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Abstract 
 

This project consists on the Energy audit carried out on a 
residential building in Skutskär, property of the company Älvkarlebyhus, which 
is placed in the Älvkarleby municipality, belonging to Uppsala County in 
Sweden. The aim of the Energy audit is to obtain how much Energy is used, 
when is it used and how is it used. As well as the costs of the Energy use. The 
aim of the Energy audit also consists in reduces the Energy use applying 
efficiency measures.  

The audit carried out consist on identifying the heat losses and heat 
gains of the building, thus establishing an Energy balance that will reflect the 
Energy state of the building and finally propose some efficiency measures that 
could be applied. With this purpose, a strong method was developed in order to 
obtain as accurate results as possible. This method studies separately each 
component of the balance in order to get a better approach. The idea when 
working and present the results is to manage all the information in an easy way 
and present it in an easily understandable way for everyone, thus was used a 
spreadsheet. 

The expected results have been achieved; the difference between 
the heat losses and gains is of 0 MWh, which represents the balance 0 and all 
the values obtained are according to the experience values, which achieve the 
expected results. 

The total heat gain of the balance accounts for 1575,23 MWh. It is 
compounded by the District heating consumption which accounts 742,22 MWh 
that represents the 47 % of the heat gain and by the free heating which 
accounts for 832,79 MWh that represents the 53 %. The free heating is 
compounded by solar radiation which accounts for 643,36 MWh representing 
41 % and for Internal heating which accounts for 189,43 MWh that represents 
12 %. 

The total heat loss of the balance accounts for 1575,23 MWh. It is 
compounded by transmission losses which accounts for 875,46 MWh that 
represents 56 %, mechanical ventilation which accounts for 369,89 MWh that 
represents the 23 %, natural ventilation which account for 182,88 MWh that 
represents 12 % and hot tap water which account for 147 and represents 9 %. 

The efficiency measures will improve the Energy use in the 
buildings; especially in the cases were the Energy usage is too high, as in the 
case of transmission losses. Thus, the efficiency measures will be proposed 
mainly to alleviate the high values but also to improve other inefficient uses of 
the Energy.  

There are some efficiency measures proposed for every 
component of the balance and there is also some recommendation for the 
company in order to implement the most attractive ones, taking into account its 
profitability. These measures are only proposed and not studied deeply 
because of the main limitation of this thesis. Therefore, it is recommended to 
continue the study in order to examine and analyse deeply each measure, 
according to the energetic survey already done. 

 
Key words: energy audit, energy efficiency, sustainability, money savings.  
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1. Introduction 

1.1. Description 

 This project consists in an Energy audit carried out on a residential 
building in Skutskär property of the company Älvkarlebyhus. This project was 
carried out as the thesis of the master programme in Energy systems of the 
University of Gävle during second semester of 2016. The study includes the 
entire development of the Energy audit, from taking measures to present the 
report. The audit carried out consist in identifying the heat losses and heat 
gains in the building, establishing thus an Energy balance that will reflect the 
Energy state of the building. Thus, some efficiency measures will be set out in 
order to reduce the Energy use. 

During the execution of the thesis were created a lot of questions to 
answer, as for instance: 

 Would be possible to increase the temperature from the income air of the 
ventilation system in order to reduce the heat losses? Would it be 
profitable?  

 Would be possible to reduce the heat losses installing new type of 
windows? And improving insulation in the building? 

 Would be possible to raise awareness in energy efficiency consumption 
to the people living in the building?  

 Would be possible to implement efficiency measures with zero 
investment cost?  

 Would be possible with this thesis to improve the construction process of 
new buildings?  

In this thesis will be answered this questions as well as some others that 
were appearing during the study of the building and the data obtained. 

1.2. Background 

1.2.1. World Energy Outlook 

 The Energy is the driving force of the world, thus is one of the main 
indicators of growth. The Energy consumption is growing since the industrial 
revolution, as it is shown in the figure 2. It is mainly due to the constant increase 
of the population worldwide as well as to the increase of the industry and the 
transport, as shown in the figure 1. 
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Figure 1. Growth in world population, world energy production and average energy production per 

capita. Source: [20] 

Also is growing the mix of technology covering the demand, as it is 
shown in the figure 2. In the beginning there were only two types of Energy, 
coal and traditional biomass while nowadays there are more than 8 different 
types, as natural gas, nuclear power, hydropower, wind power and so on. This 
fact is due to the improvement of technology as well as the global 
consciousness-raising about the contaminating emissions, as it is possible to 
appreciate in the figure 1 as the growth of the renewable energies, and due to 
the growth of the price of the oil. In contrast and according to the International 
Energy Agency, the implementation of renewables and energy efficiency is too 
slow but successful. Due to the higher costs of the renewable plants and the 
policy, because a redesign of the market is needed, and some other factors 
according to the International Energy Agency. 
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Figure 2. Worldwide Energy consumption since 1900. Source: Deutsche Shell. 

 According to the prediction, the rate of growth will continue increasing, as 
it is shown in the figure 2, besides the slight decrease of the past years due to 
the economic crisis worldwide. This rate of growth is different nowadays and will 
be different as well in the future for some countries as for instance China, as it 
is shown in the figure 3. It is due to the economic transformation on it. 

 
Figure 3. Energy use of some countries, which account for 72 % of the world´s Energy use. Source: 

[20] 
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 Regarding the different Energy consumption by source, it is possible to 
see in the figure 4 the different use according to each region of the world. The 
main fossil fuels used nowadays are, as shown, oil, coal and natural gas. The 
fossil fuels accounts in the total world energy consumption as 82 % [9], as it is 
shown in the figure 5. So, it is possible to say that the world depends on fossil 
fuels, while renewables are growing and nuclear power is maintained. 

 
Figure 4. Regional consumption pattern 2014. Source: [7]. 

 
Figure 5. Primary Energy Consumption Estimates by Source, Selected Years, 2011. Source: [9]. 

 Regarding to renewable Energy, it is constantly increasing and in all 
regions, but with different speed. Europe had between 2010-2012 the highest 
increase, as it is shown in the figure 6, with 4,5 % followed by China with 4,1 % 
[18]. 
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Figure 6. World supply of renewable energy by region. Source: [18]. 

1.2.2. Energy use in Sweden 

 Sweden has a really different value of Energy supply in comparison 
between the rests of the world. The fossil fuels use accounts for 30 % of the 
total compared with the 82 % of the rest of the world, according to the 
International Energy Agency. As it is shown in the figure 7, the renewables 
energies and the nuclear power takes a big part in the Swedish Energy supply. 

 
Figure 7. Total energy supply by energy commodity. Source: [18]. 
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 The total final use of Energy is decreasing in Sweden, as it is shown in 
the figure 8, in all sectors. It is due, in the case of the industrial sector to the 
energy efficiency improvements, while in the case of residential and services 
sector it is due to several structural changes, according to [9]. 

 
Figure 8. Total Energy use. Source: [9]. 

 The building sector, which is the case of study, accounts in the EU and 
also in Sweden for about 40 % of the final Energy use [15]. The aim in the 
building sector in Sweden is to reduce Energy use by 20 % by 2020 and 50 % 
by 2050, according to [15]. So, it is necessary to introduce Energy efficiency 
measures in this sector, because most of the buildings constructed in the past 
years (1960s-1970s) present a poor Energy performance, due to a bad 
construction process [15]. Thus, the Energy use in the sector is decreasing from 
some years ago, as it is shown in the figure 9. 

 
Figure 9. Energy consumption in the sector 1971-2013. Source: [18] 
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1.2.3. Energy audit 

 Energy auditing consists in the Energy analysis of a building or an 
industry, in order to know how the Energy is used on it. The Energy auditing 
considers all different types of Energy coming in and out. The Energy audit 
consists also in identifying if there is some efficiency measure that could reduce 
the Energy use. 
 With an Energy audit the aim is to obtain how much Energy is used, 
when is it used and how is it used. As well as how much costs the Energy use. 
The Energy audit aim also consists in reduces the Energy use applying 
efficiency measures and studies its profitability and how they could alter the 
system. In Energy auditing process there are four basic steps, according to [6]:  
 

Knowledge of the energy consumption profile of the investigated system, 
identification of possible measures to reduce consumption, evaluation of these 
measures on a cost/benefit basis and the process of reporting on the completed 
work [6]. 

 
But can include some other steps, as it the case of the Green Energy 

Audit, which includes a new objective with the energy auditing. Besides the 
main objective of improve the energy utilisation in the building, introduces the 
objective of identifying measures that improve the sustainability of the building 
[6]. 

1.3. Objective and limitations 

There are two main objectives in this thesis, the energetic study of the 
building and the improvement of the Energy utilisation on it. 

With the energetic study would be characterised the Energy utilisation on 
the building. The different components of the balance would be studied 
separately in order to obtain a better approach. This energetic study form the 
basis of the efficiency measures, it will be useful for identifying the processes 
with a huge and/or abnormal consumption, resolve it and for settle the saving 
potentials.  
 The improvement of the Energy utilisation consists in the analysis of the 
energy use of the building, with the aim of decreasing it and improving its 
usage. The aim is to implement efficiency measures that work with the last idea.  
The idea is to implement efficiency measures in two different ways. On one 
hand, efficiency measures that through new technology can reduce the Energy 
use on the building and on the other hand, efficiency measures that with a 
better Energy behavior decrease the Energy use on the building. 
 With the efficiency measures, this thesis will go beyond the money 
savings. This thesis would try besides the energy savings, to obtain the lowest 
investment cost as possible, as well as trying to contribute with a sustainable 
development with the efficiency measures.  
 There are two main limitations in this thesis, the short time to carry out it 
and the problem with the data. 
 The main limitation is the time available to carry out, which is less than 
two months. This thesis will start to run in the first of April and will finish first of 
June. This short available time influence the study, which will be shorter than 
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expected. Because there are no much time to go deeply in the energy utilisation 
and to propose and analyse many efficiency measures. 
 The problem with the data is related with the measures that are 
necessary to take, to carry out the study. There are two main reasons, the short 
time to take it and the necessary equipment to take it.  

1.4. Building information 

 The building case of study is placed in Skutskär and it is a residence for 
the elderly, also for people with problems and people with handicaps. It is 
property of the company Älvkarlebyhus. 

 
Figure 10. Building from the main street. 

1.4.1. Location 

 Skutskär is placed in the Älvkarleby municipality, which belongs to 
Uppsala County in Sweden. Uppsala County with a population of 354.164 
inhabitants, is the third biggest county in Sweden with a total population of 
9.851.017 inhabitants (2015) according to SCB (Statistics Sweden). Skutskär 
has a population around 6000 inhabitants. 
 Skutskär is placed in the central region of Sweden, in the East part 
bathed by the Baltic Sea. It is placed near Gävle (19,2 km) and Uppsala (94 
km), and 161 km from the capital of Sweden, Stockholm; as it is possible to 
appreciate in the figure 11. 
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Figure 11. Location of Skutskär in Sweden. Source: Google maps. 

1.4.2. Company 

 Älvkarlebyhus is a housing company placed in the locality of Skutskär. It 
was established in 1949, and it is a limited company since 1997. The 
Municipality of Älvkarleby owns it and they manage more than 1000 
apartments. The offices are placed in Skutskär and they are close to the 
building case of study (100 m). 

 
Figure 12. Logo of the company. Source: Älvkarlebyhus. 

1.4.3. Composition 

 Four different buildings and 5 corridors, which connect them, compose 
the building, as it is possible to observe in the figure 4 and also in the annex, 
drawing 1. 

Skutskär 
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Figure 13. Different buildings and corridors that compose the buildings. Source: Google maps. 

 Each building is called as a letter in the drawings and has different 
functions, as shortly explained next: 

 Building E: it is composed by 17 rooms, one small office and one place 
for park the bikes. The wall of this building is composed by gypsum, 
insulation and bricks and the roof by plaster, insulation, wood and 
rubber. It is possible to consult the drawing 2 in the annex. 

 Building C: it is composed by 18 rooms. The wall of this building is 
composed by gypsum, insulation and bricks and the roof by plaster, 
insulation, wood and rubber. It is possible to consult the drawing 3 in the 
annex. 

 Building D: it is composed by 18 rooms. The wall of this building is 
composed by gypsum, insulation and bricks and the roof by plaster, 
insulation, wood and rubber. Building D is the same as building C, with 
the only difference of the connection with the corridor. It is possible to 
consult the drawing 4 in the annex. 
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 Building T: this building is a place to stay for the people with handicaps. 
They stay in this building doing some activities during the day. There is a 
big room when they carry out the most of the activities, and also there is 
a small kitchen. The wall of this building is composed by gypsum, 
insulation and bricks and the roof is composed by plaster, insulation and 
metallic surface. It is possible to consult the drawing 5 in the annex. 

 Building U: this building is the living room and also the place for some 
other activities. In this room all the people of the building meet for doing 
all the meals of the day. It is the most occupied building of the whole 
building. The wall of this building is composed by gypsum, insulation and 
bricks and the roof is composed by plaster, insulation and metallic 
surface. There is a big window on the roof. It is possible to consult the 
drawing 6 in the annex. 

 Building V: this building is the main entrance and also it is the place for 
having café and for entertainment, with billiard, ping-pong and so on. The 
wall of this building is composed by gypsum, insulation and bricks and 
the roof is composed by plaster, insulation and metallic surface. It is 
possible to consult the drawing 6 in the annex. 

 Building F: it is composed by 13 rooms, and only one of it is placed in the 
first floor. It is because in the first floor is also located the main kitchen of 
the building and an office. It is possible to consult the drawing 6 and 7 in 
the annex. 

 Corridors Ci: there are 5 corridors, as it was said, which connects each 
building. The corridors are only crossing points. Their walls are 
composed by gypsum, insulation and wood and the roof is composed by 
plaster, insulation and metallic surface. It is possible to consult it in the 
annex drawings 1, 5 and 6. 

1.5. Value of the research 

 This study is valid for the company Älvkarlebyhus, which is the owner of 
the building case of study. This study will be valuable for knowing how the 
Energy is used in the building and also for implement some Energy efficiency 
measures that will permit to obtain Energy savings, as well as money savings. 
Also it will be valuable for the company in order to start new construction 
process, to implement the Energy efficiency measures from the starting point. 
 But this study is also valuable for those who want to start an Energy 
study of its own building, this study will serve as a basis. Also it will be useful for 
those who want to reduce the Energy use in their buildings, the study will 
propose some measures applicable. 

1.6. Ethical considerations 

The efficiency measures allow decreasing the energy consumption. This 
fact has two consequences. On one hand, the money savings and on the other 
hand the CO2 savings. This supposes a problem in order to choose the 
efficiency measure to install. Choosing the one that allows the most high money 
savings or the one that allow money saving as well as CO2 savings.  
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Nowadays, the majority of the companies are only interested in obtaining 
the high money savings as possible without considering the CO2 savings. This 
fact produces the global warming, that nowadays is a reality. In this case is 
when the ethical considerations are more important. The idea is making the 
company to contribute to a sustainable development, not only money savings. 
Because is not all about the money. 

With this ethical considerations, may be possible that the company 
obtain less money savings than possible, but it will contribute to a sustainable 
development. This fact is also profitable to the company. Nowadays, this fact is 
really “fashionable” and it will contribute to the image of the company. 
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2. Theory 

2.1. General aspects 

 In this section will be expounded on shortly, some theories which are 
necessary to back up the Project. 

2.1.1. The Sun 

 The sun is a spherical star of 1,39·109 meters of diameter, it has an 
internal temperature over 20·106 ºK and 6000 ºK on the surface. 
 As it is known, the Earth revolves around the sun and also rotates on its 
own axis. For complete the first movement it takes one year and for complete 
the second one it takes one day. It should be noted that the Earth moves 
around the sun in an elliptical movement in which the Sun is not placed in the 
center of the ellipse. As well as, the axis of the Earth is not perpendicular to the 
plane of the ellipse. It is inclined 23,45º. This aspect cause the seasons of the 
year, because the trajectory of the sun around the Earth (placing the reference 
system on the Earth) is changing each day of the year, as it is possible to see in 
the figure 14. Thus, the direction of the rays of sunlight impacting on the Earth 
is different in each latitude, as it is possible to see in the figure 15. 

 
Figure 14. The change of the sun’s trajectory during the year. Source: Ulum. 

Figure 15. The difference between the directions of the rays of sunlight due to the inclination of the 
Earth axis. Source: CSIC. 
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2.1.2. Heat transfer 

 There are three different methods of heat transfer: conduction, 
convection and radiation.  

2.1.2.1. Conduction 

 According to Fourier’s law, the amount of heat transferred to an 
isothermal object in an instant is proportional to the temperature gradient. The 
direction of the heat transmission is from the highest temperature to the lowest 
temperature. It is expressed in the next equation. 

𝑞´´ = −𝑘∇𝑇 
 In this equation k is the constant of proportionality, called as conductivity. 
The conductivity depends on the temperature, chemical composition and 
density of the solid material. 
 The heat transmission takes place until the heat balance, and then the 
temperature gradient is zero because both objects will have the same 
temperature. The heat transmission through conduction takes place in the solid 
objects because of the vibration movement of the structure and because of the 
movement of the free electrons [19]. Also it takes place in liquids and gas, but 
for considering conduction in liquids and gas is necessary to disregard their 
movement [19]. 

2.1.2.2. Convection 

 The heat transmission through convection takes place when a fluid is 
moving through a solid object in repose. The heat amount is proportional to the 
difference of temperature of the fluid and the object, the exchange surface, the 
time and to the coefficient of transmission, according to Newton’s law of cooling, 
which is expressed in the next equation. 

𝑞 = 𝑆 · ℎ · (𝑇𝑓 − 𝑇𝑜) 

There are two different types of convection depending on the cause of 
the movement, natural or forced.  

 The natural convection takes place when there are not external 
forces causing the movement. The heat transfer is due to a 
density gradient. 

 The forced convection takes place when the movement of the fluid 
is caused from external forces. 

The heat transfer through convection is due to two effects; conduction 
through the fluid and the objects surface (according to viscous forces the part of 
the fluid in contact with an object in repos hasn’t speed) and the movement of 
the particles of the fluid [19]. 

2.1.2.3. Radiation 

 This method is completely different from other two. As it was said, for 
heat transmission through convection or conduction was needed the movement 
or interaction of matter, but not in the case of radiation. The heat transmission 
through radiation takes place due to the electromagnetic waves [19]. All objects 
upper than 0 ºK temperature emits heat to the space, according to Prevost’s 
law. 
 The heat emitted from the object depends on its temperature; it is directly 
proportional to its temperature raised to the fourth power, which is expressed in 
the next equation. 
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𝑞 = 𝑘 · 𝑇4 
 In this case, and contrary to convection and conduction, the heat 
direction can be from the lowest temperature to the highest temperature, 
according to Prevost’s law, as it was said [19]. 

2.1.3. District heating system (DHS) 

 District heating is a “utility energy service based on provision of heat to 
remote customers (connected to system via heating substations) from available 
heat sources.” [11]. DHS uses water, which is heated in a central plant and 
distributed through the pipe system to the customers. The DHS central plants 
are huge plants, as thermal power generation, waste incineration or industrial 
plants. These plants are easily adaptable to different fuels, always low-carbon 
fuels, as:  biomass, solar, geothermal energy, waste and cold sea water [18], as 
it is possible to see in the figure 16. The renewable fuels have an increasing 
rate in front of the fossil fuels, as shown in the figure 16. 

 
Figure 16. Fuels used for DHS 1971-2013. Source: [18]. 

 The main advantage of the DHS is its highest efficiency in comparison 
with individual heating system (savings energy up to 30%) [14], [16]. But there 
are more benefits, as “cost-effective, less CO2 emissions and compatible in 
terms of environment” [14]. As well as the possibility of combine power 
production or industrial production with heat production [8].  
 The central plants for DHS have high investment costs and low operating 
costs [7], what means that they need a huge and constant demand for being 
profitable. This possibility is profitable in places were a huge demand of heat is 
needed as for instance countries with cold weather, as it is Sweden. But this 
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possibility is difficult to be profitable in places as Spain, where the weather is 
warmer and the heat demand is only placed in some months of the year. That is 
the reason because DHS accounts for 58 % of the total energy use in dwelling 
and non-residential premises in Sweden [18], as it is possible to see in the 
figure 17. 
 It should be pointed out that the DHS for heating is only switched on from 
half September to half May, it is switched off during the summer time except for 
the hot tap water. 

 
Figure 17. DHS consumption from 1971-2013. Source: [18]. 

2.1.4. Ground’s temperature 

 As it is known, there is heat in the center of the Earth due to: 

 Disintegration of radioactive isotopes: U-235, U-238, To-282 and 
K40, present in the Earth’s crust. 

 Heat freed during the formation of the planet, 4500 years ago. 

 Movements of tectonic plates. 

 Crystallization of the nucleus. 
This heat causes the increase of the temperature with the depth in the 

ground, with an average of 25 ºC/km (starting from the surface of the Earth) 
according to [12]. It is possible to appreciate it in the figure 18. Also, it is 
possible to calculate it by some models, at is explained deeply in [3]. 

 
Figure 18. Change of the temperature of the ground with the depth. Source: European Geothermal 

Energy Council. 
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 These effects should be taken in consideration when the profundity is 
huge. But reduced profundities (1,2,3…10 meters) depend mainly on the 
behavior of the surface: solar radiation, rain and other atmospheric effects. 
These effects affect only to the ground near the surface (0-10 meters), as it was 
said. Thus, the temperature is changing during the year, according to weather 
outside, as it is possible to appreciate in the figure 19.  

 
Figure 19. Changing of the surface ground’s temperature with the outside conditions. Source: 

European Geothermal Energy Council. 

As it is possible to appreciate in the figure 19, the temperature of the 
ground is quite similar (0-5 ºC more) to the average temperature outside. As 
well, it is possible to appreciate how the temperature from 10 meters depth is 
maintained constant. For more detail observe the figure 20. This effect is due to 
the grounds, which behave as isolation.  

Figure 20. Changing of the temperature with the depth for reduced profundities. Source: European 
Geothermal Energy Council. 
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2.1.5. Thermal imaging camera 

 The thermal imaging camera converts the invisible infrared light in a 
visible image [1]. These cameras measure the radiation emitted by the object 
measured due to their thermal state, also the radiation reflexed on that object 
but this aspect would be removed. So, the images taken from these cameras 
are images from the intensity of radiation not images of temperatures.   
 The equation used from these cameras for presenting the results is 
presented next: 

𝐽 = 𝜎 · 𝜀 · 𝑇4 + 𝜎 · 𝜌 · 𝑇4
𝑟𝑒𝑓𝑙 (1) 

𝜏 + 𝜌 + 𝛼 = 1 (2) 
𝜀 + 𝜌 = 1 (3) 

𝐽 = 𝜎 · 𝜀 · 𝑇4 + 𝜎 · (1 − 𝜀) · 𝑇4
𝑟𝑒𝑓𝑙 (4) 

The first part of (1) (𝜎 · 𝜀 · 𝑇4) corresponds to Stefan-Boltzmann law for 
real objects [19]. It corresponds to the emitted radiation from the object 

measured, being 𝜎 the Stefan-Boltzmann constant, 𝜀 the emissivity of the object 
and T is the temperature of the object measured. 

The second part of (1) ( 𝜎 · 𝜌 · 𝑇4
𝑟𝑒𝑓𝑙 ) corresponds to the reflexed 

radiation on the object measured, being 𝜎 the Stefan-Boltzmann constant, 𝜌 the 
reflectivity of the object and Trefl is the temperature of the objects reflexed on the 
object measured (is not the measured temperature on the environment). 

According to first law of thermodynamics the addition of the radiation 
absorbed, the radiation reflexed and the radiation transmitted must be equal to 
the incidental radiation [19]. Dividing all of these values for the incidental 

radiation is obtained the equation (1), where 𝜏 is the transmission coefficient, 𝜌 
is the reflection coefficient and 𝛼  is the absorption coefficient. Well, for an 
opaque object the transmission coefficient is zero and according to Kirchoff’s 
law, if an object is in thermal balance with the environment the radiation 
absorbed is equal to the radiation emitted, so the absorption coefficient is equal 
to the emissivity. As explained, the equation (2) is transformed in the equation 
(3) and finally is obtained the equation (4), which is the one used for the 
Thermal imaging cameras. 

There are two different methods for using the thermal imaging cameras, 
as next is described: 

 Qualitative: based on the analysis of thermal images for detect 
faults or anomalies. 

 Quantitative: based on the analysis of the thermal images in order 
to obtain the temperatures and determine the fault. The 
temperature is obtained from equation (4). 

Thus, there are a lot of applications of these cameras as for instance: 

 Industrial: maintenance of industrial systems, as for instance 
electric systems, mechanical systems, buildings… 

 Medicine: detect cancer cells, internal injuries… 

 Security: military, detections, illegal immigration… 

2.2. Energy balance 

 The energy balance comes from the firs law of thermodynamics. The first 
law of thermodynamics points out that the energy can never be created or 
destroyed, only converted. It is the law of conservation of Energy, which applies 
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for every system in the world. The total Energy of a system remains always 
constant, but the Energy can transform in another kind of Energy [19]. 
 It also applies in the case of buildings. The Energy balance in a building 
represents the flows of Energy between the building and its environment. This 
transfer of Energy is due to the different conditions between the building and 
the environment; both of them are exchanging Energy due to this aspect. Some 
examples of Energy exchange between the building and the environment are 
presented next: 

 Solar Energy: the sun is constantly coming into the building through the 
windows. It means that the Energy of the environment, of the sun, is 
coming into the building. 

 Thermal Energy: the building is heated inside from the DHS and due to 
the difference of temperature between inside and outside there is a 
transmission of heat through the envelopes of the building. The Energy 
comes out of the building to the environment through the envelopes. 

 Internal Energy: inside the building there are people and equipment that 
produces heat. The people emits heat through the three different 
methods described before, due to the inside production of heat from the 
metabolism of the people and the different conditions of the environment 
in contact with the people. The equipment uses different types of Energy 
for working and part of it is transformed in heat, which is transferred to 
the building. 

 Storage of Energy: the objects of the building are storing heat during the 
day as well as the envelope of the building is absorbing the solar Energy 
and then, emitting it with a delay of time. 

Then, the Energy balance in the building is expressed as gains and losses 
of heat. It is expressed as: 

𝐻𝑒𝑎𝑡 𝑔𝑎𝑖𝑛𝑠 = 𝐻𝑒𝑎𝑡 𝑙𝑜𝑠𝑠𝑒𝑠 
The compliance of the balance, of the equation, is really important. There 

are three different possible states: 

 (1) Heat gains < Heat losses. 

 (2) Heat gains > Heat losses. 

 (3) Heat gains = Heat losses. 
In the case of (1), there is more heat coming out than heat production 

inside, thus the temperature will decrease because the amount of heat inside is 
decreasing.  In the case of (2) there is more production of heat that heat coming 
out of the building, thus the temperature inside will increase because the 
amount of heat inside is increasing. In the case of (3), the temperature will 
remain constant because is the balance situation.  

Cases (1) and (2) will produce temperature changes, as it was said, and 
it will affect to the comfort on the building.  

It should be noted that the balance will be calculated excluding the 
summer time, because of the DHS for heating is switched off during this time, 
as it was said. 

2.3. Comfort 

 The Oxford dictionary of English defines the comfort as: “A state of 
physical ease and freedom from pain or constraint. Prosperity and the pleasant 
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lifestyle secured by it.” Referred to Energy and building comfort is understood 
as thermal comfort, which is a state of physical ease with the thermal 
environment of the place. According to ASHRAE, thermal sensation is 
exclusively influenced by four environmental factors (temperature, thermal 
radiation, humidity and air speed), and two personal factors (activity and 
clothing) [2]. 
 As it is known, the feelings of people are quite different depending on the 
sex, the age and so on, what means that the thermal feelings will be also 
different. So, for defining a standard of thermal comfort, according to ASHRAE, 
is necessary the acceptation of 80 % of the occupants or more of the feeling of 
thermal comfort [2]. Thus, is defined the situation of thermal comfort, as it is 
possible to see in the figure 21. 

 
Figure 21. Thermal comfort psychometric chart. Source: ASHRAE. 

 As it was described, it is necessary to maintain constant conditions as 
temperature, humidity and so on for the standard of thermal comfort. With this 
purpose is necessary to maintain constant the temperature and other conditions 
on the building, thus the importance of the Energy balance.  
 Another important aspect also related with the comfort is the ventilation. 
Numerous studies stand out the relation between outside air ventilation rates 
and reduce sick-building syndrome [17] and also the improvement of the work 
performance [21].  
 The ventilation system provides fresh air from outside and takes out the 
inside air full of CO2. The air coming inside from outside means a heat loss 
because of the huge difference of temperatures. A heat exchanger is used for 
trying to avoid this problem. The heat exchanger recuperates the heat from the 
air of inside and transfers it to the incoming air. Thus, the temperature of the 
incoming air is increased and the heat loss reduced. 
  



Ximo Masip Sanchis 
2016 

 
 

29 
 

3. Method 

3.1. Data management 

 The main idea is to manage all the information in an easy way and 
present it in an orderly and easily interpretable way. With this purpose was used 
a spreadsheet, Excel in this case. For accomplishing this purpose was created 
one document in which is stored all the relevant information in different sheets. 
Each sheet corresponds to a different part of the balance. Each sheet connects 
with the main sheet where is possible to visualize and analyse all the results. 

3.2. Calculation 

 The equation of the Energy balance, according to the theory, is: 
𝐻𝑒𝑎𝑡 𝑙𝑜𝑠𝑠𝑒𝑠 = 𝑄𝑣𝑒𝑛𝑡 + 𝑄𝑡𝑟𝑎𝑛 + 𝑄𝑖𝑛𝑓𝑖 + 𝑄ℎ𝑡𝑤𝑎 = 𝑄𝑖𝑛𝑡ℎ + 𝑄𝑟𝑎𝑑𝑖 + 𝑄𝐷𝐻𝑆 = 𝐻𝑒𝑎𝑡 𝑔𝑎𝑖𝑛 

 Below are presented, in detail, each different part of the balance. The 
calculation is orientated in all cases to obtain the total Energy use per year in 
the building, in Watts per hour (W/h). 

3.2.1. Ventilation 

In order to calculate the heat losses through the ventilation system, the 
most important thing is to measure the airflow. But before to start taking 
measures was necessary to plan the procedure.  

With this purpose the ventilation drawings of each building were needed 
and they were provided by the company. With the drawings was possible to 
identify the places were the ventilation system is located, and to identify if the 
air is coming in or coming out of the building. As well as to obtain the identifier 
of each zone of the building in order to obtain the theoretical airflow, calculated 
in the construction project. Obtained from the protocol books provided by the 
company. 

Once the plan was done, it was time to start taking measures. With this 
purpose was needed the measurement stuff, which was provided by SWECO 
through the supervisor Roland Forsberg, recently calibrated as it is shown in the 
annex figures 4, 5 and 6. The measurement stuff was composed by: 

 (1) Swemaflow 125D (Figure 1 Annex). 

 (2) TSI Accubalance 8380 (Figure 2 Annex). 

 (3) Velocicalc plus TSI 8360 (Figure 3 Annex). 
There were two types of measurement tools. The one that measures 

airflow speed in m/s, (3) and the ones that measure airflow in l/s, (1) and (2). 
The objective was to measure the airflow directly, in l/s, when it was possible as 
it is possible to see in figure 22. But in some cases was not possible to use (2) 
and (3), as it possible to see in figure 23. So, was necessary to measure the 
area of the pipe for obtaining the airflow, as it will be explained later.   
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Figure 22. Example of ventilation system in which was possible to measure the flow directly. 

Figure 23. Example of ventilation system in which was not possible to measure the flow directly. 

 In some cases it was necessary to measure directly from the pipe, with 
this purpose was necessary to make a hole in the pipe using a drill. For avoid 
perturbing the ventilation system after it, each hole was covered after 
measuring. 
 Once the measures were taken, was possible to calculate the heat 
losses. The next equation was used with that purpose: 

𝑄 (𝑊ℎ) = 𝜌 (
𝑘𝑔

𝑚3
) · 𝑞 (

𝑚3

𝑠
) · 𝐶𝑝  (

𝐽

𝑘𝑔 · ºC
) · (𝑇𝑖𝑛𝑠 (ºC) − 𝑇𝑜𝑢𝑡  (ºC)) · 𝑡 (ℎ𝑜𝑢𝑟) · (1 − 𝑒𝑓𝑓) 

Where: 

𝜌 (𝑘𝑔 𝑚3)⁄ : is the density of the air. The value used in this case is 1,2 kg/m
3 

for temperatures between 15-21 ºC according to table 1 in the annex. 

𝑞 (𝑚3 𝑠)⁄ : is the airflow measured. In case of measuring airflow the units 
should be converted to m3/s. In case of measuring speed, the flow will be 
obtained as following (is the reason because was necessary to measure the 
area of the pipes):  

𝑞 (𝑚3 𝑠) = 𝐴 (𝑚2) · 𝑣(𝑚 𝑠⁄ )⁄  
In the case of the apartments the flow was obtained from an experience 

value, 30 l/s per apartment, according to the supervisor Roland Forsberg. 
𝐶𝑝 (𝐽 𝑘𝑔 · ºC)⁄ : is the specific heat capacity of the air. The value used in 

this case will be 1000 𝐽 𝑘𝑔 · º𝐶⁄  for temperatures between 15-21 ºC according to 
table 1 in the annex. 

Tinside (ºC): is the temperature inside the building, which is maintained 
constant at 21ºC. 
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Toutside (ºC): it has a huge variability during the year. It was provided from 
the supervisor Roland Forsberg, an average for each month of the year. As it is 
possibly to see in the table 25 of the annex 

𝑡 (Hours): is the time, in hours, that the ventilation system is switched on. 
The ventilation system is switched on from 6 in the morning until 18 in the 
afternoon. 12 hours per day. It is known because the maintenance man 
confirmed it and it was checked. For apartments is considered that the system 
is working the whole day, according to the supervisor Roland Forsberg. 

𝑒𝑓𝑓: is the efficiency of the heat exchanger of the ventilation system. Of it 
depends the temperature of the air incoming from the heat exchanger to the 
building. As it is explained next. 

The most important value in this case is the temperature of the incoming 
air, of it depends almost the whole heat losses in this case. This temperature 
depends on various aspects: 

 Efficiency of the heat exchanger. It is a recuperative heat 
exchanger as a direct system. The efficiency of this type of heat 
exchangers is 0,55 according to the supervisor Roland Forsberg. 

 Temperature inside. As it was said, the temperature inside the 
building is maintained constant at 21 ºC. 

 Temperature outside. As it was said before, is used an average 
for each month. It presents a huge variability. 

From all these three aspects, only the temperature outside is not 
constant. So, it is obvious that the temperature of the incoming air won’t be 
constant. For obtaining this temperature will be used the equation of the heat 
exchangers efficiency: 

ℰ =
𝑄𝑡

𝑄𝑚𝑎𝑥
=

𝑚·𝐶𝑝·(𝑇𝑒𝑛𝑡−𝑇𝑜𝑢𝑡)

𝑚·𝐶𝑝·(𝑇𝑖𝑛𝑠−𝑇𝑜𝑢𝑡)
  [19] 

And operating with it, is possible to obtain the temperature of the 
incoming air: 

𝑇𝑒𝑛𝑡 = ℰ · (𝑇𝑖𝑛𝑠 − 𝑇𝑜𝑢𝑡) + 𝑇𝑜𝑢𝑡 

3.2.2. Radiation 

 First thing to do before proceeding to the calculation is to obtain the 
orientation of each façade of the building, for this purpose was used the table 
31 of the annex. The orientation is according to the figure 24. 
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Figure 24. Orientation of each facade of the buildings. Source: Google maps. 

 In order to obtain the solar radiation coming into the building the next 
equation was used: 

𝑄 (𝑊ℎ) = 𝑞 (
𝑊ℎ

𝑚2 · 𝑑𝑎𝑦
) · 𝑑 (

𝑑𝑎𝑦

𝑚𝑜𝑛𝑡ℎ
) · 𝐴 (𝑚2) · 𝐶𝑓 (%) · 𝑆𝑓 (%) · 𝐶𝑙𝑓 (%) 

Where: 

𝑞 (𝑘𝑊ℎ 𝑚2 · 𝑑𝑎𝑦)⁄ : this value represents the energy coming from the 
solar radiation per day of each month and per square meter. There is one 
different value for each orientation: North -180º, East -90º, South 0º and West 
90º; and also for horizontal windows. As well as, there is a value for each month 
of the year, as it is possible to see in the tables 26 and 27 of the annex. The 
values correspond in this case to window type 10, as it is possible to identify in 
the figure 25. The supervisor Roland Forsberg proportioned the table. 

 
Figure 25. Identification of window type. 
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𝑑 (𝑑𝑎𝑦 𝑚𝑜𝑛𝑡ℎ⁄ ) : is the number of days of each month. Not including 
June, July, August, half May and half September as it was said. 

𝐴 (𝑚2): is the glass area of the whole building. How was obtained will be 
explained next. 

𝐶𝑓 (%): is the calculation factor. This value depends on the type of the 

window. There is a value for each type of window, as it is possible to see in the 
table 28 of the annex. The supervisor Roland Forsberg proportioned the table. 

𝑆𝑓 (%): is the shadow factor. There are some glass areas covered partly 

by shadow due to the ledges, and for represent these shadows will be used this 
factor. As well as, there are some shadows over some buildings due to the 
other nearest building.  

𝐶𝑙𝑓 (%): is the cloudy factor. This factor represents the cloudy days per 

month. There is a different value for each month, as it is possible to see in the 
table 29 of the annex. The supervisor Roland Forsberg proportioned the table. 

For obtaining the area of the windows was necessary to measure height 
and width of each one. For making it easier were identified all of different types 
of window in the building, as it is possible to appreciate in the figure 26. And 
only were measured each different type, making before an inventory as it is 
possible to appreciate in table 1. 

Figure 26. Some of the different types of Windows in the buildings. 
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Table 1. Inventory of the different types of Windows in the buildings. 

 
 Once the total area was calculated, the glass area of each one was 
obtained applying a percentage to it. This percentage was obtained according 
to the table 30 of the annex. The supervisor Roland Forsberg proportioned the 
table. 

3.2.3. Transmission 

 In order to obtain the heat losses through transmission, there are some 
different cases to distinguish: 

 Walls: the heat transmission goes through the inside of the building to 
the outside air, through the walls of the building, through conduction 
transmission mainly, as it was explained in the theory section.  

 Windows: as well as the windows placed in the walls, is included the 
glazed in some parts of the roof (building U and V). 

 Floor: in this section will be distinguished 2 cases, the floor of the 
basement and the floor without basement. The reason is because the 
temperature of the ground changes with the depth, according to the 

Number Total area Percentage glass Area glass Calculation factor U-Value

1 1,19 75% 0,89 0,80 2,95

2 1,95 90% 1,76 0,80 2,95

3 3,20 75% 2,40 0,80 2,95

4 9,75 95% 9,26 0,80 2,95

5 1,43 95% 1,36 0,80 2,95

6 5,49 95% 5,22 0,80 2,95

7 5,02 80% 4,02 0,80 2,95

8 2,20 95% 2,09 0,80 2,95

9 - - - - -

10 3,87 95% 3,68 0,80 2,95

11 0,70 95% 0,66 0,72 1,95

12 8,05 75% 6,04 0,80 2,95

13 1,12 95% 1,07 0,80 2,95

14 6,21 90% 5,59 0,80 2,95

15 5,51 75% 4,13 0,80 2,95

16 0,36 95% 0,34 0,72 1,95

17 0,81 60% 0,48 0,80 2,95

18 - - - - -

19 0,49 95% 0,47 0,72 1,95

20 2,20 75% 1,65 0,80 2,95

21 - - - - -

22 2,25 25% 0,56 0,80 2,95

23 0,52 95% 0,49 0,80 2,95

24 18,88 95% 17,94 0,80 2,95

25 32,00 95% 30,40 0,80 2,95
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theory section. In the basement flow will be considered + 5 °C because 
of the ground, as explained in the theory section. 

 Basement walls: the transmission of the heat is completely different 
compared with the case of the walls. Because in this case the walls are 
in contact with the ground while in the other case them are in contact 
with the outside air. In this case is necessary to add to the outside 

temperature +5 º𝐶  because of the ground, as it was explained in the 
theory section. 

 Roof: in this section will be distinguished 3 different cases, because of 
the different composition of the floor, what affects to the heat 
transmission. 

o Option A: buildings E, C, D and F. The roof is composed of Plaster 
+ Insulation + Air wall cavity + Wood + Rubber. 

o Option B: corridors C1, C2, C3, C4 and C5. The roof is composed 
of Plaster + Insulation + Wood. 

o Option C: buildings T, U and V. The roof is composed of Plaster + 
Insulation + Metal. 

The equation for calculate the heat loss is: 

𝑄 (𝑊ℎ) =  𝑈 (
𝑊

𝑚2 · º𝐶
) · 𝐴 (𝑚2) · (𝑇𝑖𝑛𝑠 − 𝑇𝑜𝑢𝑡) ·  𝑡 (

ℎ𝑜𝑢𝑟𝑠

𝑦𝑒𝑎𝑟
) 

Where: 

 𝑈 (𝑊 𝑚2 · º𝐶⁄ ): is the U-Value, which is different for each case because 
of the different composition, as it will be explained later.  

 𝐴 (𝑚2) : the area was obtained from the drawings as it was said, 
distinguishing between the different cases: 

 Walls: the total area (including windows and doors) was calculated from 
the drawings; and then, the walls area was calculated taking away the 
area of the windows previously calculated (radiation section). The area 
was obtained distinguishing between different buildings and different 
orientations. 

 Windows: it was obtained in the previous section (radiation), as it was 
explained. In the same way as the walls, it was distinguished between 
different buildings and different orientations. 

 Floor: it was calculated measuring in the drawings and also comparing 
with the values provided in the drawings. 

 Roof: it was calculated as the same way as the floor but applying 
trigonometry in some cases because of the inclination of the roof. 

 Basement walls: the basement is completely the same as the buildings 
E, C, D and F excepting one case (in corridor C5). So, it was obtained 
partly from the walls measurement. 

𝑇𝑖𝑛𝑠 (º𝐶): As it was said, the temperature inside the building is maintained 
constant at 21 ºC. 

𝑇𝑜𝑢𝑡 (º𝐶): this temperature change during the year. As it was said before, 
and according to table 1 in the Annex. 

𝑡 (ℎ𝑜𝑢𝑟𝑠 𝑦𝑒𝑎𝑟⁄ ): is the total hours of a year. They were divided into months, 
excepting the summer months, as it was said.  

The U-Values are different depending on the composition according to the 
next equation: 
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𝑈 =
1

1

ℎ𝑖
+∑

𝑠𝑖
𝜆𝑖

+
1

ℎ𝑒

   [10] 

 For obtaining the different U-Values were considered the four different 
options according to [10]: 

1. Estimation based on data obtained by historical analysis of building or 
analogies with similar and coeval buildings using specific technical 
databases. 
2. Estimation based on the nominal design data. 
3.Estimation based on the actual data obtained by structure identification 
(sampling or endoscope method). 
4. In situ measurements using HFMs. 

  Because of the impossibility of doing an analysis in each case, the 
methods 3 and 4 were rejected. Also the method 2 was rejected because of the 
impossibility of obtaining the necessary data from the initial project. Then, the 
method used was method 1, which is “poorly accurate because of the lack of 
reliable data about thermal properties of the materials (e.g. thermal conductivity 
and density) and of the layers constituting the wall” [10]. But it was the only 
choice. With this purpose the U-Values were obtained according to the year of 
construction of the building (1985) and the zone where it was constructed (II), 
from the data provided by the supervisor Roland Forsberg (table 32 and 33 of 
the annex). Also, this values where checked according to [4]. 

Table 2. U-Values used for the calculation. 

 

3.2.4. Internal heating 

 As internal heating will be distinguished 3 different cases, which will be 
studied separately: internal heating coming from people, coming from the 
equipment and coming from the lighting. 

3.2.4.1. Internal heating coming from people 

 The equation used is: 

𝑄 (𝑊ℎ) = 𝑛 (𝑛𝑢𝑚 𝑝𝑒𝑟𝑠𝑜𝑛) · 𝑃 (
𝑊

𝑝𝑒𝑟𝑠𝑜𝑛
) · 𝑡 (

ℎ𝑜𝑢𝑟

𝑦𝑒𝑎𝑟
) 

Where:  

 𝑛 (𝑛𝑢𝑚 𝑝𝑒𝑟𝑠𝑜𝑛): is the people staying in the building. There are 130 
people living in the building and 40 working on it. 

 𝑃 (𝑊 𝑝𝑒𝑟𝑠𝑜𝑛⁄ ) : is the unitary power per people. It is necessary to 
distinguish between 2 cases. In the case of the people living on the residence it 
is 115 and in the case of the people working it is 160 [2]. The value is different 
because the activities are different. 

 𝑡 (ℎ𝑜𝑢𝑟 𝑦𝑒𝑎𝑟⁄ ): is the time that the people are staying in the building. As 
before, it is necessary to distinguish between 2 cases. The people living in the 
building, stays there the whole day and the people working there, stays there 
only the working time. It was considered a factor of 85 % for the people living in 
the building, because they are not all the time inside the building. The working 

time in Sweden is 1624 ℎ𝑜𝑢𝑟𝑠 𝑦𝑒𝑎𝑟⁄  according to the OCDE. 
 

Floor Basement floor Opt A (E, C, D, F) Opt B (C1, C2, C3, C4, C5) Opt C (T, V, U)

0,25 0,8 0,3 0,6 0,17 0,24 0,222

Walls Basement
Floor Roof
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3.2.4.2. Internal heating coming from equipment 

 The equation used is: 

𝑄 (𝑊ℎ) = 𝑃 (
𝑊

𝑚2
) · 𝐴 (𝑚2) · 𝑓𝑜𝑐 (%) · 𝑡 (

ℎ𝑜𝑢𝑟

𝑦𝑒𝑎𝑟
) 

Where:  

 𝐴 (𝑚2): is the total square meters of the building, calculated before. 

 𝑃 (𝑊 𝑚2⁄ ) : is the unitary power per square meter. It is 5 Watts per 
square meter in the case of a residence [2]. 

𝑓𝑜𝑐 (%): is the occupancy factor. As it is obvious, the buildings are not 
occupied the whole day, which means that the equipment is not switched on the 
whole day. So, this factor represents the occupancy of each building as 
described, distinguishing each building as following: 

 Building V: it is the entrance of the building, also is the entertainment 
zone and café zone. So, according to it the occupancy factor is in this 
case 60 %. 

 Building D, E and C: only dwellings, so the occupancy factor is 50 %. 

 Building T: this building is for the people with a disability. They are there 
the whole day, so the factor is 70 %. 

 Building U: is the dining room, and also the building for doing activities. 
So, the occupancy factor is 70 %. 

 Building F: in this building is placed the kitchen, offices and also 
dwellings. So, the occupancy factor is 70 %. 

 Corridors: only transit points through the different buildings, so the 
occupancy factor is 40 %. 

 𝑡 (ℎ𝑜𝑢𝑟 𝑦𝑒𝑎𝑟⁄ ) : the whole year excepting summer months, 5808 
hours/year 

3.2.4.3. Internal heating coming from the lighting 

The equation used is: 

𝑄 (𝑊ℎ) = 𝑃 (𝑊) · 𝑓𝑜𝑐  (%) · 𝑓ℎ𝑒𝑎𝑡(%) · 𝑡 (
ℎ𝑜𝑢𝑟

𝑦𝑒𝑎𝑟
) 

Where: 

𝑃 (𝑊): is the total power of the lighting, calculated for each building. In 
order to obtain it an inventory was made in each building, as it is possible to see 
in the table 3. 

𝑓𝑜𝑐 (%): the same case explained before, in the internal heating coming 
from the equipment. It was obtained according to the activities in each building, 
as before. 

𝑓ℎ𝑒𝑎𝑡(%): the bulbs transform only 10-15 % of the heat in light. 

𝑡 (ℎ𝑜𝑢𝑟 𝑦𝑒𝑎𝑟⁄ ) : the whole year excepting summer months, 5808 
hours/year 
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Table 3. Inventory of the lighting per building. 

3.2.5. Natural ventilation 

 The natural ventilation contribution was obtained as the subtraction of the 
rest of the values of the balance in order to obtain balance 0. The reason is 
because it is impossible to measure the natural ventilation, which includes the 
air coming in through the doors and windows opened and through the cracks in 
the building envelope.  

3.2.6. Hot tap water 

 The equation used is: 

𝑄 (𝑊ℎ) = 𝜌 (
𝑘𝑔

𝑚3
) · 𝑉 (𝑚3) · 𝐶𝑝 (

𝐽

𝑘𝑔 · º𝐶
) · ∆𝑇 (º𝐶) · 𝐶𝑓 (

𝑊ℎ

𝐽
) 

 Where: 

 𝜌 (𝑘𝑔 𝑚3)⁄ : is the density of the water. The value used in this case is 1000 

kg/m
3 according to table 2 in the annex. 

 𝑉 (𝑚3): is the hot tap water volume coming into the building per year. 
The total water consumption in the building is 7600 m3 per year. The hot tap 
water consumption was not possible to obtain because there are not data from 
the building. Thus, was necessary to assume one value from the experience. 
According to the supervisor Roland Forsberg and [13], one third of the total 
water consumption corresponds to the hot water consumption. So, the hot tap 
water consumption is 2533,33 m3 per year. 
 𝐶𝑝(𝐽 º𝐶 · 𝑘𝑔⁄ ): is the specific heat capacity of the water. The value used 

in this case will be 4180 𝐽 𝑘𝑔 · º𝐶⁄  according to table 3 in the annex. 
 ∆𝑇 (º𝐶): the temperature difference is 50 ºC in this case. Usually, the 
temperature of the cold water, which is heated, is 5 ºC and it is heated normally 
until 55 ºC. This values were given by the supervisor Roland Forsberg but also 
checked according to [13]. 

𝐶𝑓(𝑊ℎ 𝐽⁄ ): is the conversion factor from Joules to Watts per hour. It is 

necessary because, due to the volume, there are no units of time in this case. 

3.2.7. District heating system 

The district heating system contribution is the heating which they are 
paying for. The consumption is obtained directly from the invoices provided by 
the company, as it is possible to appreciate in the invoices section in the annex.  
  

36 60 40 9 500 15

V 166 16 2 24 0 0 7232

D 36 0 0 12 0 0 1404

E 29 0 0 0 0 0 1044

C 36 0 0 12 0 0 1404

T 83 2 0 4 0 0 3144

U 48 0 0 10 3 8 3438

F 44 1 0 0 0 0 1284

C1 4 0 0 0 0 0 144

C2 5 0 0 0 0 0 180

C3 4 0 0 0 0 0 144

C4 11 0 0 4 0 0 432

C5 5 0 0 8 0 0 252

20102

Lighting
BULBS (W)

TOTAL
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4. Results 
 The results will be presented, as before, distinguishing between each 
different component of the balance. 

4.1. Ventilation 

  In the figure 27 is shown the difference of temperatures during the year. 
The temperature inside the buidings that is constant during the year, the 
temperature outside that has a huge variation during the year and the 
temperature of the incoming air that depends on the efficiency of the heat 
exchanger, as was explained before. 

 
Figure 27. Difference of temperatures according to the efficiency of the heat exchanger. 

 As it is shown in the figure 28 the main heat losses are located in the 
buildings F (19 %), C (21 %), D (21 %) and E (20 %), the buildings of 
apartments. The rest buildings present a heat loss of 8 % in the building T, 6 % 
in the building U and 5 % in the building V. 

Figure 28. Ventilation heat losses through the different buildings. 
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 In the figure 29 is possible to appreciate the heat losses in each month of 
the year in the buildings. As it is possible to see, the maximum heat loss is 
placed during the Winter period, and it decrease in the warmer months. Finally it 
is not considered during the summer months, as it was pointed before, besides 
it is shown in the figure 29. 

Figure 29. Ventilation heat losses through the different months of the year. 

The total contribution to the balance is 369,89 MWh per year, which is 
the total heat loss through the mechanical ventilation system. It is 12 % of the 
total balance. The table of results is shown in the annex, table 17. 

4.2. Radiation 

 In the figure 30 is possible to see the total solar energy coming into the 
buildings in each month of the year.  The difference between winter and 
summer months is huge. It is due to a more perpendicular impact of the rays of 
sunlight during the summer season than during the winter season, when the 
impact of the rays of sunlight is more tangential, as it was explained in the 
theory section. In spite of the summer months are shown in the figure 30, they 
are not taken in consideration for the calculation. 

Figure 30. Solar radiation per month of year. 
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In the figure 31 is represented the distribution of the total window area 
per facades of the buildings. As it is possible to see, the most part of the 
windows are placed in the south façade (55 %), followed by the north façade 
(22 %), west façade (17 %), east façade (4 %) and the roof (2 %). 

 
Figure 31. Windows area distributed per facades. 

 The figure 32 shows how is distributed the solar energy that comes into 
the building, through the different facades of it. As it is possible to see, the most 
part of the energy comes in through the south facade (78 %), followed by the 
west facade (12 %), north facade (5 %), east facade (3 %) and the roof (2%). 
The reason because the south façade receives more energy, a part of a bigger 
area, is because the movement of the sun around the Earth (placing the 
reference system on the Earth), as it was explained in the theory section. It 
produces that the rays of sunlight impacts more perpendicular on the south 
façade (only in the northern hemisphere), which is traduced in more solar 
energy (figure 14). 

 
Figure 32. Solar radiation per facade of the building. 
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The total contribution to the balance is 643,36 MWh per year, which is 
the total energy coming into the building through the Windows. It is 20 % of the 
total balance. The table of results is shown in the annex, table 18. 

4.3. Transmission 

 The figure 33 shows the temperature difference between inside and 
outside during the year. As it was said, the temperature inside is maintained 
constant during the whole year at 21 ºC, according to the thermal comfort 
conditions explained in the theory section. Then, the temperature difference 
depends on the temperature outside. The difference is bigger when the outside 
temperature is less, this happen during the winter months. 

 
Figure 33. Difference of temperatures between inside and outside. 

 In the table 4 is possible to see the different UA-Values for all the 
closures and they are plotted in the figure 34. It should be pointed out that the 
bigger value is for the south façade windows, due to two reasons. On one hand 
the bigger area and on the other hand the bigger U-Value for the windows. 

 
Figure 34. Distribution of closure UA-Values. 
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Table 4. Distribution of closure UA-Values. 

 
 In the figure 35 is possible to appreciate the heat losses through the 
closures distributed through the months of the year, which is related with the 
temperature difference. 

 
Figure 35. Transmission heat losses distributed during the year. 

In the figure 36 is possible to appreciate the heat losses distributed 
through the different closures of the building, which is related with the UA-
Values. This heat loss is produced through the different methods of heat 
transmission explained in the theory section, but mainly through conduction in 
the closures. 

East -90º North -180º West 90º South 0º

188,91 317,74 164,32 226,02 1029,50 525,55

East -90º North -180º West 90º South 0º

260,06 546,50 506,75 1363,44 1620,75

Windows
Floor

Walls
RoofBasement
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Figure 36. Transmission heat losses distributed per closure. 

The total contribution to the balance is 875,46 MWh per year, which is 
the total heat loss through the closures of the building. It is 28 % of the total 
balance. The table of results is shown in the annex, table 19. 

4.4. Internal heating 

 In the figure 37 is possible to appreciate the gain from the lighting 
distributed through each building. The highest consumption is placed in the 
buildings V, U and T because there takes place the activities during the day. 
Followed by the building F because of the kitchen and the office are placed 
there and then, the buildings of dwelling. And finally, the corridors. 

 
Figure 37. Gain from lighting distributed per building. 
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 The figure 38 shows the percentage that belongs to each component of 
the internal heating. As it is possible to see, the highest gain comes from people 
in the building, followed by the lighting, the equipment and finally the rooms, 
that comes from the equipment placed there (200 W per apartment, according 
to the supervisor Roland Forsberg). 

 
Figure 38. Internal heating distribution. 

The total contribution to the balance is 189,43 MWh per year, which is 
the total energy heat in the building from inside. It is 6 % of the total balance. 
The table of results is shown in the annex, table 20. 

4.5. Natural ventilation 

 According to the supervisor Roland Forsberg, the value for natural 
ventilation usually corresponds to 5-15 %, in this case it is 12 %. 

The total contribution to the balance is 182,88 MWh per year, which is 
the total heat loss through the natural ventilation of the building. It is 12 % of the 
total heat loss in the building. The table of results is shown in the annex, table 
21. 

4.6. Hot tap water 

 As it is shown in the figure 39, the hot tap water consumption accounts 
for one third of the total consumption. 

40% 

26% 

34% 

0% 

Internal heating 

People Equipment Lighting Apartments
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Figure 39. Water consumption. 

The total contribution to the balance is 147 MWh per year, which is the 
total heat loss through the hot tap water. It is 5 % of the total balance. The table 
of results is shown in the annex, table 22. 

4.7. District heating system 

 The figure 40 shows the DHS utilisation during the year. As it is possible 
to see, the highest consumption is placed during the winter months, while in the 
summer months the DHS utilisation is practically non-existent, as it was said. 

 
Figure 40. Energy usage in DHS distributed through the year. 

 The total contribution to the balance is 742,44 MWh per year, 
which is the total energy heat in the building from DHS. It is 23 % of the total 
balance. The table of results is shown in the annex, table 23. 
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4.8. Thermal camera 

 The thermal camera used in this project was provided by the University 
of Gävle, the camera was Flir System Thermacam S60, shown in the figure 
41.The thermal camera was used in this project in order to detect some faults 
on the buildings, qualitative method. The pictures taken are shown and 
commented next. 

 
Figure 41. Thermal camera used. 

The figure 42 shows a problem of heat loss in the building. The wall 
outside is connected with the inside of the building transferring thus the 
temperature from outside directly to inside through conduction method, as 
shown in the picture. 
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Figure 42. The outside wall introduce a heat loss through conduction inside. 

 The figure 43 shows the difference of temperatures between the 
ventilation system and the inside of the building. As said, it is a qualitative 
method, the intention is not to measure temperatures. The difference is small 
because the pictures were taken during May. 

 
Figure 43. The difference of temperature between the ventilation system and inside. 
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 In the figure 44 is shown the thermal bridge in the mark that introduce a 
heat loss into the building. It is due to a higher U-Value of the mark because of 
the metallic component. 

 
Figure 44. Heat loss through due to the thermal bridge. 

 In the figures 45, 46 and 47 is shown some examples of thermal bridges 
on the buildings. This thermal bridges introduce a heat loss in the building 
because of the bigger U-Value. 

 
Figure 45. Thermal bridges in the building T. 
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Figure 46. Thermal bridges in the building E. 

 
Figure 47. Thermal bridges in the building C. 
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4.9. Balance 

 In the figure 48 are shown the different components of the total heat 
losses on the buildings. The highest heat loss corresponds to transmission 
through the envelopes of the buildings with a value of 56 %. Then, the 
mechanical ventilation, 23 %, and finally hot tap water 9 % and natural 
ventilation 12 %. 

Figure 48. Heat losses in the buildings. 

The highest heat gain is the DHS with a value of 47 %, followed by the 
radiation gain 41 % and finally the internal heating with a value of 12 %. As it is 
shown in the figure 49. 

 
Figure 49. Heat gains in the buildings. 
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 The total heat loss in the building corresponds to 1575,23MWh and the 
total heat gain corresponds to 1575,23 MWh. In this case the difference 
between both is 0 MWh which corresponds to balance 0. The contribution of 
each part of the balance is shown in the figure 50, and also in the table of 
results in the annex table 24. 

Figure 50. Total balance in the buildings. 
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5. Discussion 
 In this section will be commented the results presented in the last 
section. The section will be split, according to the strategy used in the thesis, in 
the different components of the balance. In each one, will be commented the 
strength and the weakness of the method used as well as the results obtained 
and possibilities of improvement. 

5.1. Balance 

 The balance, as explained in the theory section, is supported on the first 
law of thermodynamics. This law is a universal statement, which provides a big 
point of strength to the thesis and an incontrovertible argument. 
 There are some points of weakness in the project because of the 
assumption of some experience values instead of taking the measures in situ, 
which will be explained deeply in the next sections. It is due to the reduced time 
to carry out the project. With more time would have been possible to obtain 
more accurate results because the measures would have been taken in situ. As 
well as the efficiency measure would have been studied deeply. 
 Another weakness point is the measures were taken during the summer 
months (April) and for improving the accuracy it should be taken an average 
value of the different seasons of the year because the calculations are referred 
to a whole year, and the measures taken only in April were assumed for the 
whole year. 
 The results show that there are two main components of the balance that 
should be reduced because of its higher value on it, the transmission heat 
losses 56 % and the DH consumption 47 %. 

5.2. Ventilation 

5.2.1. Results 

 The ventilations measurements were taken with the measurement stuff 
provided by the company SWECO and they were previously calibrated, as 
shown in the annex figures 4, 5 and 6. The measurements were obtained as the 
average of 6 different measurements on each pipe. This both aspects support 
the strength of the flow measures obtained. 
 The calculations were made according to the efficiency of the heat 
exchanger, which was obtained as datum from the supervisor according to the 
type of the heat exchanger. It should be measured on site in order to improve 
the accuracy of the calculations. Another aspect that would improve the 
accuracy would be to take the measurements during the cold season and the 
warm season, in order to obtain an average for the whole year. In this case the 
measures were taken only in April and assumed for the whole year. 
 As it is shown in the figure 27 and 29, the ventilation heat losses are very 
connected. The ventilation heat loss main dependence is on the temperature of 
the incoming air, and this temperature depends on the efficiency of the heat 
exchanger, as explained in the theory section. That is the reason because of 
the main heat loss is placed on the winter months while it decreases during the 
warmer months. According to the figure 28, the highest heat losses are placed 
on the dwelling buildings, which is due to a bigger flow coming inside. 
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 It should be pointed out that the measures taken on the building doesn´t 
fit in with the measurements calculated in the protocol books, as it is shown in 
the ventilation calculations in the annex. It could be due to a malfunctioning of 
the ventilation system or may be to the fact that the measures were taken 
during the warm season. This fact produces a difference of pressure between 
inside and outside which produces a higher rate of infiltration. 

5.2.2. Possibility of improvement 

 There are some possibilities of improvement in this case, according to 
the results obtained that will be pointed out next. 

First thing to do is to analyse the difference of the flow rates. This fact is 
increasing the heat loss through infiltration. The flows of the incoming air and 
the outgoing air should be equal in order to avoid this difference of pressure 
thus to reduce the heat loss. 

As explained, the heat loss main dependence is on the temperature 
which depends on the efficiency of the heat exchanger. So, if the temperature 
of the incoming air would be higher the heat loss will be reduced. For achieve 
this objective the efficiency of the heat exchanger should be higher and with this 
purpose a new heat exchanger with higher efficiency would be needed. 

5.3. Radiation 

5.3.1. Results 

 The area of the windows was obtained from the drawings of the buildings 
as well as measurements on site. Before taking the measures on the drawings 
was verified the scale of the drawings because they are from 1985 and they are 
handwritten, some of them are scale 1/100 and some other 1/50. 
 The shadow due to the ledges was not calculated accurately as well as 
the shadow between the buildings. This fact could be improved in order to get 
more accurate results. There are some programs as C3X, which can be useful 
in order to do this calculation. 
 As commented, the main dependence in this case is the area of glass, 
but also the orientation should be taken in consideration. As it was said, this 
forms part of the free heating coming into the building, reason because it should 
be taken advantage as maximum as possible. 

5.3.2. Possibility of improvement 

 In this case, there are no possibilities of improvement after the 
construction process. The improvement consists in increase the rate of radiation 
coming into the building, which is possible to obtain increasing the area of glass 
and reducing the shadows in the building. 
 In this case there are two facades in the buildings E, F, C and D where 
would had been possible to place more windows. And thus increase the area of 
glass. 
 In this case, the buildings are so close with each other, which cause 
shadows in the buildings. This aspect would had been taken in consideration 
and construct the buildings away from each other. 
 The buildings have some ledges which are putting in shading some glass 
area. It should be taken in consideration to remove these ledges in order to 
avoid the shadow in the building. 
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5.4. Transmission 

5.4.1. Results 

 In this case, the measures were taken from the drawings, which provides 
accurate measures easily to obtain. The trigonometric calculation was based on 
the drawings. 
 The weakness in this case is related with the U-Value. For obtaining 
more accurate results the U-Values should be calculated, with this purpose is 
needed to know each material that forms part of the closure as well as the 
thickness of each one, as explained in the theory section. As it was said, in this 
case the U-Values were obtained from experience values. 
 As shown in the figures 33 and 36, the heat depends on the temperature 
outside but it also depends on the UA-Value of each closure. In this case the 
heat loss is mainly placed on the windows and on the walls. But analyzing the 
values, the heat loss is much higher through the windows, 353 kWh/m2 than 
through the walls, 29,6 kWh/m2. This aspect is due to the highest U-Value of the 
windows. 
 The transmission heat loss is the highest in the balance with 56 %. Thus, 
is the first thing to keep in mind for improve it and the part of the balance with 
more possibilities of improvement and savings. 

5.4.2. Possibility of improvement 

 There are some possibilities of improvement in this case explained next. 
 Due to the high U-Value of the windows, 2,95 Wh/m2, the heat loss is 
very high. So, it is possible to decrease this U-Value and there are two different 
options for obtaining it: 

 Changing all the windows of the building for more efficient windows with 
a lower U-Value and also with thermal bridge breaking (reduce losses as 
shown in the thermal camera section). 

 Adding to the existing windows an additional glass, this will decrease the 
U-Value of the windows. 

 It is also possible to decrease the heat loss through the walls, with the 
same idea than before, decreasing the U-Value and reducing the thermal 
bridges on the wall (shown in the thermal camera section). It can be achieved 
as next is explained: 

 Adding an additional isolation to the wall in the external façade of the 
buildings. 

 Adding an additional isolation to the wall in the interior of the buildings.. 

 Adding an additional isolation to the wall by adding isolation material into 
the air chamber. 
As it was said, the external cover of the roof in some buildings is made of 

metallic material. The metallic material has a high conductivity, which means a 
high U-Value and thus high heat loss. So, the recommendation is to change this 
material on the roof or add additional cover of a low conductivity material. 
 As shown in the figure 41, there is a problem of heat loss in some 
buildings due to the contact of the outside wall with the inside, in order to 
decrease this heat loss should be added an isolation material over the wall or 
put a coat of isolation paint over the wall.  
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As shown in the figures 44, 45, 46 and 47; there are some thermal 
bridges that introduce a heat loss in the building due to a higher U-Values. In 
the case of windows it can be solved changing the windows for new windows 
with thermal bridge break in the marks. And in the case of the walls it can be 
decreased improving the insulation of the walls, as commented. 

5.5. Internal heating 

 In this case the values for internal heating coming from people and from 
the equipment were obtained from ASHRAE, which is an important influential 
international organization. Otherwise is really difficult to obtain accurately these 
values in situ. So, this fact provides accurate values according to ASHRAE. 
 The values for the internal heating coming from the lighting were 
measured in situ in each building, so the values obtained are maximum 
accurate. 
 Regarding to the time which the equipment is working, the lights are 
switched on and the people are on the building is difficult to obtain it accurately. 
So the weakness of the internal heating calculation resides in this aspect. 
 As well as the radiation, the internal heating forms part of the free 
heating coming into the building. In contrast, there are no possibilities of 
improvement because improving it means to increase the lighting or increase 
the number of people in the building, which is counter-productive. The internal 
heating is simply measured and is what there is. 

5.6. Natural ventilation 

5.6.1. Results 

 This section is the weakest of the project; it is very difficult to obtain this 
value experimentally, as it was said. It can be measured with some test, as the 
tracer gas measurement test, but it couldn´t be done in this case. 

5.6.2. Possibility of improvement 

 As it was commented, the difference of pressure between inside and 
outside increase the rate of infiltration in the building. So, the main improvement 
in this case is solving this difference of pressure fixing it in the ventilation 
system. 
 There is another possibility to reduce the infiltration, which consists in 
locate the leaks on the building in order to fix it. They can be located with a 
blower door test, which works increasing the difference of pressure between 
inside and outside through pulling air out of the building with a fan. 

5.7. Hot tap water 

5.7.1. Results 

 The hot tap water heats losses are not an accurate measurement 
because of the company doesn´t have the real consumption of it. The hot tap 
water consumption was obtained from an experience value which causes the 
inaccuracy of the results, which is a weakness point. 
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5.7.2. Possibility of improvement 

 There is a possibility of savings in this section which consists in decrease 
the temperature of the hot tap water. In this case the hot tap water is coming 
out of the tap at 55 °C and this temperature can be decreased until 50 °C at the 
most, because of the legionella. 
 Another possibility consists in install solar panels in order to fulfill the 
demand of hot tap water in the building. There are two possibilities, design the 
system to fulfill the 100 % of the hot tap water consumption or design it to work 
together with the DHS. Besides the option chosen, there is so much space on 
the top of the buildings and it is perfect to install it there because there are no 
close buildings that can produce shadows on it. 

5.8. District heating system 

5.8.1. Results 

 The values from DHS consumption are just taken from the invoices 
provided from the company. These results are very accurate because of 
provided from the DH company, Bionär. 
 The results show a higher consumption during the winter months, as it is 
obvious, but there is a small consumption on the summer months, this 
consumption is according with the hot tap water that can be considered as 
constant during the whole year. The DH consumption is the biggest heat in 
component with 47 %, according to the results. Thus is one of the aspects, 
together with the transmission losses, that should be importantly decreased.  

5.8.2. Possibility of improvement 

 All the efficiency measures aim is indirectly related with decrease the DH 
consumption, because is the Energy which the company is paying for. But there 
are some possibilities of reducing it directly, as explained next. 
 As it was said, the inside temperature is maintained constant during the 
whole year at 21 °C. But taking a look to the figure 21, where the range of 
comfort is shown, it is possible to appreciate that this temperature could be 
reduced. The idea is to reduce the inside temperature from 21 °C to 19,5 °C , 
which is still inside the comfort range and it will decrease importantly the DH 
consumption. 

5.9. Efficiency measures 

 The efficiency measures are shortly analysed in this section, with the 
idea of proposes it and afterwards starts with the exhaustive analysis of it. 

5.9.1. Ventilation system 

 The idea is to equal the flow outgoing with the flow incoming in order to 
avoid the difference of pressure between inside and outside and thus decrease 
the heat loss through infiltration in the building. 
 In this case it is not possible to present some savings results because 
the infiltration was not calculated, it was obtained from an experience value as 
explained. 
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5.9.2. Heat transmission through windows 

 The idea is to decrease the high actual U-Value of the  majority of the 
windows (2,95 W/m2 °C). Thus, two options are possible, one of them consists 
in add an additional glass to the existing buildings and the other is to change 
the actual windows for new ones. 
 The option of changing the actual windows implies a new U-Value of   
1,2 W/m2 °C according to Elitfönster. This new U-Value implies a reduction of 
182,29 MWh per year which is the 57,56 % of the heat loss through the 
windows. The problem of this option is the high price of the new windows and 
the installation of it, which is traduced in some year of return period, which 
means that perhaps, is not a profitable option for the company. The new 
windows installed should be thermal bridge break, thus the heat losses is more 
decreased. 
 The option of add an additional glass to the actual windows implies a 
new U-Value as well of 1,2 W/m2 °C according to Elitfönster. So, the results are 
the same as before. In contrast, this option has not high prices as previous, 
which could turn out on a profitable measure with a reduced return period. 

5.9.3. Heat transmission through walls 

 The idea is to decrease the U-Value of the walls through adding some 
additional isolation to the wall. This extra isolation could be added by three 
different methods, in the external façade, in the internal façade and inside the 
air chamber of the wall. 
 The option of adding the isolation material in the internal façade implies 
to do work inside of the building, which can be a problem for the people living 
on it as well as a high cost. Despite this fact, this option implies the lowest U-
Value which means the highest energy savings on it, savings around 42 %1. 
 The option of adding the isolation material in the external façade implies 
to do work on the outside of the building, which implies fewer problems on the 
building compared with the last case and also high price as before. In contrast, 
it implies a higher U-Value than the last option, which means lower savings than 
the last option around 32 %1. 
 The option of adding the isolation material in the air chamber is the 
easiest of them as well as the cheapest. It consists in making a hole in the wall 
and introduces the material, which can be polyurethane foam, inside of it. This 
option implies less work to do and less disturbs in the building, but the U-Value 
is higher and thus the heat loss is higher than the other options, around 15 %11 
of savings. 

5.9.4. Infiltration 

 The idea is to fix the leakages through the closures of the buildings. But 
first is necessary to locate them. With this purpose a blower door test is needed. 
Once they are located is time to fix it. Thus is possible to save almost 40 % of 
the total heat loss. 
 
 
 

                                            
1
  These values are obtained from the studies in the Polytechnic University of Valencia, they 

should be specifically checked. But they are shown here as order of magnitude. 
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5.9.5. Hot tap water consumption 

 There are two possibilities of savings in this case, the reduction of the 
temperature of the hot tap water and heat the hot tap water with solar panels. 
 There is a big problem with the water stagnant and warm, the problem is 
that the legionella bacterium reproduces on it and it is harmful for people. This 
bacterium cannot reproduce with temperatures over 60 °C. Thus, the minimum 
temperature of the hot tap water can be 50 °C. Thus there is a margin of 5 °C 
which can be reduced the temperature of the hot tap water, which means 
energy savings without investment cost. In contrast, this measure could put in 
danger the health of the people in the building. That is the reason because is 
not recommendable. 
 It is possible to install solar panels on the roof of the building and it is a 
good option because there are no shadows from other buildings that can ruin it. 
In this case two options are presented; fulfill the total hot tap water consumption 
or only half of it. 

First one is to fulfill all the hot tap water demand with the solar panels, 
which means energy savings of 147 MWh per year, 9 % of the total heat loss, 
but a high cost because of the installation.  

The other option consist on fulfill the demand half and a half between the 
DHS and the solar panels. This option implies less energy savings but the 
investment cost is more reduced than the latest because the more reduced 
installation.  

The last option could be considered in order to install the necessary solar 
panels for cover the whole demand in two steps, doing the second step when 
the investment cost would be recovered. 

5.9.6. Temperature reduction 

 The idea is to reduce the temperature of the building, which right now is 
21 °C for the whole year, to 19,5 °C, which is still into the range of thermal 
comfort according to ASHRAE, figure 29. This measure is very attractive 
because allows lot of energy savings with any cost.  
 For maintain constant this temperature should be taken in consideration 
more variables, as relative humidity and so on in order to be in the thermal 
comfort zone. 
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6. Conclusions 
 The amount of money which the company is paying for the Energy usage 
accounts for 347.461,45 kr per year. 
 The results show the high heat losses through transmission in the 
closures of the building as the main heat loss with 875,46 MWh per year, which 
is 56 % of the total heat loss. The free heating in the buildings accounts for 
832,79 MWh, which is 53 % of the total heat gain. These two facts produce 
mainly the elevated consumption of DH, which accounts for 742,44 MWh, 47 %. 
Thus, the main idea is to reduce the heat loss through transmission because of 
the major heat losses. After the heat losses through transmission, the heat 
losses through ventilation accounts for 369,89 MWh per year, 23 %, which is 
the second priority after the transmission to reduce. And finally the hot tap water 
heat loss which account for 147 MWh per year, 9 % and the natural ventilation 
182,88 MWh per year, 12 % are the last priority to reduce respectively.  
 As explained before, there are some priorities to implement the efficiency 
measures because of the higher losses, which allows for major savings. But 
also should be taken in consideration the investment cost. According to it, are 
presented next the efficiency measures that according to a personal criteria will 
be more profitable, but they should be deeply studied. 
 The reduction of the temperature is the most attractive one, as it was 
said, thus it should be really taken into account. The windows efficiency should 
be improved because of the higher losses, as explained. The option of adding 
an extra glass to the actual windows is the most interesting because of a 
cheaper price. The heat loss through the walls is also important and the 
measure off add the isolation material inside the air chamber is the most 
relevant one because of two reasons, first the more reduced price and a more 
ease when installing it on the wall. Finally the option to install solar panels to 
fulfill the hot tap water consumption should be considerate and the best option 
is to install it in two steps, as it was explained. 
 The rest of the options are not as interest as described above according 
to a personal criteria, considering the possible savings and the investment cost 
as the personal experience. 
 Besides the electric study has not carried out, there are some options in 
order to decrease the electrical consumption. As it was seen in the building, the 
bulbs and fluorescent bulbs installed are old technology. Thus, the lighting 
system can be changed by LED technology, which is more efficient. It can be 
changed the actual bulbs by new LED bulbs of fewer power and same 
luminescence, which implies energy savings and thus money savings. This 
implies an important investment cost but the money savings obtained are 
considerably. So, the return period usually is around 1 or 2 years at most, which 
is a profitability option. Another option to reduce the electricity consumption 
consists in install motion detectors for the lighting system in the corridors in 
order to avoid having switched on the lights uselessly. 
 The intention of this work from the beginning was to obtain accurate 
results. Thus was created an accurate method, as was explained, trying in all 
cases to be as accurate as possible. In the majority of cases the expected 
results were accomplished but in some cases this was not possible because of 
force majeure. In some cases due to the impossibility to get the data from the 
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company and in other because of the available time to finish the thesis. In this 
cases was identified where are the weak points and how to proceed in order to 
improve the accuracy of it.  

In conclusion, the expected results were accomplished according with 
the limitations established, time and measurement stuff. But there are some 
weak points that should be solved according to the advice provided. 

As described before, the main limitations of this thesis was the time 
available for finish it and the measurement stuff available for carrying it out. It 
should be pointed out that the time was a more limiting factor than expected. It 
was expected to analyse the heating system and also set out and analyse 
deeply some efficiency measures, cost and CO2 savings. Finally, and due to 
this limiting factor, it has been decided to carry out the energetic study and only 
set out the efficiency measures (the reason because the title was changed). It is 
also due to the big dimensions of the building. Perhaps it is too big for only one 
student and may be, the study should have been carried out by two students or 
may be started in the beginning of the semester.  

Despite everything, the energetic study presented is an accurate and 
detailed study, as commented, with many strength points and some weak points 
which should be solved as was explained. And it achieves the expected results. 

And finally where presented the efficiency measures identified during the 
energetic study, with the idea of analyse it, which implies to study its profitability 
for the company (money savings) and to the environment (CO2 savings) deeply, 
and its implementation in the buildings. This analysis is relatively easy to carry 
because the main part of it is already done, which is the energetic study. 
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Figure 1. Swemaflow 125D. 

 
Figure 2. TSI Accubalance 8380. 

 
Figure 3. VelociCalc Plus TSI 8360. 
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Figure 4. Calibration of Swemaflow 125D.  
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Figure 5. Calibration of TSI Accubalance 8380. 
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Figure 6. Calibration of VelociCalc Plus TSI 8360. 
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Table 1. Air properties. Source: [17]. 
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Table 2. Density of the water depending on the temperature at 1 bar. Source: Vaxasoftware. 

 
Table 3. Specific heat capacity of the water depending on the temperatura at 1 bar. Source: 

Vaxasoftware. 

 
 

 

Densidad del agua líquida entre 0 °C y 100 °C www.vaxasoftware.com

 
   Presión externa: 1 atm = 101  325 Pa 
 

Temperatura Densidad   Temperatura Densidad   Temperatura Densidad  
°C kg / m

3
 °C kg / m

3
 °C kg / m

3

0 (hielo) 917,00  33 994,76  67 979,34 
0 999,82  34 994,43  68 978,78 
1 999,89  35 994,08  69 978,21 
2 999,94  36 993,73  70 977,63 
3 999,98  37 993,37  71 977,05 
4 1000,00  38 993,00  72 976,47 
5 1000,00  39 992,63  73 975,88 
6 999,99  40 992,25  74 975,28 
7 999,96  41 991,86  75 974,68 
8 999,91  42 991,46  76 974,08 
9 999,85  43 991,05  77 973,46 

10 999,77  44 990,64  78 972,85 
11 999,68  45 990,22  79 972,23 
12 999,58  46 989,80  80 971,60 
13 999,46  47 989,36  81 970,97 
14 999,33  48 988,92  82 970,33 
15 999,19  49 988,47  83 969,69 
16 999,03  50 988,02  84 969,04 
17 998,86  51 987,56  85 968,39 
18 998,68  52 987,09  86 967,73 
19 998,49  53 986,62  87 967,07 
20 998,29  54 986,14  88 966,41 
21 998,08  55 985,65  89 965,74 
22 997,86  56 985,16  90 965,06 
23 997,62  57 984,66  91 964,38 
24 997,38  58 984,16  92 963,70 
25 997,13  59 983,64  93 963,01 
26 996,86  60 983,13  94 962,31 
27 996,59  61 982,60  95 961,62 
28 996,31  62 982,07  96 960,91 
29 996,02  63 981,54  97 960,20 
30 995,71  64 981,00  98 959,49 
31 995,41  65 980,45  99 958,78 
32 995,09  66 979,90  100 958,05 

 
www.vaxasoftware.com

Calor específico del agua entre 0 °C y  100 °C www.vaxasoftware.com

 

Temp. Calor específico Temp. Calor específico Temp. Calor específico 

 

°C 
K·kg

kJ
 

K·kg

kcal
 

 

°C 
K·kg

kJ
 

K·kg

kcal
 

 

°C 
K·kg

kJ
 

K·kg

kcal
 

0 (hielo) 1,960 0,468 34 4,178 0,999 68 4,189 1,001 

  0 4,217 1,008 35 4,178 0,999 69 4,189 1,001 

  1 4,213 1,007 36 4,178 0,999 70 4,190 1,001 

  2 4,210 1,006 37 4,178 0,999 71 4,190 1,001 

  3 4,207 1,005 38 4,178 0,999 72 4,191 1,002 

  4 4,205 1,005 39 4,179 0,999 73 4,192 1,002 

  5 4,202 1,004 40 4,179 0,999 74 4,192 1,002 

  6 4,200 1,004 41 4,179 0,999 75 4,193 1,002 

  7 4,198 1,003 42 4,179 0,999 76 4,194 1,002 

  8 4,196 1,003 43 4,179 0,999 77 4,194 1,002 

  9 4,194 1,002 44 4,179 0,999 78 4,195 1,003 

10 4,192 1,002 45 4,180 0,999 79 4,196 1,003 

11 4,191 1,002 46 4,180 0,999 80 4,196 1,003 

12 4,189 1,001 47 4,180 0,999 81 4,197 1,003 

13 4,188 1,001 48 4,180 0,999 82 4,198 1,003 

14 4,187 1,001 49 4,181 0,999 83 4,199 1,004 

15 4,186 1,000 50 4,181 0,999 84 4,200 1,004 

16 4,185 1,000 51 4,181 0,999 85 4,200 1,004 

17 4,184 1,000 52 4,182 1,000 86 4,201 1,004 

18 4,183 1,000 53 4,182 1,000 87 4,202 1,004 

19 4,182 1,000 54 4,182 1,000 88 4,203 1,005 

20 4,182 1,000 55 4,183 1,000 89 4,204 1,005 

21 4,181 0,999 56 4,183 1,000 90 4,205 1,005 

22 4,181 0,999 57 4,183 1,000 91 4,206 1,005 

23 4,180 0,999 58 4,184 1,000 92 4,207 1,005 

24 4,180 0,999 59 4,184 1,000 93 4,208 1,006 

25 4,180 0,999 60 4,185 1,000 94 4,209 1,006 

26 4,179 0,999 61 4,185 1,000 95 4,210 1,006 

27 4,179 0,999 62 4,186 1,000 96 4,211 1,006 

28 4,179 0,999 63 4,186 1,000 97 4,212 1,007 

29 4,179 0,999 64 4,187 1,001 98 4,213 1,007 

30 4,178 0,999 65 4,187 1,001 99 4,214 1,007 

31 4,178 0,999 66 4,188 1,001       100 4,216 1,008 

32 4,178 0,999 67 4,188 1,001    100 (gas) 2,080 0,497 

33 4,178 0,999       

 
www.vaxasoftware.com
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Table 4. Ventilation flow measurements in building T (m
3
/h). 

 
Table 5. Ventilation flow measurements in building U (m

3
/h). 

 
Table 6. Ventilation flow measurements in building V (m

3
/h). 

 

In (tube) Out (tube) In (tube) Out (tube)

T Textil 151,20 1085,73 1350,00 1400,00

T Förrad 114 82,80 0,00 400,00 0,00

T Forrad 110 82,80 0,00 50,00 0,00

T Foto 82,80 415,07 400,00 400,00

T Expedition 0,00 169,65 0,00 60,00

T Entre 114,12 66,16 80,00 200,00

T Vilrum 50,40 11,31 60,00 60,00

T RWC 90,00 0,00 60,00 0,00

T Stad 50,40 0,00 60,00 0,00

T Ytbeh 57,60 1060,29 500,00 500,00

T Snickeri 465,12 673,28 550,00 600,00

TOTAL 1227,24 3481,49 3510,00 3220,00

CalculatedMeasured
RoomBuilding

In (tube) Out (tube) In (tube) Out (tube)

U Matsal 0 2171,47 0,00 2500,00

U Mellan 307,80 132,66 3500,00 1000,00

U Vinter 118,80 0,00 0,00 0,00

TOTAL 426,60 2304,13 3500,00 3500,00

Building Room
Measured Calculated

In (tube) Out (tube) In (tube) Out (tube)

V Café 118,08 1153,95 800,00 1000,00

V Entre 407,52 0,00 1000,00 0,00

V WC 93,60 0,00 60,00 0,00

V RWC 93,60 0 60 0

V Telef 115,20 0 60 0

V Las 0 1001,97 0 1000

V Recept 0,00 63,05 0 114

V Jour 0 26,30 0 60

V WC 93,60 0 60 0

V Stad 93,60 0 50 0

V Ele 30,00 0 30 0

V Emb 50,00 0 50 0

V Inlast 93,60 0 50 0

V Frd 93,60 0 30 0

V Stol 93,60 0 30 0

TOTAL 1376,00 2245,26 2280,00 2174,00

Building Room
Measured Calculated
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Table 7. Ventilation flow measurements in building F (m

3
/h). 

 
Table 8. Ventilation flow measurements in building C (m

3
/h). 

 
Table 9. Ventilation flow measurements in building D (m

3
/h). 

 
Table 10. Ventilation flow measurements in building E (m

3
/h). 

 
 
 
 
  

In (tube) Out (tube) In (tube) Out (tube)

F Kok 1061,10 1140,02 1200,00 3360,00

F Diskrum 1061,10 547,39 1350,00 1350,00

F Stao 18,00 0,00 40,00 0,00

F Torrfo 36,00 0,00 50,00 0,00

F HWC 36,00 0,00 60,00 0,00

F Kyl 18,00 0,00 15,00 0,00

F Kyl M 18,00 0,00 15,00 0,00

F Sval 18,00 0,00 15,00 0,00

F Bad (room) x 13 689,00 0,00 650,00 0,00

F Kök (room) x 13 520,00 0,00 520,00 0,00

F rooms 0,00 1296,00 0,00 1296,00

TOTAL 3475,20 2983,41 3915,00 6006,00

Building Room
CalculatedMeasured

In (tube) Out (tube) In (tube) Out (tube)

C Bad (room) x 18 954,00 0,00 900,00 0,00

C Kök (room) x 18 720,00 0,00 720,00 0,00

C Rooms 0 1944 0 1944

TOTAL 1674,00 1944,00 1620,00 1944,00

Building Room
Measured Calculated

In (tube) Out (tube) In (tube) Out (tube)

D Bad (room) x 18 954,00 0,00 900,00 0,00

D Kök (room) x 18 720,00 0,00 720,00 0,00

D Rooms 0 1944 0 1944

TOTAL 1674,00 1944,00 1620,00 1944,00

Building Room
Measured Calculated

In (tube) Out (tube) In (tube) Out (tube)

E Bad (room) x 17 901,00 0,00 850,00 0,00

E Kök (room) x 17 680,00 0,00 680,00 0,00

E Rooms 0,00 1836,00 0,00 1836,00

TOTAL 1581,00 1836,00 1530,00 1836,00

Building Room
Measured Calculated



Energetic study of a residential building 
 in Skutskär and savings proposal 

 
 

11 

Table 11. Radiation calculation per facade of each building. 

 

Building Facade Window type Number Area Total area Shadow factor Total Area·Cal factor TOTAL

16 5 1,71 4,21

15 1 4,13 4,68

4 1 9,26 12,47

19 4 1,88 11,23

1 5 4,45 12,47

1 6 5,34 11,69

4 1 9,26 11,69

East -90º 5 6 8,15 8,15 3 with shadows (balcony): 0,25 5,09 4,08 4,08

2 17 29,84 33,73

17 14 6,77 33,73

19 5 2,35 30,35

13 3 3,20 33,73

West 90º 5 6 8,15 8,15 3 with shadows (balcony): 0,25 5,09 4,08 4,08

12 2 12,08 118,46

2 24 42,12 118,46

6 18 93,88 118,46

East -90º 5 6 8,15 8,15 3 with shadows (balcony): 0,25 5,09 4,08 4,08

2 17 29,84 33,73

17 14 6,77 33,73

19 5 2,35 30,35

13 3 3,20 33,73

West 90º 5 6 8,15 8,15 3 with shadows (balcony): 0,25 5,09 4,08 4,08

12 2 12,08 118,46

2 24 42,12 118,46

6 18 93,88 118,46

10 1 3,68 4,26

20 1 1,65 4,26

North -180º 11 6 3,98 3,98 3,98 2,86 2,86

10 1 3,68 5,06

11 4 2,65 4,56

South 0º 1 8 7,13 7,13 7,13 5,70 5,70

1 9 8,02 13,10

8 4 8,36 13,10

0 0 0,00 0,00

West 90º 1 4 3,56 3,56 3,56 2,85 2,85

5 3 4,08 4,85

11 3 1,99 4,37

2 18 31,59 34,13

8 3 6,27 34,13

3 2 4,80 34,13

5 3 4,08 9,63

8 2 4,18 9,63

13 2 2,14 9,63

20 1 1,65 9,63

6 12 62,59 73,97

22 6 3,38 73,97

2 14 24,57 73,97

17 4 1,93 73,97

East -90º 2 22 38,61 38,61 2 with shadows (parking cover): 0 35,10 28,08 28,08

North -180º 5 1 1,36 1,36 1,36 1,09 1,09

6 9 46,94 53,32

2 9 15,80 53,32

23 4 1,98 53,32

17 4 1,93 53,32

5 3 4,08 13,37

13 4 4,27 13,37

8 4 8,36 13,37

10 1 3,68 shadows (ledge): 0,75 3,53

20 1 1,65 3,53

3 1 2,40 shadows (ledge): 0,75 3,15

13 2 2,14 3,15

East -90º 8 1 2,09 2,09 2,09 1,67 1,67

20 1 1,65 2,99

8 1 2,09 2,99

20 1 1,65 2,99

8 1 2,09 2,99

3 1 2,40 4,45

8 1 2,09 4,45

13 1 1,07 4,45

3 1 2,40 4,45

8 1 2,09 4,45

13 1 1,07 4,45

8 7 14,63 15,44

3 2 4,80 2 with shadows (ledge): 0,75 15,44

13 1 1,07 15,44

14 1 5,59 7,00

13 1 1,07 7,00

8 1 2,09 7,00

7 1 4,02 7,41

8 2 4,18 7,41

13 1 1,07 7,41

8 3 6,27 8,23

7 1 4,02 8,23

V Horizontal 24 1 17,94 17,94 17,94 14,35 14,35

U Horizontal 25 1 30,40 30,40 30,40 24,32 24,32

C5

10,29

9,26

South 0º

North -180º

20,50West 90º

C4

8,75South 0º

4,54

5,33

West 90º

East -90º

C1

South 0º 3,74

C2

5,56

5,56

C3

West 90º

East -90º

3,74North -180º

East -90º

T

42,16

92,47South 0º

E

66,64West 90º
F

16,71South 0º

6,06East -90º

42,66North -180º

12,04West 90º

22,23

16,46

South 0º

North -180º

South 0º

D

5,84

V

East -90º

North -180º

148,07

42,16

14,61

15,59

North -180º
U

16,38

6,33

5,33

148,07

C

North -180º

South 0º

West 90º

40,10

7,05

6,30

5,98

5,98

13,34

13,34

46,32

21,00

3,74

3,74

5,84

15,59

14,61

42,16

148,07

42,16

148,07

5,33

6,33

16,38

6,06

42,66

12,04

92,47

66,64

10,29

8,88

36,18

23,37

131,53

355,38

131,53

355,38

8,52

9,62

26,20

9,22

102,38

38,53

295,89

213,26

5,56

5,56

19,30

8,75

9,26

16,71

4,41

3,94
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Table 12. Transmission calculation per facade of each building. 

 

Building Facade Total area Window type Number Window area Wall area UA Value-windows

East -90º 261,75 2 22 42,90 218,85 126,56

North -180º 73,50 5 1 1,43 72,07 4,22

6 9 81,00 238,95

2 9 17,55 51,77

23 4 2,08 6,14

17 4 3,22 9,51

5 3 4,29 12,66

13 4 4,50 13,27

8 4 8,80 25,96

East -90º 152,45 5 6 8,15 144,30 24,05

2 17 29,84 88,01

17 14 6,77 19,97

19 5 2,35 4,58

13 3 3,20 9,45

West 90º 148,525 5 6 8,15 140,37 24,05

12 2 12,08 35,62

2 24 42,12 124,25

6 18 93,88 276,94

East -90º 152,45 5 6 8,15 144,30 24,05

2 17 29,84 88,01

17 14 6,77 19,97

19 5 2,35 4,58

13 3 3,20 9,45

West 90º 148,525 5 6 8,15 140,37 24,05

12 2 12,08 35,62

2 24 42,12 124,25

6 18 93,88 276,94

5 3 4,08 12,02

11 3 1,99 3,88

2 18 31,59 93,19

8 3 6,27 18,50

3 2 4,80 14,16

5 3 4,08 12,02

8 2 4,18 12,33

13 2 2,14 6,30

20 1 1,65 4,87

6 12 62,59 184,63

22 6 3,38 9,96

2 14 24,57 72,48

17 4 1,93 5,71

East -90º 25,0755 0 0 0 25,0755 0

1 9 8,02 23,659

8 4 8,36 24,662

0 0 0,00 0

West 90º 30,69 1 4 3,56 27,13 10,502

16 5 1,71 3,33

15 1 4,13 12,20

4 1 9,26 61,17

19 4 1,88 3,66

1 5 4,45 13,14

1 6 5,34 49,61

4 1 9,26 27,32

10 1 3,68 10,85

20 1 1,65 4,87

North -180º 32,47 11 6 3,98 7,02 7,75

10 1 3,68 10,85

11 4 2,65 5,17

South 0º 37,39 1 8 7,13 30,27 21,02

10 1 3,68 10,85

20 1 1,65 4,87

3 1 2,40 7,08

13 2 2,14 6,30

East -90º 10,01 8 1 2,09 7,92 6,17

20 1 1,65 4,87

8 1 2,09 6,17

20 1 1,65 4,87

8 1 2,09 6,17

3 1 2,40 7,08

8 1 2,09 6,17

13 1 1,07 3,15

3 1 2,40 7,08

8 1 2,09 6,17

13 1 1,07 3,15

8 7 14,63 43,1585

3 2 4,80 14,16

13 1 1,07 3,15141125

14 1 5,59 16,49817

13 1 1,07 3,15141125

8 1 2,09 6,1655

7 1 4,02 11,84484

8 2 4,18 12,331

13 1 1,07 3,15141125

8 3 6,27 18,4965

7 1 4,02 11,84484

East -90º 5,06 0 0 0 5,06 0

West 90º 5,06 0 0 0 5,06 0

9

36,59

40,13

32,57

29,84
C5

South 0º

19,85

22,74

C4

West 90º

C3

East -90º

West 90º

25,41

28,3

North -180º

South 0º

41,04

0,25

61,54

17,88

7,96

18,375

16,5

14,64

12,76

23,21

12,495

C1

East -90º

West 90º

C2
North -180º

South 0º

E

East -90º

North -180º

West 90º

111,05

397,2

127,85

291,6

355,04

243,78

355,04

243,78

South 0º

104,99

354,54

115,81

199,13

South 0º

C

North -180º

South 0º

397,2

391,85

397,2

391,85

119,32

118,29

T

East -90º

West 90º

36,189

43,794

30,86

37,47

F
West 90º

South 0º 135,88

223,17

D

North -180º

U 55,0371,409North -180º

V

East -90º

North -180º

South 0º

42,415

40,61

40,61

36,57

25,02

26,00
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Table 13. Transmission calculation per building (m
2
) 

 
Table 14.  Internal heating coming from people calculation (Wh). 

 
Table 15. Internal heating coming from equipment calculation (Wh). 

 
 
 
 
 
 

Building Power/m2 m2 Percentage usage Hour/year Total

V 451,40 0,60 7,87E+06

D 527,17 0,50 7,65E+06

E 527,17 0,50 7,65E+06

C 512,57 0,50 7,44E+06

T 188,30 0,70 3,83E+06

U 281,24 0,70 5,72E+06

F 228,64 0,70 4,65E+06

C1 20,05 0,40 2,33E+05

C2 28,10 0,40 3,26E+05

C3 23,10 0,40 2,68E+05

C4 66,71 0,40 7,75E+05

C5 264,88 0,40 3,08E+06

4,95E+07

5808,005

Basement Roof Floor UA Glass roof

F 268,18 451,40 451,40 0,00

D 340,79 527,17 527,17 0,00

C 340,79 527,17 527,17 0,00

E 175,83 512,57 512,57 0,00

U 0,00 118,25 188,30 193,25

V 0,00 279,02 281,24 77,63

T 0,00 228,64 228,64 0,00

C1 0,00 20,26 20,05 0,00

C2 0,00 28,34 28,10 0,00

C3 0,00 23,33 23,10 0,00

C4 0,00 69,15 66,71 0,00

C5 161,29 40,11 264,88 0,00

TOTAL 1286,88 2825,41 3119,33 270,88

Building
Total Area

IH Number people Power/person Hours/year Total

Living 130 115 4646,4 6,95E+07

Working 40 160 1076,734249 6,89E+06

7,64E+07
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Table 16. Internal heating coming from lighting calculation(Wh). 

 
  

Building Power Percentage usage Hours/year Transformation to heat Energy

V 7232 0,65 2,32E+07

D 1404 0,5 3,47E+06

E 1044 0,5 2,58E+06

C 1404 0,5 3,47E+06

T 3144 0,7 1,09E+07

U 3438 0,8 1,36E+07

F 1284 0,65 4,12E+06

C1 144 0,4 2,84E+05

C2 180 0,4 3,55E+05

C3 144 0,4 2,84E+05

C4 432 0,4 8,53E+05

C5 252 0,4 4,98E+05

6,36E+07

5808 0,85
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Table 17. Tables of results for Ventilation (Wh). 

 

 
 
 

  

T U V F C D E T

1 January -5,10 744,00 0,00 0,00 0,00 9151425,88 12671205,06 12671205,06 11967249,23 4,65E+07

2 February -4,90 672,00 0,00 0,00 0,00 8202464,52 11357258,57 11357258,57 10726299,76 4,16E+07

3 March -2,20 744,00 0,00 0,00 0,00 8134600,78 11263293,39 11263293,39 10637554,87 4,13E+07

4 April 3,30 720,00 0,00 0,00 0,00 6005941,34 8315918,78 8315918,78 7853923,30 3,05E+07

5 May 8,70 360,00 0,00 0,00 0,00 2086810,13 2889429,41 2889429,41 2728905,55 1,06E+07

6 June 13,80 - - - - - - - - 0,00E+00

7 July 16,60 - - - - - - - - 0,00E+00

8 August 15,30 - - - - - - - - 0,00E+00

9 September 10,70 360,00 0,00 0,00 0,00 1747491,41 2419603,49 2419603,49 2285181,07 8,87E+06

10 October 5,30 744,00 0,00 0,00 0,00 5504880,70 7622142,51 7622142,51 7198690,15 2,79E+07

11 November 0,90 720,00 0,00 0,00 0,00 6820306,27 9443500,99 9443500,99 8918862,05 3,46E+07

12 December -2,10 744,00 0,00 0,00 0,00 8099537,85 11214744,71 11214744,71 10591703,34 4,11E+07

0,00E+00 0,00E+00 0,00E+00 5,58E+07 7,72E+07 7,72E+07 7,29E+07 2,83E+08

TOTAL

1,20 1007,00 21,00 0,55 0,00 0,00 0,00 0,39 0,54 0,54 0,51

Efficiency T outside Hours/Month
Flow-Rooms Heat losses

Month Air density Cp air T inside

T U V F C D E T U V F C D E

1 January -5,10 372,00 5105864,16 3379183,15 3292848,54 2474716,04 0,00 0,00 0,00 1,43E+07

2 February -4,90 336,00 4576409,20 3028777,18 2951395,08 2218099,21 0,00 0,00 0,00 1,28E+07

3 March -2,20 372,00 4538545,92 3003718,35 2926976,48 2199747,59 0,00 0,00 0,00 1,27E+07

4 April 3,30 360,00 3350900,84 2217706,40 2161046,32 1624118,43 0,00 0,00 0,00 9,35E+06

5 May 8,70 180,00 1164296,05 770559,00 750872,03 564312,33 0,00 0,00 0,00 3,25E+06

6 June 13,80 - - - - - - - - 0,00E+00

7 July 16,60 - - - - - - - - 0,00E+00

8 August 15,30 - - - - - - - - 0,00E+00

9 September 10,70 180,00 974979,62 645264,86 628779,01 472554,23 0,00 0,00 0,00 2,72E+06

10 October 5,30 372,00 3071343,57 2032688,71 1980755,63 1488622,29 0,00 0,00 0,00 8,57E+06

11 November 0,90 360,00 3805260,27 2518412,36 2454069,55 1844337,87 0,00 0,00 0,00 1,06E+07

12 December -2,10 372,00 4518983,22 2990771,29 2914360,20 2190265,92 0,00 0,00 0,00 1,26E+07

3,11E+07 2,06E+07 2,01E+07 1,51E+07 0,00E+00 0,00E+00 0,00E+00 8,68E+07

1,20 0,00

TOTAL

1007,00 21,00 0,55 0,97 0,64 0,62 0,47 0,00 0,00

Month Air density Cp air T inside Efficiency T outside Hours/Month
Flow-Building Heat losses
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Table 18. Table of results for Radiation (Wh). 

 
Table 19. Table of results for Transmission (Wh). 

 

Table 20. Table of results for Internal heating (Wh). 

Table 21. Table of results for Natural ventialtion (Wh). 

  

North -180º West 90º East -90º South 0º Horizontal

North -180º West 90º East -90º South 0º Horizontal Ag·Cf·Sf Ag·Cf·Sf Ag·Cf·Sf Ag·Cf·Sf Ag·Cf·Sf North -180º West 90º East -90º South 0º Horizontal

1 January 70 90 90 200 500 31 45,00% 4,27E+05 4,04E+05 1,01E+05 2,97E+06 2,56E+05 3,90E+06

2 February 340 1030 1030 4020 1600 28 49,00% 2,04E+06 4,54E+06 1,14E+06 5,86E+07 8,06E+05 6,64E+07

3 March 710 2460 2460 5970 3350 31 58,00% 5,58E+06 1,42E+07 3,57E+06 1,14E+08 2,21E+06 1,37E+08

4 April 1170 4220 4220 6390 5900 30 58,00% 8,90E+06 2,36E+07 5,92E+06 1,18E+08 3,77E+06 1,57E+08

5 May 1840 5130 5130 5710 7500 15 63,00% 7,60E+06 1,56E+07 3,91E+06 5,74E+07 2,60E+06 8,45E+07

6 June 2420 5650 5650 5430 8500 - 61,00% - - - - - 0,00E+00

7 July 2270 5540 5540 5560 8100 - 61,00% - - - - - 0,00E+00

8 August 1400 4550 4550 5940 6500 - 59,00% - - - - - 0,00E+00

9 September 880 3200 3200 6080 4100 15 58,00% 3,35E+06 8,95E+06 2,25E+06 5,62E+07 1,31E+06 7,08E+07

10 October 470 1500 1500 4870 2100 31 51,00% 3,25E+06 7,62E+06 1,91E+06 8,19E+07 1,22E+06 9,47E+07

11 November 160 300 300 1810 900 30 42,00% 8,81E+05 1,22E+06 3,05E+05 2,42E+07 4,17E+05 2,67E+07

12 December 40 60 60 130 400 31 43,00% 2,33E+05 2,57E+05 6,45E+04 1,84E+06 1,96E+05 2,40E+06

3,22E+07 7,64E+07 1,92E+07 5,16E+08 1,28E+07 6,43E+08

Month
Value W·h/m2·day

Days/month Cloudy factor
Solar radiation Wh

TOTAL

436,98 321,45 80,67 1063,29 36,74

East -90º North -180º West 90º South 0º East -90º North -180º West 90º South 0º East -90º North -180º West 90º South 0º East -90º North -180º West 90º South 0º

1 January -5,10 744 3668419,63 6170083,85 3190787,07 4389025,78 23820982,80 10205354,26 37501665,92 5050039,38 10612209,49 9840275,03 26475837,64 1,41E+08

2 February -4,90 672 3288021,16 5530274,14 2859916,92 3933903,71 21377361,60 9147105,31 33654643,04 4526373,20 9511771,50 8819883,14 23730413,37 1,26E+08

3 March -2,20 744 3260817,45 5484518,98 2836255,17 3901356,25 21599733,60 9071426,01 34004726,01 4488923,89 9433075,10 8746911,13 23534077,90 1,26E+08

4 April 3,30 720 2407527,90 4049332,01 2094064,93 2880450,73 16826148,00 6697618,48 26489611,55 3314263,88 6964631,36 6458022,54 17375688,77 9,56E+07

5 May 8,70 360 836513,93 1406971,29 727598,83 1000834,58 6411726,00 2327138,62 10094059,03 1151566,26 2419914,29 2243889,19 6037315,59 3,47E+07

6 June 13,80 0 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00E+00

7 July 16,60 0 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00E+00

8 August 15,30 0 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00E+00

9 September 10,70 360 700495,41 1178195,47 609290,08 838097,25 5670486,00 1948742,10 8927115,79 964319,72 2026432,29 1879029,16 5055638,26 2,98E+07

10 October 5,30 744 2206673,88 3711506,38 1919362,34 2640141,94 15855123,60 6138852,94 24960915,90 3037763,15 6383589,61 5919245,90 15926078,58 8,87E+07

11 November 0,90 720 2733972,36 4598393,97 2378005,94 3271020,32 18605124,00 7605770,14 29290275,32 3763655,60 7908988,16 7333686,62 19731714,37 1,07E+08

12 December -2,10 744 3246762,20 5460878,81 2824029,93 3884540,06 21523138,80 9032325,03 33884141,88 4469575,08 9392415,29 8709208,93 23432637,91 1,26E+08

2,23E+07 3,76E+07 1,94E+07 2,67E+07 1,52E+08 6,22E+07 2,39E+08 3,08E+07 6,47E+07 6,00E+07 1,61E+08 8,75E+08

21188,91 317,74 164,32 226,02 1029,50 525,55 1620,75 260,06 546,50 506,75 1363,44

TOTALWalls
Basement Roof Floor

Windows Walls
Basement Roof Floor

Month

U-Value · Area

T outside (ºC) T inside (ºC) Time (hour)

Heat losses

Windows

Heat gain Heat loss Natural ventilation

1392,35 1575,23 182,88

Heat gain Heat loss Natural ventilation

1392,35 1575,23 182,88
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Table 22. Table of results for Hot tap water (Wh). 

 

Table 23. Table of results for DHS (MWh). 

 
  

1000,00 4180,00 50,00 2533,333333 2,78E-04 1,47E+08

Water density Cp water Diff temp Flow Cf Heat loss

Consumption (MWh) Cost (kr)

1 January 117,57 55024,16

2 February 99,15 46400,33

3 March 96,87 45334,69

4 April 61,98 29008,51

5 May 44,02 20599,49

6 June 20,33 9514,44

7 July 10,01 4683,28

8 August 8,11 3795,95

9 September 24,75 11581,13

10 October 68,25 31942,40

11 November 89,18 41737,64

12 December 102,22 47839,43

TOTAL 742,44 347461,45

SUMMARY
District heating
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Table 24. Table of results for the total balance (MWh). 

 
 

Mech ventil Transmission Nat ventilation Hot tap water Internal heat Radiation DHS

369,89 875,46 182,88 147,00 189,43 643,36 742,44

Heat loss Heat in

1575,231575,23

Balance



Ximo Masip Sanchis 
2016 

 
 

20 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
  

DATUM FROM 
SUPERVISOR ROLAND 

FORSBERG 



Energy audit of a residential building:  
cost and CO2 emissions savings 

21 

Table 25. Average temperatures for each month of the year. 
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Table 26. Wh/m
2
day values for each month of the year. 
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Table 27. Horizontal Wh/m
2
day values for each month of the year. 
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Table 28. Calculation factor and U-Values depending on the window type. 
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Table 29. Cloudy days factor for each month of the year. 
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Table 30. Percentage of glass. 
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Table 31. Facade orientation. 
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Table 32. U-Values I. 
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Table 33. U-Values II. 
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DRAWINGS 
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INVOICES 
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