
A 100% Area, m2 314.0 Own value

Material
Thickness, 

mm

Fraction of 

aperture
Weight, kg

Heat-resist.

m
2
 K/W

CO2 

kgequiv
Diff. Life 

time, yr

Glass 10 100% 8,163 not relev. 4,938

Air 3 100% 0 not relev. 0

Glass 10 100% 8,163 not relev. 4,938

Air 3 100% 0 not relev. 0

Glass 10 100% 8,163 not relev. 4,938

U-value 0.5 36 Tot Weight 24,488 Total 14,815

CO2 equiv/m2HFA 6.9
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The door is assumed as a wooden door with a thickness of 70 mm like in IDA. For this model 

the diagram about thee weights and CO2 emissions can be considered. It looks like Figure 18. 

 

Figure 18: Diagram weight and CO2 emissions of different construction parts for model B 

The highest CO2 emissions can be found in the floor construction which is only consisting of 

concrete. The basement in contrast has much less CO2 emissions. 
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4 Results 

This part deals with the results for the simulation in IDA and the calculation in BECE. There is 

also a comparison of both and a sensitivity analysis. In the last step, some building features will 

be changed and the impact on the results will be considered. The changes will give information 

about the accuracy of BECE.  

 

4.1 Model A 

4.1.1 IDA 

After the construction of the model the simulation can be done. A whole year from January to 

December is simulated. There are no cooling units in the model.  

The most important results can be seen in Table 24. There is the building electricity with some 

equipment, the air handling unit and the electric for heating and the user electricity with the 

equipment. The domestic hot water can be also seen.  

 

Table 24: Overview of the delivered energy in model A 

 

 

Demand

kWh kWh/m2 kW

Equipment, 

facility
2500 13.2 0.29

Electric 

cooling
0 0 0

HVAC aux 956 5 0.11

Electric 

heating
909 4.8 1.92

Total, Facility 

electric
4365 23

Fuel heating 0 0 0

Domestic hot 

water
4843 25.5 0.55

Total, Facility 

fuel*
4843 25.5

Total 9208 48.4

Equipment, 

tenant
4818 25.3 0.55

Total, Tenant 

electric
4818 25.3

Grand total 14026 73.8

Delivered energy



 

 32 

More results like the energy losses through the envelope and thermal bridges are shown in Table 

25. The ventilation losses are the sum of the mechanical supply air losses and the infiltration and 

openings. There are the total values for the whole year and the values during the heating and 

cooling period as well as the rest of the time. The cooling period is not considered due to there 

being no cooling in the building.  

Both tables give information about the results which are used for the comparison with the results 

of BECE. 

 

Table 25: Energy losses, internal gains and heating results for model A (sensible only) 

  

Envelope & 

Thermal 

bridges 

Internal 

Walls and 

Masses 

Window & 

Solar 

Mech. 

supply air 

Infiltration 

& Openings 

Occu-

pants 

Equip-

ment 

Local 

heating 

units 

                  

1 -459.5 1.9 -223.6 -322.2 -19.1 315.1 409.2 304 

2 -463.2 -5.8 -30 -355.9 -15.2 277.1 369.6 228.8 

3 -496.5 -27.3 408.4 -528.5 -18 242.6 409.2 18.3 

4 -432.4 -5.2 384.9 -544.1 -17.3 223.1 396 3 

5 -397.6 5.4 737.2 -827.2 -10.2 97.8 409.2 0 

6 -338 4.7 834.2 -876.5 -5.9 5.3 396 0 

7 -316.8 -14.3 627.5 -780.2 -6.9 96.7 409.2 0 

8 -308.5 24.9 682.7 -844.6 -3.5 56.5 409.2 0 

9 -342.4 25.6 550.4 -738.1 -9.6 129.7 396 0 

10 -305.5 16.7 87.6 -461.8 -11.1 270.3 409.2 0 

11 -341.8 15.7 -79 -345.4 -16 291.9 396 83.3 

12 -425.3 3.2 -235.7 -309.6 -23.3 315.7 409.2 271.5 

Total -4627.5 45.6 3744.6 -6934.1 -155.9 2321.7 4818 908.9 

During 

heating 
(3279.0 h) 

-1594.7 164.4 -895.2 -1248.9 -75.2 1220.6 1538.9 908.9 

During 

cooling 

(2515.0 h) 

-1662.2 -317.2 3803.6 -3615.3 -26.8 185.1 1710.6 0 

Rest of time -1370.6 198.4 836.2 -2069.9 -53.9 916 1568.5 0 

 

 

4.1.2 BECE 

On the energy sheet in BECE a value for the internal gains has to be set. To get first results it is 

assumed with internal gains correspond to 6,5 degrees. The results are shown by Table 26. 

There are different options for the energy savings. The heat recovery is set with an efficiency of 

94%. For low energy demand lighting and white wares can be chosen 0, 10% and 20%.  
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The building automatisation can be set to advanced, basic or no. Therefore, a passive house is 

considered “advanced” and “20%” are selected.   

 

Table 26: Energy demand and external supply for model A in BECE 

 

  

ENERGY DEMAND & EXTERNAL 

SUPPLY

Estimation, 

kWh/yr

Real/

simulated, 

kWh/yr

Specific

kWh/m
2
,yr

Calculated/measured losses 16,642 0 87.5

Total Losses 16,642

Building electricity 4,514 23.7

User electricity 5,706 30.0

10,220 0 53.7

26,861 141.2

ENERGY SAVING EQUIPMENT kWh/yr kWh/m2,yr
Low energy demand lighting and 

whitewares
20% -1,141 -6.0

Building automatisation Advanced -494 -2.60

Ventilation heat recovery Yes -6,642 -34.9

Waste water heat exchange No 0 0.0

Total savings -8,277 0 -43.5

Total energy demand 18,584 97.7

LOCAL ENERGY RECOVERY & SUPPLY kWh/yr
Real/

simulated, 
kWh/m2,yr

Ext.heat pump (air, ground, water) no 0 0.0

Solar_heat_flate_plate_collector 0 0.0

Electricity PV_muliti-Si_panel 0 0.0

Electricity Wind_2 MW 0 0.0

Sum local energy 0 0 0.0

Total use 18,584 97.7

Whereof heat 9,999 0 52.6

Whereof electricity 8,585 0 45.1

Without user electricity 12,878 0 68

Calculated/measured electrcity demand

Total demand

24.9

37.2

25.5

4,727

4,848

7,066

Space heating - transmission losses

Ventilation lossess

Hot water energy use

Cooling
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4.2 Model B 

4.2.1 IDA 

The simulation for model B gives the following results for the delivered energy which can be seen 

in Table 27.  

 

Table 27: Overview of the delivered energy in model  B 

 

 

Table 28 shows more results, like the losses through envelope and thermal bridges, internal walls 

and masses, window and solar, mechanical supply air, infiltration and openings and occupants.  

  

Demand

kWh kWh/m2 kW

Equipment, 

facility
2500 1.2 0.29

Electric 

cooling
0 0 0

HVAC aux 10852 5 1.25

Electric 

heating
19990 9.3 14.9

Total, Facility 

electric
33342 15.5

Domestic hot 

water 54881
20.4 5.01

Total, Facility 

fuel* 54881
20.4

Total 77249 35.9

Equipment, 

tenant
60309 28 6.89

Total, Tenant 

electric
60309 28

Grand total 137558 63.9

Delivered energy
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Table 28: Energy losses, internal gains and heating results for model B (sensible only) 

Month 

Envelope & 

Thermal 

bridges 

Internal Walls 

and Masses 

Window & 

Solar 

Mech. 

supply air 

Infiltration & 

Openings 

Occu-

pants 

Equip-

ment 

Local 

heating 

units 

                  

1 -4212.2 6.9 -2875.4 -7589.8 -73.6 3203.1 5122.2 6481.7 

2 -3851.6 -24 -1792.6 -6994.7 -77.7 2878.6 4626.1 5292.5 

3 -3605.7 -462.2 1417 -6589 -128.1 3026.6 5122.2 1287.6 

4 -3283.4 -1031.6 4248.5 -6813.1 -89.2 2111.5 4957.4 1.1 

5 -2830.4 -277.8 5578.4 -8715 -76.4 1339.1 5122.2 0 

6 -2355.3 -459.3 6464 -9146 -47 755.4 4957.4 0 

7 -2098.6 147.4 5978.2 -9328.8 -49.6 419.8 5122.2 0 

8 -2061.5 464.2 4524 -8785.5 -30.6 924.2 5122.2 0 

9 -2264.9 221.3 2908.4 -7467.6 -44 1792.4 4957.4 0 

10 -2859 755.2 844.1 -6214.1 -73 2490.6 5122.2 1.1 

11 -2823.8 386.9 -1580.2 -5152.4 -117.7 3035.5 4957.4 1349 

12 -3929.8 16.1 -2908.5 -6912.4 -119.2 3215.3 5122.2 5578.1 

Total -36176.1 -256.8 22805.7 -89708.4 -925.9 25192 60311.1 19991.1 

During 

heating (0.0 

h) 

-14697.9 -476.2 -9901.6 -27786.1 -371.3 13592.2 19909.1 19990.8 

During 

cooling 

(4361.0 h) 

-16676.9 -2610.2 31987.7 -55420.1 -385.7 9274.6 34754.4 0 

Rest of time -4801.3 2829.6 719.6 -6502.2 -168.9 2325.2 5647.6 0.3 

 

 

4.2.2 BECE 

For the first results for model B the corresponding temperature to internal gains is as well 

6,5 degrees. In the sensitivity analysis the accuracy will be proved. For the first calculation the 

results look like Table 29. 

For the energy savings the low energy demand for lighting and white wares is set to 20% and the 

building automatisation is advanced. The heat recovery in that building is assumed with an 

efficiency of 60%.  
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Table 29: Energy demand and external supply for model B in BECE 

 

  

ENERGY DEMAND & EXTERNAL 

SUPPLY

Estimation, 

kWh/yr

Real/

simulated, 

kWh/yr

Specific

kWh/m
2
,yr

Calculated/measured losses 175,093 0 81.7

Total Losses 175,093

Building electricity 44,108 20.6

User electricity 64,320 30.0

108,428 0 50.6

283,521 132.2

ENERGY SAVING EQUIPMENT kWh/yr kWh/m2,yr
Low energy demand lighting and 

whitewares
20% -12,864 -6.0

Building automatisation Advanced -7,597 -3.54

Ventilation heat recovery Yes -47,793 -22.3

Waste water heat exchange No 0 0.0

Total savings -68,254 0 -31.8

Total energy demand 215,267 100.4

LOCAL ENERGY RECOVERY & SUPPLY kWh/yr
Real/

simulated, 
kWh/m2,yr

Ext.heat pump (air, ground, water) no 0 0.0

Solar_heat_flate_plate_collector 0 0.0

Electricity PV_muliti-Si_panel 0 0.0

Electricity Wind_2 MW 0 0.0

Sum local energy 0 0 0.0

Total use 215,267 100.4

Whereof heat 127,299 0 59.4

Whereof electricity 87,967 0 41.0

Without user electricity 150,947 0 70

Calculated/measured electrcity demand

Total demand

19.0

37.2

25.5

40,789

54,649

79,655

Space heating - transmission losses

Ventilation lossess

Hot water energy use

Cooling



 

 37 

4.3 Comparison of the results and sensitivity analysis 

All the simulations and calculations are made, now the results can be compared and adaptions can 

be made. A sensitivity analysis for the corresponding internal gains temperature in BECE will be 

made. After the sensitivity analysis the model will be adapted in IDA.  

 

4.3.1 Model A 

4.3.1.1 Comparison 

The following Table 30 shows a comparison of the results in IDA and BECE, the most important 

values are considered. 

 

Table 30: Comparison results IDA and BECE for model A 

IDA     BECE   

ENERGY DEMAND  kWh/yr   ENERGY DEMAND  kWh/yr 

Equipment, facility 2500 
 

Space heating - transmission 

losses 
4727 

AHU electricity 956  Ventilation losses 7066 

Electric heating 909  Heat recovery -6642 

     Hot water energy use 4848 

Total, facility electric 4365  Total losses 9999 

     Building electricity with savings 4020 

Domestic hot water 4843  User electricity with savings 4565 

Equipment, tenant 4818 
 

Calculated electricity demand 8585 

Grand total 14026   Total demand 18584 

Ventilation losses -7090      

Heat recovery 7165      

Losses through envelope and 

thermal bridges -4628      

Energy through internal walls 

and masses 46      

Gains through windows and 

solar radiation 3745      

Gains through occupants 2322      

Sum 1484       
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The energy demand in IDA is calculated with 14026 kWh/year. The calculated demand in BECE 

is around 4500 kWh/year higher. The ventilation losses are around 7000 kWh/year in both 

programs. The heat recovery is calculated for every hour by the real temperature in IDA. In BECE 

it is only calculated with the heat recovery efficiency. The facility equipment in IDA is set by a 

fixed value. The AHU electricity is the electricity used for the fan. Both together are the buildings 

electricity. The heating demand is covered by electric heating units. The heating demand should 

be the same like the space heating in BECE. In both results the losses are considered. On the 

bottom of the table are the distribution for the different losses and gains in IDA. They are already 

considered in the total energy demand. The sum on the end of the table gives the total gains or 

losses from the envelope, thermal bridges, internal walls, masses, windows, radiation and 

occupants. 

The space heating is around 3700 kWh/year higher in BECE than in IDA.  

In that case the set temperature which the internal gains correspond to is 6,5 degrees in BECE. In 

the following the sensitivity of that value is examined.  

  



 

 39 

4.3.1.2 Sensitivity analysis 

The corresponding temperature for the internal gains is changed now. The results and the 

comparison with the results from IDA can be seen in Table 31.  

 

Table 31: Sensitivity analysis for the corresponding temperature for internal gains in BECE 

IDA     BECE 6,5 °C 8 °C 10 °C 12 °C 14 °C 

ENERGY 

DEMAND  
kWh/yr 

  
ENERGY 

DEMAND  
kWh/yr kWh/yr kWh/yr kWh/yr kWh/yr 

Equipment, facility 2500 
 

Space heating - 

transmission losses 
4727 4011 3056 2101 1146 

AHU electricity 956  Ventilation losses 7066 5996 4568 3141 1713 

Electric heating 909  Heat recovery -6642 -5636 -4294 -2952 -1610 

     Hot water energy use 4848 4848 4848 4848 4848 

Total, facility 

electric 
4365 

 
Total losses 9999 9219 8178 7137 6097 

     

Building electricity 

with savings 
4020 3800 3506 3213 2920 

Domestic hot water 4843 
 

User electricity with 

savings 
4565 4565 4565 4565 4565 

Equipment, tenant 4818 
 

Calculated 

electricity demand 
8585 8365 8071 7778 7485 

Grand total 14026   Total demand 18584 17583 16249 14915 13581 

Ventilation losses -7090              

Heat recovery 7165              

Losses through 

envelope and thermal 

bridges -4628              

Energy through 

internal walls and 

masses 46              

Gains through 

windows and solar 

radiation 3745              

Gains through 

occupants 2322              

Sum 1484               

 

With a higher corresponding temperature for the internal gains the space heating fits better to the 

results from IDA. For the following calculations it will be set to 6,5 °C. With the higher 

corresponding temperature the ventilation losses are too low. The simulation in IDA has a fixed 

added energy demand for the building electricity. This will be changed to 2000 W. The equipment 

electricity is also reduced to two units with 250 W. After the changes the results look like Table 

32. 
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Table 32: Comparison of the results after changes in IDA for model A 

IDA     BECE   

ENERGY DEMAND  kWh/yr   ENERGY DEMAND  kWh/yr 

Equipment, facility 2000 
 

Space heating - transmission 

losses 
4727 

AHU electricity 956  Ventilation losses 7066 

Electric heating 1044  Heat recovery -6642 

     Hot water energy use 4848 

Total, facility electric 4000  Total losses 9999 

     Building electricity with savings 4020 

Domestic hot water 4843 
 

User electricity with savings 4565 

Equipment, tenant 4380 
 

Calculated electricity demand 8585 

Grand total 13223   Total demand 18584 

Ventilation losses -6933      

Heat recovery 7163      

Losses through envelope and 

thermal bridges -4584      

Energy through internal walls 

and masses 41      

Gains through windows and 

solar radiation 3786      

Gains through occupants 2383      

Sum 1627       

 

The ventilation losses are the same in both programs. The space heating is higher in BECE. There 

is a difference of around 5000 kWh/year in the total demand. Reasons for that are the building 

electricity with more than around 1000 kWh/year and the heating with 3700 kWh/year.  
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4.3.2 Model B 

4.3.2.1 Comparison 

The results in IDA and BECE are compared like for model A. The following Table 33 shows the 

results. 

There is a big difference in the total demand of around 55000 kWh/year. The hot water 

consumption is the same. The heating demand in IDA is only 50% of the demand in BECE. Before 

changes in IDA are made, the sensitivity analysis will be done.  

 

Table 33: Comparison results IDA and BECE for model B 

IDA     BECE   

ENERGY DEMAND  kWh/yr   ENERGY DEMAND  kWh/yr 

Equipment, facility 2500 
 

Space heating - transmission 

losses 
40789 

AHU electricity 10852  Ventilation losses 79655 

Electric heating 19990  Heat recovery -47793 

     Hot water energy use 54649 

Total, facility electric 33342  Total losses 127299 

     Building electricity with savings 36511 

Domestic hot water 54881 
 

User electricity with savings 51456 

Equipment, tenant 60309 
 

Calculated electricity demand 87967 

Grand total 148532   Total demand 215267 

Ventilation losses -90634      

Heat recovery 73503      

Losses through envelope and 

thermal bridges -36176      

Energy through internal walls 

and masses -257      

Gains through windows and solar 

radiation 22806      

Gains through occupants 25192      

Sum 11565       
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4.3.2.2 Sensitivity analysis 

The results for the different corresponding temperatures for internal gains can be seen in Table 

34. 

 

Table 34: Sensitivity analysis for the corresponding temperature for internal gains in BECE 

IDA     BECE 4 °C 5 °C 6,5 °C 8 °C 10 °C 

ENERGY DEMAND  kWh/yr 
  

ENERGY 

DEMAND  
kWh/yr kWh/yr kWh/yr kWh/yr kWh/yr 

Equipment, facility 2500 
 

Space heating - 

transmission losses 
51089 46969 40789 34609 26368 

AHU electricity 10852  Ventilation losses 99770 91724 79655 67586 51494 

Electric heating 19990  Heat recovery -59862 -55034 -47793 -40552 -30897 

    
 

Hot water energy 

use 
54649 54649 54649 54649 54649 

Total, facility electric 33342  Total losses 145646 138307 127299 116292 101615 

     

Building electricity 

with savings 
38422 37658 36511 35365 33836 

Domestic hot water 54881 
 

User electricity with 

savings 
51456 51456 51456 51456 51456 

Equipment, tenant 60309 
 

Calculated 

electricity demand 
89878 89114 87967 86821 85292 

Grand total 148532   Total demand 235524 227421 215267 203112 186907 

Ventilation losses -90634              

Heat recovery 73503              

Losses through 

envelope and thermal 

bridges -36176              

Energy through 

internal walls and 

masses -257              

Gains through 

windows and solar 

radiation 22806              

Gains through 

occupants 25192              

Sum 11565               

 

The ventilation losses are the same at a corresponding temperature of 5 °C. The space heating is 

still too low in BECE. It is the same like in model A. For the following calculations a 

corresponding temperature for the internal gains of 5 °C is taken.   

The fixed building electricity will be increased to 25000 kWh/year. After the change the results 

looks like Table 35. 
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Table 35: Comparison of the results after changes in IDA for model B 

IDA     BECE   

ENERGY DEMAND  kWh/yr   ENERGY DEMAND  kWh/yr 

Equipment, facility 24999 
 

Space heating - transmission 

losses 
46969 

AHU electricity 10852  Ventilation losses 91724 

Electric heating 19986  Heat recovery -55034 

     Hot water energy use 54649 

Total, facility electric 55837  Total losses 138307 

     Building electricity with savings 37658 

Domestic hot water 54881 
 

User electricity with savings 51456 

Equipment, tenant 60309 
 

Calculated electricity demand 89114 

Grand total 171027   Total demand 227421 

Ventilation losses -90656      

Heat recovery 73499      

Losses through envelope and 

thermal bridges -36169      

Energy through internal walls 

and masses -228      

Gains through windows and 

solar radiation 22808      

Gains through occupants 25179      

Sum 11590       

 

The heating in BECE is more than the double of the heating in IDA. The ventilation losses are 

the same. The building electricity is now the same.  

 

In both models the space heating is too high in BECE. It seems that something is missing. For 

model B it is around 25000 kWh/year more in BECE than in IDA. This is the same like the gains 

through windows and solar radiation or occupants. In model A it is around 3700 kWh/year. The 

gains through windows and solar radiation are 3700 kWh/year and through occupants 

2400 kWh/year.   

The following changes of building future may give more clearness about the results.  

 

4.4 Changing of building features  

The models are now built and the first results can be seen. Now different changes will be made 

and the impact in the results will be considered.  
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4.4.1 Description 

There is a heat recovery in both models. In model A the efficiency is 94% and in model B 60%. 

For the first change it will be set to only 40 % in both models.  

The second change deals with the window size which has an impact of the space heating, due to 

the solar radiation through the windows. Two different cases will be analyzed, one with 50% and 

one with 200% window fraction.  

The window fraction in BECE is shown off in percent. The value can be changed easily. For the 

models in IDA all windows have to be changed. Model B looks with 50% and 200% window size 

like Figure 19. 

 

Figure 19: Model B with 50% and 200% window size 

 

In the third change the insulation is considered. It will be reduced to around 50%. Therefore, 

different parameters for the external walls, roof and foundation will be changed. This should lead 

to higher losses through the envelope. 

In model A the insulation EPS for the foundation is reduced by 50%. The thicknesses are changed 

from 70 to 35 mm and from 200 to 100 mm. For the roof the rock wool insulation is also reduced 

from 600 to 300 mm. The last change is in the external walls, the EPS is reduced from 246 to 

123 mm and the rock wool from 140 to 70mm.  

The EPS in the foundation will be reduced from 300 to 150 mm in model B. For the roof the rock 

wool will be changed from 110 to 55 mm. The last change is in the external wall. The rock wool 

will be set from 120 to 60 mm and the EPS from 100 to 50 mm.  

The new construction leads to a lower U-value. For BECE the corresponding temperature for 

internal gains has to be changed as well. The simulation and calculation will be made with the 

new construction.  
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4.4.2 Results 

The calculations will be made in BECE and the simulations in IDA. For model A the results can 

be seen in Table 36. On the left side are the results for IDA and on the right side the one for 

BECE. In the first column are the results for the simulation without changes.  The next four 

columns shows the new results.
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Table 36: Results after changes for model A 

IDA   change 1 change 2 change 3   BECE   change 1 change 2 change 3 

      50% 200%           50% 200%   

ENERGY DEMAND  kWh/yr kWh/yr kWh/yr kWh/yr kWh/yr   ENERGY DEMAND  kWh/yr kWh/yr kWh/yr kWh/yr kWh/yr 

Equipment, facility 2000 2000 2000 2000 2000 
  

Space heating - 

transmission losses 
4727 4727 3969 6243 6563 

AHU electricity 956 961 956 957 956   Ventilation losses 7066 7066 7066 7066 6353 

Electric heating 1044 3185 766 1622 1828   Heat recovery -6642 -2827 -6642 -6642 -5971 

              Hot water energy use 4848 4848 4848 4848 4848 

Total, facility electric 4000 6146 3722 4579 4784   Total losses 9999 13815 9241 11515 11792 

              

Building electricity with 

savings 4020 2780 4020 4020 3873 

Domestic hot water 4843 4843 4843 4843 4843 
  

User electricity with 

savings 
4565 4565 4565 4565 4565 

Equipment, tenant 4380 4380 4380 4380 4380 
  

Calculated electricity 

demand 
8585 7344 8585 8585 8438 

Grand total 13223 15369 12945 13802 14007   Total demand 18584 21159 17826 20100 20230 

Ventilation losses -6933 -9298 -5929 -8789 -6354               

Heat recovery 7163 4600 7155 7175 7156               

Losses through envelope 

and thermal bridges -4584 -4502 -4418 -4834 -6169               

Energy through internal 

walls and masses 41 40 9 91 36               

Gains through windows 

and solar radiation 3786 3853 2403 6348 3722               

Gains through occupants 2383 2458 2882 1359 2661               

Sum 1627 1849 876 2964 251               
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A change to the heat recovery efficiency leads to a smaller heat recovery and higher ventilation 

losses in IDA. The heat recovery reduces by 2500 kWh/year. The electric heating amount is rising 

due to the missing heat from the recovery. It increases by around 2100 kWh/year. Due to the 

lower recovery efficiency the internal gains by solar radiation and occupants are rising. The 

difference in IDA is around the 2100 kWh/year which is added in heating. 

In BECE the heat recovery is around 3800 kWh/year smaller after the change. There is no impact 

in the ventilation losses. The total amount increases by 2700 kWh/year. The building electricity 

decreases due to the energy demand for the recovery, which is calculated as 25% of the recovered 

heat. With the smaller efficiency and less recovery the building electricity decreases. 

The changing of the window size to smaller windows leads to a smaller electric heating in IDA. 

The heat recovery is still the same but the ventilation losses decrease around 1000 kWh/year. A 

big difference can be seen in the gains through windows and solar radiation this value decreases 

around 1400 kWh/year. The total energy demand is just 300 kWh/year smaller. In BECE the 

smaller windows get to lower space heating, the decrease is around 800 kWh/year. The smaller 

windows have a bigger impact in BECE than in IDA. 

If the windows are doubled, the heating demand will rise. The gains through windows and solar 

radiation increase around 2500 kWh/year. It is not the double as the decrease amount with smaller 

windows; a reason for that can be the orientation of the buildings and the windows set to the 

south. The ventilation losses increases in that case around 1900 kWh/year. This is more or less 

the double of the decrease with smaller windows. So the ventilation losses also depend on the 

window size. In BECE the space heating is increasing by around 1500 kWh/year. Compared to 

the smaller sized windows it is the double of the decrease.  

The total amount changes around 600 kWh/year in IDA and 1500 kWh/year in BECE.  

The last change in the wall construction shows a higher heating demand in BECE of around 

2600 kWh/year. This is the only value on which it has an impact. The corresponding temperature 

for internal gains is set to 7,5 °C. The ventilation losses are nearly the same.  

The differences between the total energy amounts after the changes can be seen in Figure 20. 
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Figure 20: Differences in the total energy demand in kWh/year for model A 

 

Each change in the programs has a bigger impact in BECE than in IDA. At least the amount is 

increasing and decreasing the same way in both programs.  

The same analysis is made for model B and the results can be seen in Table 37. 
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Table 37: Results after changes for model B 

IDA   change 1 change 2 change 3   BECE   change 1 change 2 change 3 

      50% 200%           50% 200%   

ENERGY DEMAND  kWh/yr kWh/yr  kWh/yr  kWh/yr  kWh/yr   ENERGY DEMAND  kWh/yr kWh/yr kWh/yr kWh/yr kWh/yr 

Equipment, facility 24999 24999 24999 24999 24999 
  

Space heating - 

transmission losses 
46969 46969 38347 64213 59713 

AHU electricity 10852 10890 10852 10851 10853   Ventilation losses 91724 91724 91724 91724 83678 

Electric heating 19986 37038 17148 25615 29293   Heat recovery -55034 -36690 -55034 -55034 -50207 

              Hot water energy use 54649 54649 54649 54649 54649 

Total, facility electric 55837 72927 52999 61465 65145   Total losses 138307 156652 129685 155551 147833 

              

Building electricity with 

savings 37658 31696 37658 37658 36893 

Domestic hot water 54881 54881 54881 54881 54881 
  

User electricity with 

savings 
51456 51456 51456 51456 51456 

Equipment, tenant 60309 60309 60309 60309 60309 
  

Calculated electricity 

demand 
89114 83152 89114 89114 88349 

Grand total 171027 188117 168189 176655 180335   Total demand 227421 239804 218799 244665 236183 

Ventilation losses -90656 -109811 -82671 -105728 -85912               

Heat recovery 73499 52352 73036 74321 72701               

Losses through envelope 

and thermal bridges -36169 -35481 -37293 -32931 -53354               

Energy through internal 

walls and masses -228 -245 -180 -243 -172               

Gains through windows 

and solar radiation 22808 23480 14507 37392 23407               

Gains through occupants 25179 25907 29192 17284 27552               

Sum 11590 13662 6226 21501 -2568               
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The lower heat recovery efficiency leads also to lower energy of heat recovery and higher electric 

heating in IDA. The electric heating rises around 17000 kWh/year. The heat recovery decreases around 

21000 kWh/year in IDA and 18000 kWh/year in BECE. The building electricity in BECE decreases 

around 6000 kWh/year. The total demand will be considered in a diagram later. 

The change to smaller windows leads to ventilation losses in IDA around 8000 kWh/year as well as the 

gains through windows and solar radiation which decreases by the same value. Due to the lower 

ventilation losses, the electric heating demand also decreases around 2000 kWh/year. In BECE only the 

space heating and transmission losses decrease around 9000 kWh/year.  

The bigger windows lead to higher ventilation losses and to higher electric heating. The gains through 

windows and solar radiation are increasing as well around 15000 kWh/year as well as the ventilation 

losses. Due to the higher losses the heating amount rises around 5000 kWh/year. In BECE the space 

heating amount growths by 17000 kWh/year. 

The worse insulation in change 3 indicates higher losses through the envelope and thermal bridges in 

IDA; they rise around 17000 kWh/year. This leads to a higher heating demand and a rise around 

10000 kWh/year in the electric heating. The corresponding temperature for internal gains is set to 6 °C 

now. This leads to similar ventilation losses in both programs. 

 

The differences by the changes in the total energy demand in both programs can be seen in Figure 21. 

The differences in BECE each time are bigger than in IDA except for change 1. The heat recovery 

efficiency is 20% lower than before. In BECE this only leads to an increase of about 12000 kWh/year 

and in IDA it is 17000 kWh/year more. The different window sizes only changes the total demand in 

IDA around 2800 and 5600 kWh/year. In BECE the changes of the windows lead to exactly double in 

the differences of the energy demand. The last change shows a similar increase of the energy demand 

in both programs. The corresponding temperature for internal gains in BECE is increased by 1 °C for 

both cases.  

The results show at least a right behavior of BECE. It does not give exactly the same results like IDA 

but it reveals the increases or decreases in the total demand. 
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Figure 21: Differences in the total energy demand in kWh/year for model B 
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5 Discussion 

The first calculation respectively simulates for both models to show different total energy demands. 

With the help of the sensitivity analysis the corresponding temperature for internal gains in BECE should 

be adapted. The problem at this point is, that the ventilation losses decrease due to a higher 

corresponding temperature. In BECE the heat recovery is calculated by the ventilation losses, so the 

energy from the heat recovery also decreases. This leads to a higher heating demand. Compared to the 

results from IDA it is impossible to achieve the same ventilation losses and heating demand only by 

changing the corresponding temperature for internal gains in BECE. The building electricity is also 

depending on that value.  

For the followed calculation the same ventilation losses in both programs are taken. This is achieved by 

a corresponding temperature for internal gains of 6,5 °C for model A and 5 °C for model B.  

The first change of the heat recovery rate shows the complexity of IDA. The ventilation losses are 

changing as well. In BECE only the energy from the heat recovery is changing which is calculated by 

the losses. This point should be fixed. Another big problem is, that in IDA the energy from the heat 

recovery is calculated for every hour by the particular temperature. This is one of the differences between 

both programs. The calculation for the ventilation losses in BECE is highly simplified. The first two 

changes of the building features affect the ventilation losses in IDA in contrast to BECE where they do 

not have any effects. In IDA the different losses in the ventilation do not have an influence to the heat 

recovery. This seems to be a weak point in BECE. The heat recovery should possibly be calculated by 

the outside and indoor temperature. 

The second changes which is made, has only an impact on the space heating and transmission losses in 

BECE in contrast to IDA where the ventilation losses are changing and the heating demand. The 

different window size would lead probably to the same results in BECE like in IDA if the ventilation 

losses are right. The decrease and increase of the total amount in both programs double. There is also 

the possibility that the internal gains through windows and solar radiation are not well calculated in 

BECE. Maybe there increase and decrease due to different window sizes are too big. 

For the third change the corresponding temperature for internal gains has to be adapted. In this case it is 

increased by 1 °C, which seems to be working in both models.  

A reason for the higher total energy amount in model B can be the equipment. The heating by the 

equipment lead to a lower electric heating and a smaller total amount.  

Very different results in both programs conclude that the ventilation losses have a highly impact on the 

corresponding temperature for internal gains in BECE. A way to determine it have to be found. 
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6 Conclusion 

With some improvements BECE will be a good program to get a fast overview over the total energy 

demand of buildings. The user interface is quite simple and there is not more input data needed than in 

IDA. Whereas in IDA the simulation has to be run again for every change, the calculation in BECE is 

made immediately. For both models used in this thesis the simulation time was acceptable, like for the 

multi-family house took around 30 min. IDA is not as simple as BECE and more parameters have to be 

set.  

In my opinion BECE can be a program for everyone who wants to get a broad outline over the energy 

demand of a building. No special knowledge is needed to use the program.   

BECE gives an outline over the energy demand of residential buildings and offices. The program will 

be expanded to BECEREN. With this program buildings can be considered which are already built and 

might be renovated. The program will show what changes can be made and what impact those changes 

will have on the total energy demand. It will also give an overview for the expected costs and the payoff 

time. 

 

The increasing energy consumption all over the world concerns everyone. We should start thinking 

about our daily energy use and what we can do to save energy. This program can be a step in the right 

direction at least if we think about the energy used for buildings. Starting to think about the energy 

demand in the early design phase will be pay off later. The program can be used by everyone who wants 

to decrease his/her energy demand which will be good for our environment and to save money.  
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Appendices 

Appendix A: Drawings and information for model A 
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Appendix B: Drawings and information for model B 
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