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Abstract
One of the biggest threats for the climate change is the emission of greenhouse
gases. Almost one quarter of the final consumption of the energy worldwide is
related to the energy used in buildings so a big amount of these gases is emitted
in this sector. Last decades some new laws and strategies have been
implemented to improve the energy performance, energy use or enable the
change of energy sources used for this sector. New buildings have to accomplish
the last changes in the laws but with the older buildings the laws are not that
strict. That is why energy analysis have to be carried out in the old buildings
and the results have to be analysed in order to make some improvements.
During this work, the analysis will be discussed and some actions will be
proposed in order to make the house as close as possible to a nearly zero-energy
building. The aim of the work is to improve the energy efficiency and
performance of the building as well as changing the energy sources.
Different data will be collected from the residential building that is to be studied
and it will be analysed. The results are expected to be poor due to the fact that
the building studied is very old, regarding energy performance and efficiency of
the building, so different improvements are going to be examined. After the
improvements are studied, a possibility to install solar photovoltaic (PV) system
will be analysed. This will mean a big step towards achieving a nearly zeroenergy building: some of the improvements will impact increasing the energy
performance and efficiency of the building and the suggestion of the PV system
will cover some of the electricity needed for the necessities of the house too.
After analysing the building on IDA ICE, we see that the energy consumed per
year is 35.2 MWh, being the biggest part the one used for zone heating (82%).
As expected, the losses are quite high and most of them happen through the
wall and the thermal bridges. This poor performance of the building leads us to
propose different measures for the improvement of energy use in the house. In
order to reduce the consumption a heat pump will be suggested; to reduce the
losses decreasing indoor temperature, improving thermal bridges and the
option to change the windows will be suggested and to reduce the electricity
purchased a PV system will be analysed too.
When it comes to the residential building studied in this work, the combination
of proposals is the best option to achieve the objectives: installing a heat pump,
set lower indoor temperature, improve the thermal bridges and implement a
PV system in the roof. This way the energy purchase will be reduced to 7 382
kWh and the emissions are down to less than 2 kg CO2/m2.

iii

iv

List of figures
Figure 1: Annual installed PV capacity in Sweden (Cnet.se, 2019). ..............................4
Figure 2: Residential building to be studied in Älvkarleby..........................................6
Figure 3: Outline of the methodology to be used during the project. .......................... 12
Figure 4: Floor plan of the building in IDA ICE (ground floor).................................. 13
Figure 5: Estimation of the electrical demand. ..................................................... 15
Figure 6: Frontal plan of the building. ............................................................... 14
Figure 7: Breakdown of the use of the energy purchased. ........................................ 17
Figure 8: Monthly purchased energy depending on the use. ..................................... 18
Figure 9: Energy consumption for the heating. ..................................................... 18
Figure 10: Internal gains and losses of the building. ............................................... 19
Figure 11: Losses through the envelope and thermal bridges. ................................... 20
Figure 12: Percentage of losses through different parts of the envelope. ...................... 21
Figure 13: PPD index in the room. ................................................................... 22
Figure 14: PPD index in the living room. ........................................................... 23
Figure 15: Energy rating of the buildings depending on the kg CO2/m2 emitted............. 25
Figure 16: House with solar panels. .................................................................. 30
Figure 17: Characteristics of the installed solar panel. ............................................ 31
Figure 18: Energy consumption of the building, electricity production of the solar panels and
amount of electricity sold to the grid................................................................. 31
Figure 19: Breakdown of the use of the energy purchased in the combined scenario. ....... 32
Figure 20: Energy consumption of the building, electricity production of the solar panels and
amount of electricity sold to the grid in the combined scenario. ................................ 33

List of appendix figures
Figure 1: Front side of the house (East). .............................................................A1
Figure 2: Back side of the house (West). ............................................................A1
Figure 3: Frontal plan of the house. ..................................................................A2
Figure 4: Floor plan of the house (ground floor). ..................................................A2
Figure 5: External wall materials for the old house. ...............................................A3
Figure 6: Roof materials for the old house. .........................................................A3
Figure 7: Materials of the interior walls. ............................................................A3
Figure 8: Electric bill (March 2019). .................................................................A4
Figure 9: Water bill (January-April). ................................................................A5
Figure 10: Base model floor plant. ................................................................... B1
Figure 11: Base model 3D.............................................................................. B1
Figure 12: Base model building defaults. ............................................................ B2
Figure 13: Base model thermal bridges. ............................................................. B2
Figure 14: Base model setpoints for the different zones........................................... B2
Figure 15: Breakdown of the use of the energy purchased with a heat pump................. D1
Figure 16: Breakdown of the use of the energy purchased with better thermal bridges. .... E1
Figure 17: Losses through the envelope and thermal bridges with better thermal bridges. . E1
Figure 18: Percentage of losses through different parts of the envelope with better thermal
bridges. .................................................................................................... E2
Figure 19: Breakdown of the use of the energy purchased with lower indoor temperature. F1
Figure 20: Internal gains and losses with lower indoor temperature. ........................... F2

v

Figure 21: Breakdown of the use of the energy purchased with different windows. ........ G1
Figure 22: Losses through the envelope and thermal bridges with different windows. ..... G2
Figure 23: Percentage of losses through different parts of the envelope with different
windows. ................................................................................................ G2
Figure 24: Internal gains and losses in the combined scenario. ................................. H1
Figure 25: Percentage of losses through different parts of the envelope in the combined
scenario. ................................................................................................. H1

vi

List of tables
Table 1: Delivered energy overview. ................................................................ 17
Table 2: Minimum and maximum temperatures of the different zones. ....................... 22
Table 3: Carbon emissions in the building studied. ................................................ 25
Table 4: Economic analysis of the implementation of a heat pump. ............................ 27
Table 5: Economic analysis of the improvement of the thermal bridges. ...................... 28
Table 6: Economic analysis of the scenario with a lower indoor temperature. ................ 29
Table 7: Economic analysis of the combined scenario. ............................................ 33

List of appendix tables
Table 1: Different information regarding the building. ...........................................A4
Table 2: Prices for electricity and wood in Sweden............................................... C1
Table 3: Delivered energy overview with a heat pump. ......................................... D1
Table 4: Carbon emissions with a heat pump. ..................................................... D1
Table 5: Delivered energy overview with better thermal bridges. .............................. E1
Table 6: Carbon emissions with better thermal bridges. .......................................... E2
Table 7: Delivered energy overview with lower indoor temperature. ......................... F1
Table 8: Minimum and maximum temperatures with lower indoor temperature. ........... F2
Table 9: Carbon emissions with lower indoor temperature. ..................................... F2
Table 10: Delivered energy overview with different windows. ................................ G1
Table 11: Carbon emissions with different windows. ............................................ G2
Table 12: Economic analysis of the scenario with different windows. ......................... G3
Table 13: Delivered energy overview in the combined scenario. .............................. H1
Table 14: Minimum and maximum temperatures in the combined scenario. ................ H2
Table 15: Carbon emissions in the combined scenario. .......................................... H2

vii

viii

Table of contents

1

Introduction ................................................................................. 1
1.1
Background............................................................................ 1
1.2
Literature review .................................................................... 2
1.3
Aims .................................................................................... 5
1.4
Project benefits ....................................................................... 6
1.4.1
Environmental benefits ....................................................... 7
1.4.2
Economic benefits ............................................................. 7
1.4.3
Social benefits .................................................................. 7
1.5
Regulation ............................................................................. 7
1.5.1
Regulations in the European Union ........................................ 7
1.5.2
Application of European regulations in Sweden ......................... 9
1.6
Approach ............................................................................. 10
2 Method ...................................................................................... 11
2.1
Building to be studied .............................................................. 12
2.2
Consumption ........................................................................ 14
3 Results and Discussion ................................................................... 17
4 Analysis of the results..................................................................... 25
5 Proposals for the improvement ......................................................... 27
5.1
Implement a heat pump ............................................................ 27
5.2
Improve thermal bridges........................................................... 28
5.3
Lower indoor temperature ........................................................ 28
5.4
Changing windows.................................................................. 29
5.5
Install a PV solar system on the roof ............................................. 30
5.6
Combination of the cost-effective measures ................................... 32
6 Conclusions ................................................................................ 35
References ........................................................................................ 37
Appendix A: Information about the building .............................................. A1
Appendix B: Base model IDA ICE ............................................................ B1
Appendix C: Calculations ..................................................................... C1
Appendix D: Heat pump model results from IDA ICE .................................. D1
Appendix E: Results of the model with better thermal bridges from IDA ICE ...... E1
Appendix F: Results of the model with lower indoor temperature from IDA ICE .. F1
Appendix G: Results of the model with different windows from IDA ICE .......... G1
Appendix H: Results of the combined model ............................................. H1

ix

x

1 Introduction
1.1

Background

During the last 15 years, both in Europe and in Sweden, different politic measures
implemented with regard to energy issues are affecting the way society acts. About
Europe 2020 Strategy (European Commission, 2019), greenhouse gas emissions must
be reduced by 20% compared to 1990 levels, the share of energy production of
renewable energy must increase by 20% and the energy efficiency has to increase by
20% by 2020.
One of the biggest issues that society has to face today in terms of energy is the
building sector. The residential buildings consume 21% of the final energy
consumption (International Energy Agency) and this sector has the greatest potential
to reduce greenhouse gases. This could be achieved by applying the new laws referring
to new buildings and the improvements referred to the old ones. Taking care of the
demand in the building sector, the European Union can be more secure and less
dependent regarding energy supply in the future, due to the reduction of the
consumption on this sector.
Concrete actions have to be taken to use the great potential for energy savings in
buildings. However, those measures should take into account climatic and local
conditions not affecting the use, accessibility and safety of the buildings.
The energy performance of the buildings should be based on the seasons but should
cover the annual energy performance of the building, not forgetting the European
standards.
The European Union created the Energy Performance of Buildings Directive (EPBD)
and the Energy Efficiency Directive (EED) and both have been added to the national
legislations of the different EU members (Wickman, 2015). The EED sets targets to
meet the Europe 2020 Strategy with different techniques and other incentives for
renovating buildings improving their energy efficiency. The EPBD’s aim is to improve
the energy performance of the buildings, which would mean big energy savings.
To meet all the aims of this strategies, the Member States should set some minimum
requirements for the energy performance of buildings achieving a balance between
investments and energy savings. Measurements are needed to fulfil current minimum
energy performance requirements. The Member States should also start plans to
increase the number of nearly zero-energy buildings.
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In order to take the step of changing and improving existing buildings, it is necessary
to make an energy analysis of the building to see which are the possible improvements
or limitations. Once the analysis is done, the aim would be to improve the building
to meet the guidelines of the Europe 2020 Strategy, reducing buildings energetic
consumption, improving their efficiency and installing new renewable energy
sources.
In Sweden, the Swedish planning and building regulation says that by the year 2021
every new building has to be nearly zero-energy building (Wickman, 2015). This
means that every new building needs a high energy performance and that the biggest
part of the energy consumption has to be generated with renewable energies and
produced locally (Energy - European Commission, 2019). This work attempts to
analyse a residential building in Älvkarleby for a single family to bring it closer to the
nearly zero-energy buildings. In order to do this, apart from some improvements to
achieve a better energy performance of the building, some new energy sources that
can be installed on the site are going to be proposed.
However, improving the energy efficiency of a building is not so easy. Nair,
Gustavsson and Mahapatra (2010) faced several barriers in the moment of starting
such a change: uncertainties on the cost and payback period, not having enough
information about financial support and regulations, the belief that the measures were
not cost effective and that the comfort level would be affected were only some of the
problems. But these are sometimes not correct facts, several energy efficient
measures are economically viable, the occupants are satisfied with the comfort level
and the buildings acquire an attractive value for a future sale or rent.
1.2

Literature review

As explained in the previous section, in recent years the concern for energy efficiency,
the reduction in consumption and the increase in renewable sources of energy to
reduce the consumption of fossil fuels has increased. To this end, different measures
are being taken in every aspects of life, such as, changing the fuel of vehicles,
increasing the percentage of renewable energy or implementing new technologies to
increase the efficiency in the different uses of energy, among others.
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All this together with new European plans and objectives, such as Kyoto protocol or
Europe 2020 Strategy, has led society to look for the most efficient ways to reach the
proposed objectives. This is where the building sector comes in – a sector with high
energy consumption and great possibilities for reducing this consumption and
increasing the efficiency. So much so that in Sweden the Swedish Environmental
Objectives Council program sets targets of 20% reduction in net energy use per area
by 2020 and a 50% reduction in consumption by 2050 compared to 1995 (Mata et al.,
2013). In order to reach these objectives, it is necessary to know that regarding the
building sector in Sweden, in 2050 80% of the demand will be for buildings that are
already constructed today. Therefore, while taking into account that the laws for new
construction will help in this task, it is necessary to re-equip the buildings that are
already constructed.
In order to carry out a plan to improve existing buildings in terms of the three
guidelines mentioned above (improvement of energy efficiency, reduction of demand
and implementation of renewable energies as energy sources) in the last decade many
energy audits are being carried out. This analysis of the buildings provides valuable
information for later implementation the improvement measures, such as, energy
demand of the building, distribution of this demand, hours of maximum
consumption, energy losses as well as where these losses occur, excessive or
unnecessary use of energy... Thus, it is possible to analyse the potential energy savings
of buildings in reliable data and to propose different changes so that such savings can
occur. In order to do a correct energy audit, the load details have to be collected
together with the use of it, the unnecessary usage of power has to be identified and
calculated, the equipment’s daily utilization has to be studied and finally energy
savings and conservations opportunity have to be studied (Kumar et al., 2015).
After the energy audit is done, some recommendations and implementations are
normally suggested to achieve a suitable new energy analysis in this kind of projects.
The improvements or modifications can be divided in two different parts: the first
group of measures will improve the energy performance and the efficiency of the
building while the second group of changes is about installing a new source of
renewable energy in the building area. Both groups together mean that a building is
getting closer to the performance of a nearly zero-energy building.
The first group of measures appear in almost every energy audit that is being carried
out in old buildings for the reason that every constructed building has an issue with
energy demand and consumption. Among other measures changing the U-value of
different envelopes, replacement of windows, improving the ventilation system with
heat recoveries, reducing the demand of lighting and appliances and decreasing indoor
air temperatures in winter appear as some cost-effective measures (Mata, Sasic
Kalagasidis and Johnsson, 2013).
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The second group of measures regarding new sources of energy will be focused in
photovoltaic solar energy during this work. Solar energy is one of the keys to provide
on-site energy to buildings so as to reach a zero-energy balance (Good, Andresen and
Hestnes, 2015). PV systems converts solar irradiation into electricity so it can be used
for different purposes in the building. It is one of the most convenient renewable
sources for micro-scale production and in addition the prices of installation and
materials are decreasing in recent years (PV solar cell prices decreased by more than
95% since 1980); this makes it a highly valued choice for residential buildings. The
most important reasons why such systems are usually installed are the reduction of
electricity consumption to the grid thus reducing the bill, a more environmentally
responsible energy consumption and the interest in new technologies. To this, can be
added the lowering of the price of batteries, which would increase the use of the
produced electricity through the panels increasing the self-consumption. On the other
hand, there are also limitations in the installation of such systems in different
countries, such as the lack of aids or laws protecting this type of energy sources,
making it more comfortable to continue buying electricity from the grid.
In Sweden, by 2013, less than 0.1% of households had adopted a PV system but since
then this number has been increasing as can be seen in Figure 1. This has been partly
due to the system of subsidies introduced in 2008 (Yang et al., 2017), whereby a
percentage of the cost of installation was covered by the government – although the
fall in the price of the cells has also reduced the percentage of aid. In addition, the
surplus energy is sold to the grid without any problem (Palm, 2017).

F IGURE 1: A NNUAL INSTALLED PV CAPACITY IN S WEDEN (C NET . SE , 2019).
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Palm (2015) studied that taking into account the houses that are built in Sweden, it is
estimated that the potential of PV systems that are able to be installed in houses can
correspond to between 7 and 30% of the country’s total electricity production.
Bearing in mind that in 2013 the production was 0.03% it can be seen that the
possibility of an increase is very great. Moreover, while it is true that almost half of
Sweden’s energy production is based on nuclear power, it is also true that by 2020
several plants are planning to close down. This production gap left by nuclear plants
could be covered to a large extent by the installation of PV systems in buildings
because of the potential that is estimated by Palm (2015).
Summarizing everything that has been explained before, the reduction of the energy
usage and the increase of the efficiency in the residential sector appears to be one of
the keys to decrease the energy demand in the next years. This is so important due to
the need of decreasing the global greenhouse gas emissions and to reduce the impact
that energy production has on the planet. A lot of work has been done in this area,
however, there is a big possibility to continue in this way. That is one of the objectives
of this project, to notice and make known the possibility to improve the energy usage
in the residential buildings (Ramos et al., 2015). To do so, an energy analysis of the
building will be carried out with IDA ICE program and then the possible
improvements will be analysed. These improvements will be analysed from an energy
view, economic view and social view. Those improvements, as has been explained
before, will be focused in improving the energy performance and finding some new
sources to produce the energy needed in a cleaner and renewable way.
1.3

Aims

As explained in the background, this work consists of doing an energy audit in a house
in order to find solutions to improve the energy performance of the building. The
building to be evaluated is the one that can be seen in Figure 2 and is located in the
municipality of Älvkarleby in the county of Uppsala, in the centre east of Sweden.
The building consists of two parts, one dating back to 1800s and the other was built
4 years ago. This is why it is expected a low performance and low efficiency in the
results to be obtained, mostly because of the old building.
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F IGURE 2: R ESIDENTIAL BUILDING

TO BE STUDIED IN

Ä LVKARLEBY .

To achieve the energy performance of the house, the IDA ICE simulation program
will be used – a program that simulates the study of indoor thermal comfort and
energy consumption of the building throughout the year in a quite effective way.
Once obtained the results, they will be compared with the invoices of the last year to
be able to see if these two data correspond together. This way, the efficient use of the
energy and if the data obtained in the program is similar to the reality of the
consumption will be seen.
At the end of the analysis of the energy performance, the best options in terms of
improving it will be evaluated. The impact that these modifications may have on
energy performance will be studied and the energy analysis will be carried out again.
With the new energy analysis, the costs of the proposed modifications will be
analysed. By analysing the cost of the improvements and the impact on the use of
energy they may have, will be seen if the measures are cost-effective.
1.4

Project benefits

Everything that is going to be studied later in this project, both the energy analysis
and subsequent improvements, will have several benefits for both the homeowner and
the environment. These positive aspects of the work can be divided into three groups:
environmental benefits, economic benefits and social benefits.
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1.4.1

Environmental benefits

The changes proposed during the work help to improve the energy efficiency and the
performance of the building as well as the use of a renewable source of energy to meet
part of the building’s demand. All this leads to a reduction in the use of fossil fuels for
energy generation and a reduction of the overall energy consumption, helping to
reduce the human impact on the environment.
This would help in the achievement of the aims of the Europe 2020 Strategy.
1.4.2

Economic benefits

Once the project is completed, the building would have a better performance, higher
efficiency and part of the demand would be self-sufficient thanks to the
implementation of a renewable energy in the house. Then, the energy consumption
would be lower – which means a lower economic cost and savings in the next
invoices.
It has to be taken into account that having a better energy performance in the house
can also help in a possible future transaction of the building, either permanent (sale)
or temporary (rent) (Bio Intelligence Service, Ronan Lyons and IEEP (2013)).
1.4.3

Social benefits

Using a renewable source of energy to meet part of the building’s demand means a
reduction in the use of nuclear power plants – four reactors would close by 2020 due
to a discriminating tax against nuclear power in Sweden (World nuclear association,
2019).
In addition to the direct positive impact of carrying out this type of changes in
buildings, it is important to highlight the indirect influence that these actions can have.
Both the presence of organizations and private owners promoting and implementing
this type of improvements and new technologies encourages the rest of society to take
the same path. In Sweden in different areas the presence of PV system is different, for
example, and is affected by contact with acquaintances or neighbours, companies or
actions that occur in their surroundings regarding these systems (Palm, 2016).
1.5
1.5.1

Regulation

Regulations in the European Union

On 19 May 2010 the European Parliament and Council issued a new directive on the
energy performance of buildings: Directive 2010/31/EU. In the following lines,
some of the interesting points of this directive will be shown.
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• Member States have to take measures to ensure that when an improvement in
a building is carried out, some minimum requirements are fixed. These
measures are different for new and existing buildings, for different building
categories, different climate conditions, function of the building or the age.
• For new buildings, high-efficiency alternative systems have to be taken into
account – decentralized energy supply from renewable sources, cogeneration,
district heating or cooling or heat pumps for example.
• In existing buildings if a major renovation happens, the energy performance
should be upgraded to meet minimum energy performance requirements.
• By 31 December 2020 all new buildings are nearly zero-energy buildings and
by 31 December 2018 new public buildings are nearly zero-energy buildings.
• Member States must draw up national plans to increase the nearly zero-energy
buildings. For that purpose, nearly zero-energy building should be defined
depending on the local conditions.
• Member States shall consider providing appropriate financing and other
instrument to help in the transition to nearly zero-energy buildings.
On 30 May 2018 the Directive 2010/31/EU was modified to the Directive
2018/844. Some of the most important changes are explained below.
• State Members have to plan a strategy to change the national stock of
residential and non-residential buildings into a highly energy efficient and
decarbonized building stock by 2050. The roadmap must include some aims
for 2030, 2040 and 2050 and the specifications about contributing to achieve
Union’s energy efficiency targets.
• Best practices to facilitate transition to a highly energy efficient building stock
in the Union should be shared by the Directives.
• The Directive does not prevent Member States from setting more ambitious
energy performance requirements for buildings as long as these are
compatible with Union law.
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1.5.2

Application of European regulations in Sweden

In Sweden, energy sources were first taxed in the 1920s and this has been used to
contribute public activities. However, in the last 30 years the energy taxation has been
strengthened and a carbon tax has appeared. Previously, the idea of those taxes was
to have some incomes in the governments from those who used the resources but in
the last years was changed to use it as an instrument to contribute to a more efficient
energy consumption, to promote the use of biofuels and other sources that are
subsidized, to incentive the reduction of the environmental impact of different
companies and also to make the population aware of the need to reduce energy
consumption and improve its use. The carbon tax remains a cornerstone of Swedish
climate policy contributing to a broad range of environmental and climate objectives.
The framework for these emissions is established by the Energy Tax Directive 1 but
the Swedish tax rates tend to be significantly higher than the minimum levels
stipulated in there.
The main taxes on energy use in Sweden are the following:
• Oil products, natural gas and coal and coke consumption.
• A CO2 tax applied to the same fossil fuels mentioned above.
• Electricity output: industrial and agricultural users pay a higher tax rate than
households and commercial users.
These taxes vary depending on the use, the user and the place where it is used.
The aim of energy policy in Sweden is to secure the supply of energy on competitive
terms. So as to achieve this, efficient and sustainable conditions must be created taking
into account that a low impact on health and environment is a key part.
Based on the legislation that has been adopted in the EU, these are some of the aims
that Swedish Parliament wants to achieve:
• For the year 2020 the energy consumption shall be 20% more efficient than
in 2008 and for the year 2030 50% more efficient than in 2005.
• Greenhouse gas emissions for 2020 shall be 40% lower than in 1990.
• For the year 2040 the electricity production should be 100% renewable.
• By 2045, Sweden should have no net greenhouse gas emissions into the
atmosphere and even have negative emissions.
Council Directive 2003/96/EC restructuring the Community framework for the taxation of energy
products and electricity
1
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Regarding the energy use in the residential sector, the Swedish Government is
working in the National Board of Housing, Building and Planning to start with
regulations on what a major construction work of a building implies. This regulation
appears, because as previously explained, of the buildings that will be built in 50 years
from now, 80% is currently built. Therefore, to improve the efficiency of this sector
and decrease consumption, it is necessary to draw up action plans and regulations like
these ones. In addition, in the next 20 years it is estimated that one million house units
will be renovated. Here appears a great opportunity to implement the plans
mentioned above with all the improvements and new technologies that have been
appearing in the last decades. That is why the Governments also wants the Swedish
Energy Agency, the Swedish Environmental Protection Agency, the National Board
of Housing, Building and Planning and the Swedish Consumer Agency to run a
targeted national energy efficiency campaign. The aim is to show to the householders
the need and the possibility to increase energy efficiency with new and more efficient
technologies.
1.6

Approach

To carry out this study, an analysis of the building has to be done – the information
provided by the owners will be used to simulate the performance of the house on IDA
ICE. After the analysis is done, some improvements will be studied to see if some of
them are cost-effective and possible to implement in this study case.
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2 Method
The methodology used so as to carry out this project can be summarized as follows:
understand the use of IDA ICE to analyse the energy performance of the building,
collection of data about the building it is going to be studied, put all the data in the
program to get the energy audit and finally propose some improvements that are
going to be analysed too. All this is summarized in Figure 3.
To start the project, it was necessary to contact the homeowners in order to get all
the information needed to carry out the energy analysis. During the work, the house
had to be visited on several occasions to be able to take photographs and ask for
different documents. The necessary documents to carry out the correct analysis were
the plans of the house with the materials of the building and the invoices of the
electricity and the water consumption. The information that was collected about the
house is more detailed in the next section Building to be studied and the documents
can be found in Appendix A. For the oldest part of the house, as the plans could not
be obtained, the information about the materials was obtained by asking the owner of
the house about it. The rest of the information needed was to know what source was
used to heat the different zones, the types of cooling and ventilation systems, the
internal temperature of the building, the equipment, internal walls, windows, doors,
thermal bridges, the lights, the water consumption and the wood consumption that
was also provided by the assistant supervisor. All this information can be found in
Appendix A.
Once all the information could be collected, all the data was entered into the IDA ICE
software. Thus, the building was created in the program in order to perform the
analysis. The model that was created at IDA ICE was validated by comparing it to the
energy bill and wood consumption of the house over the past year. Once this was
done, the model was reliable in terms of results given by the program and on this
model could the various modifications suggested be implemented.
The different improvements suggested during the work were applied one by one
above the base model of the house in the same computer program. Once the changes
were applied, the energy analysis was performed again in the same way as for the base
model in IDA ICE. Finally, a suggestion to combine different improvements was also
analysed with the program.
Once all the results were obtained, both from the base model and from the different
suggestions for improvement, all the situations were analysed from the energy,
economic and environmental point of view. All this analysis was later commented so
as to draw conclusions regarding the proposals for improvement.
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Collect the details of the building

Economic analysis

Entering the data in the
programs
• Location of the building
• Use of the building
• Thermal envelope of the building
• Building facilities: ventilation, hot water,
lighting, appliances...

New energy analysis

Proposals
• Improvements
• PV system

Energy analysis

F IGURE 3: O UTLINE OF THE METHODOLOGY TO BE USED DUR ING THE PROJECT .

2.1

Building to be studied

The residential building that is studied in this work, and can be seen in Figure 2, is
located in Älvkarleby, in the county of Uppsala.
It is a single-family house that was built in the 1800s and a new house has been added
next to the kitchen, built in 2015. Now the building is occupied by two people.
The climate in this county is classified as humid continental climate Dfb by the Köppen
system (Encyclopedia Britannica, 2019). The annual average temperature is 5.7°C
and rainfall is 551 mm per year distributed throughout the year. The coldest and driest
month is February with an average temperature of -4.6°C and 27 mm of rainfall and
the warmest and most rainy is July with 16.3°C and 70 mm. However, this
information is already on IDA ICE as the region can be selected.
The building has a surface area of 211.5 m2, divided into two floors. The height from
the floor to ceiling is 2.44 m and the second is between 0 and 2.58 meters, due to the
inclination of the roof – this second floor is taken as an attic and it would not be
analysed as there is no information about it. The orientation of the building and the
different zones can be seen in Figure 4.
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F IGURE 4: F LOOR PLAN OF THE BUILDING IN IDA ICE ( GROUND FLOOR ).

Regarding heating and domestic hot water, the energy used is electrical energy
purchased from the grid. However, has to be taken into account that a certain amount
of wood is used for the heating too. Then, part of the heating is achieved with wood
and part with electric heating – with heaters in different rooms and chimneys in both
of the living rooms. When it comes to cooling, the building has no cooling system and
all the cooling during the warm period of the year is achieved opening doors and
windows.
All the available pictures and plans of the house can be found in the Appendix A, as
well as the rest of the information needed for the energy analysis.
When it comes to equipment and occupancy, the house living example given on IDA
ICE has been used as the schedule.
About the materials used in the simulation program, we had two different parts of the
house to study. The materials for the new house are shown in Figure 5. However, the
materials for the old house were directly asked to the owner and can be found in
Appendix A.
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F IGURE 5: F RONTAL PLAN OF THE B UILDING .

Finally, there is natural ventilation and there is no cooling system. Both are achieved
opening the windows or the doors when needed, so the air quality can be improved
and the house cooled down in warm periods.
2.2

Consumption

In the Appendix A we can see the invoices of the house regarding electricity and water
consumption.
In the invoice regarding the electricity purchase, we can read that the annual
consumption is 15 308 kWh and that the month of the invoice (March) the
consumption was 1 921 kWh. Taking into account the different periods of the year
and the information about March, the curve of the electricity demand could resemble
the one shown in the Figure 6.
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F IGURE 6: E STIMATION OF THE ELE CTRICAL DEMAND .

The 15 308 kWh of electricity purchased, cover the demand for light, appliances,
domestic hot water and part of the heating demand.
The rest of the heating demand is covered by burning the wood. The amount of wood
purchased reaches 7 m3. Taking into account the net calorific value in dry matter of
wood fuel (20 MJ/kg=5.55 kWh/kg (Wood energy, 2019)) and the density of the
wood (502 kg/m3 (Historia de Covaleda, 2019)) the next calculations can be done:
5.55 𝑘𝑊ℎ 502 𝑘𝑔 7 𝑚3
𝐴𝑛𝑛𝑢𝑎𝑙 𝑤𝑜𝑜𝑑 𝑒𝑛𝑒𝑟𝑔𝑦 =
∗
∗
𝑘𝑔
𝑚3
𝑦𝑒𝑎𝑟
= 19 502.7 𝑘𝑊ℎ/𝑦𝑒𝑎𝑟
Having the electricity and the wood purchase and the energy that this entails, we can
say that the energy used for lighting, appliances, domestic hot water and heating is the
total amount of energy purchased from the electric grid and the energy provided by
the wood.
15 308 𝑘𝑊ℎ 𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 19 502.7 𝑘𝑊ℎ 𝑤𝑜𝑜𝑑
+
𝑦𝑒𝑎𝑟
𝑦𝑒𝑎𝑟
= 34 810.7 𝑘𝑊ℎ/𝑦𝑒𝑎𝑟

𝐴𝑛𝑛𝑢𝑎𝑙 𝑒𝑛𝑒𝑟𝑔𝑦 𝑢𝑠𝑒 =

This amount has to be taken into account while running IDA ICE, to make sure that
the simulations correspond to the real performance of the building so as the analysis
is correct and the improvements can be checked correctly for future implementation
of them.
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Regarding water consumption, the invoice shows a demand of 22 m3/4 months. This
makes an annual consumption of 66 m3, of which a third would be for hot water –
therefore having a daily consumption of 0.12 m3.
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3 Results and Discussion
For the results section, all the information available about the house has been entered
into the IDA ICE program. All the information introduced to create the model, the
plans obtained and the figures in three dimensions of the model can be found in
Appendix B.
Using all this information, simulations have been made and some assumptions have
been modified in order to obtain a model that shows the real energy performance of
the building.
As a summary of the simulation carried out in the base model, which would be the
model of the house without any improvement implemented, we can observe the
energy consumption of the house and its breakdown in Table 1.
T ABLE 1: D ELIVERED ENERGY OVER VIEW .

Purchased energy

Lighting, facility
Water Pump
Zone heating
Domestic hot water
Equipment, tenant
Total

kWh/m2
11.4
0.2
6.3
-

kWh
2 401
46
28 860.2
2 547.1
1 334
35 188.3

Peak
demand
kW
0.36
0.02
-

0.2
-

Purchased
percentage
%
6.82%
0.13%
82.02%
7.24%
3.79%
100%

The total energy consumed per year is 35.2 MWh and can be seen in Figure 7 how
7% is due to light consumption, 82% for space heating, 7% for domestic hot water
and 4% to run the equipment. This means that the biggest part of the energy
consumption comes from the heating demand. We can also see in Table 1 that there
is no consumption for cooling or ventilation. As it has been explained before, this
building does not have a ventilation system nor a cooling system.

F IGURE 7: B REAKDOWN OF THE USE
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OF THE ENERGY PURCHASED .

In the Figure 8 below, can be observed the difference of energy purchase during the
year. The differences between the consumption of light, equipment and electricity
for domestic hot water during the different months of the year are not big, since the
use of all of them is scheduled with the house living example. On the other hand, the
heating demand varies greatly depending on the time of the year: due to the cold
climate during the winter in Sweden, the demand in January can be 4 399 kWh and
in summer the need to heat the house is almost nil. The consumption for the heating
during the different months can be seen in Figure 9.

F IGURE 8: M ONTHLY PURCHASED

ENERGY DEPENDING ON THE USE .

F IGURE 9: E NERGY CONSUMPTION
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FOR THE HEATING .

Figure 10, which can be seen below, offers the losses and internal gains of the building
being studied. The great heat losses that occur through the envelope and the thermal
bridges are quickly visible. As these are the biggest losses in the whole building, the
breakdown of these will be shown later. As for the internal gains, most of these is
thanks to the heaters that are installed in the house and to a lesser extent the occupants
of the building. Just as the gains by occupants are constant throughout the year, the
losses by the envelope vary depending on the temperature outside – therefore the
gains thanks to the heaters also vary, to be able to cope with these losses.

F IGURE 10: I NTERNAL GAINS AND

LO SSES OF THE BUILDING .

As stated above, the major losses that occur in the building are the losses through the
envelope and thermal bridges. That is why these losses have to be analysed and so as
to have a better understanding in Figure 11 the distribution of these losses is shown.
It has already been said that losses vary depending on the time of year, as they vary
depending on the temperature difference between indoor and outdoor. The greater
this difference the greater the losses will be, which is why in winter the losses can be
almost three times greater than the losses in summer.
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F IGURE 11: L OSSES THROUGH THE

ENVELOPE AND THERMAL B RIDGES .

These losses vary quite a lot during the year: the increase of the total losses as well as
each different loss is quite big in the coldest times. The biggest losses every month
and also during the whole year are the ones through the walls and thermal bridges. As
can be seen in Figure 12, 29% of the losses happen through the walls and 46% of the
losses is due to the thermal bridges. Thermal bridges can normally account for 20 to
30% of the heat loss in a typical new build home. However, as the studied building is
old this high percentage regarding losses due to poor thermal bridges is reasonable.
In this residential building, the thermal bridges are quite poor, what is normal taking
into account that the first building is from the 1800s.
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F IGURE 12: P ERCENTAGE OF LOSSES THROUGH DIFFERENT PARTS OF THE ENVELOPE .

When it comes to the places of the house with the highest heating demand, we can
say that the hall is the one with the highest heating demand per square meter, around
170 W/m2. The reason could be that the hall is the room with the bigger opening
towards the outside.
Regarding the minimum and maximum temperatures that different parts of the
building have, we can see in Table 2 that the minimum temperatures are all around
the 21°C, the value that is wanted inside the building. However, the maximum
temperatures rise more than desired. This happens due to the lack of a cooling system,
which causes house temperatures to rise due to internal gains such as occupancy or
lighting, due to solar radiation and due to outdoor higher temperatures. Even if the
program shows these results, in the real case the windows are opened for natural
ventilation, so the maximum temperatures would never be so high, but simulating
this is quite difficult in the program.
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T ABLE 2: M INIMUM AND MAXIMUM TEMPERATURES OF THE DIFFERENT ZONES .

Minimum
temperature °C
Room
19.41
KLK
26.17
Livingroom2
20.2
Livingroom
20.59
Kitchen
20.54
Hall
20.45
Toilet
21.13
Zone 8
20.3
Bathroom
20.19
Zone

Maximum
temperature °C
27.31
35.34
29.92
30.32
29.0
27.94
31.36
31.88
28.52

Regarding thermal comfort, Fanger’s comfort index shows the Predicted Percentage
of Dissatisfied People (PPD) and the Predicted Mean vote (PMV) while these two
values show if the comfort is achieved or not. In the next Figure 13 and Figure 14 the
PPD values of the room and the living room are shown. We can see that in both cases
the values are normally correct and the worst values are in the warm months (from
May to September), in this period the values are too high. This happens, as it has been
said before due to the lack of a cooling system. The cooling during the warm months
is done opening the windows and the doors so the maximum temperatures should be
lower.

F IGURE 13: PPD INDEX IN THE ROOM .
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F IGURE 14: PPD INDEX IN THE LIVING
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ROOM .
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4 Analysis of the results
The result obtained with respect to the energy consumed per year would be 35.2
MWh. Although it is true that in the program energy is obtained by buying electricity,
we know that 56% of the energy is produced by burning wood in the chimneys of the
house. Therefore, it is possible to calculate the carbon emissions of the house during
the year, resulting in CO2 emissions of 34.26 kg CO2/m2 as can be seen in Table 3.
T ABLE 3: C ARBON EMISSIONS IN T HE BUILDING STUDIED .

Energy source
Electricity in
Sweden
Wood
Total

Consumption

Carbon intensity

Carbon emissions
kg CO2/m2

15 500 kWh

55 g CO2/kWh 2

4.0

3 552 kg

1.8 kg CO2/kg 3

30.2
34.2

Once these results are obtained, we can know the energy rating of the building.
Taking into account the rating shown in Figure 15, the letter corresponding to the
residence being studied would be E. This is a fairly low rating but the reason is clear:
burning wood to produce heat increases emissions in a bulky way. Carbon emissions
from electricity demand are very low since electricity production in Sweden is based
on 53% in renewables and largely by nuclear as well, fossil fuels having a small
importance. Therefore, it can be seen here that the reduction of wood consumption
is one of the keys to reduce CO2 emissions into the atmosphere.

F IGURE 15: E NERGY

RATING OF THE BUILDINGS DEPENDING ON THE K G

CO 2 / M 2 EMITTED .

Electricitymap.org. (2019). Live CO2 emissions of electricity consumption. [online] Available at:
https://www.electricitymap.org/?page=country&solar=false&remote=true&wind=false&countryCode=SE
[Accessed 15 May 2019].
3 Kaltimber. (2019). How much CO is stored in 1 kg of wood?. [online] Available at:
2
http://www.kaltimber.com/blog/2017/6/19/how-much-co2-is-stored-in-1-kg-of-wood [Accessed 15 May
2019].
2
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Apart from the energy rating of the house, it is advisable to make a more exhaustive
analysis of the results.
Starting with the energy purchased from the grid, we see how 35.2 MWh is a large
amount of electricity that could be reduced with a more efficient consumption and
different changes in the system, such as introducing a heat pump or producing energy
at home with a solar PV system. It is also interesting to analyse the consumption of
this electricity in terms of use. In Figure 7 we can see how more than 80% of the
electricity is intended for zone heating – this means almost 30 MWh of the 35.2 MWh
consumed annually, so it is interesting to be able to reduce this consumption.
Different ways to reduce this consumption could be again the implementation of a
heat pump, reducing the indoor temperature or improving the envelope or the
thermal bridges to lower the losses.
Another part that needs to be analysed is the one that studies the heat losses of the
building. In Figure 10 we can see how the losses must be matched with the internal
gains such as light, equipment or occupants and heating units. Internal gains are more
or less constant throughout the year so the increase in losses in the coldest seasons
must be matched with the heating units, this means a high consumption of electricity
during the coldest months to be able to heat the building. In order to reduce this
consumption in addition to the above options such as the introduction of a heat pump,
we must focus primarily on reducing losses. In Figure 11 can be seen that most of the
losses occur through the walls and thermal bridges. This is due to the fact that the
main building is a house from the 1800s and therefore both the walls and the thermal
bridges are of poor quality. When in general 20% of the losses should occur through
the thermal bridges, in this case as can be seen in Figure 12, the losses go up to 46%
creating a large need for consumption in order to maintain the comfort temperature
in the building.
Regarding temperatures inside the building, as it can be seen in Table 2, the minimum
temperatures are quite close to the design minimum temperature of 21°C. However,
the maximum temperatures are above the design maximum temperature due to the
lack of a cooling system in summer. The ventilation would be natural, opening the
windows during the day but as this is difficult to simulate with IDA ICE has to be
explained. It is the lack of ventilation in summer the reason that temperatures increase
so much. This can be seen reflected in the PPD index in Figure 13 and Figure 14,
which show how in summer the percentage of dissatisfied people increases to around
70% in the room and 50% in the living room. These values would not be that high if
opening the windows to cool down the house would be taken into account on the
simulation.
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5 Proposals for the improvement
In this section, different options will be proposed to try to achieve the objectives set
out in this work: improve the efficiency of energy use, find some new sources of
energy and minimize energy bills. This way environmental and economic benefits
would be achieved. The options will be presented below with their corresponding
energy, economic and environmental analysis.
First of all, by extracting the information from the invoices presented in Appendix A,
the calculation of the annual expenditure of the dwelling with respect to the
consumption of electricity and wood will be carried out as set out in the Appendix C.
The annual expenditure is 37 702 SEK.
5.1

Implement a heat pump

The first measure to be proposed is the implementation of a heat pump. This change
affects both the decrease in electricity consumption and the consumption of wood that
would disappear to heat the house only with the heat pump. Thanks to a Coefficient
of Performance (COP) of around 3, the consumption of electricity to produce the
same amount of heat will be much lower reducing both bills and emissions.
The purchase of electricity achieved with this improvement is 16 021 kWh/year,
45.53% with respect to the base model (35 188.3 kWh).
Regarding the economic analysis, Table 4 shows that the payback of this option would
be of 6.6 years – this means that the last 8 years of the heat pump’s useful life 10 192
SEK will be saved annually.
T ABLE 4: E CONOMIC ANALYSIS OF

Cost4
SEK
67 000

Useful life5
Years
15

Savings
kWh
19 167.3

THE IMPLEMENTATION OF A HEAT PUMP .

Annual energy cost
SEK
27 509.67

Annual savings
SEK
10 192

Payback
Years
6.6

The environmental analysis would consist of calculating the difference in kilos of CO2
emitted into the atmosphere. In this case, 4.17 kg CO 2/m2 would be emitted, a
12.16% of the base model due to the fact that wood is not used anymore as fuel and
this was the part that was less environmentally friendly. This would mean that the
residence would be B in terms of energy rating comparing to the initial E level.

Anon, (2019). [online] Available at: https://www.homeadvisor.com/cost/heating-and-cooling/install-aheat-pump/#price [Accessed 15 May 2019].
5 Inc, G. (2019). How Long Should Your Heat Pump Last? | Glasco Heating & Air Conditioning. [online]
Glasco Heating & Air Conditioning. Available at: https://glascohvac.com/heating/heat-pumps/long-heatpump-last/ [Accessed 15 May 2019].
4
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The rest of the results obtained with this change can be seen in Appendix D.
5.2

Improve thermal bridges

The proposal to improve the thermal bridges would move these parameters to a
medium quality taking into account that the thermal bridges of the house are of low
quality because it is a very old building. This change will make the losses from thermal
bridges lower. These losses accounted for almost half of the losses of the building so
reducing them will decrease the consumption necessary to match the new losses, thus
having a lower energy consumption. The energy savings thanks to this improvement
will be applied to the reduction of the use of wood to heat the house, as it is the least
environmentally friendly energy source.
The electricity purchase achieved with this improvement is 23 297.7 kWh/year,
66.2% with respect to the base model (35 188.3 kWh).
T ABLE 5: E CONOMIC ANALYSIS OF THE IMPROVEMENT OF THE THERMAL BRIDGES .

Cost
SEK
47 4506

Useful life
Years
-

Savings
kWh
11 890.6

Annual energy cost
SEK
31 253.44

Annual savings
SEK
6 449

Payback
Years
7.4

Regarding the economic analysis of this scenario, as we can see in Table 5 the payback
time would be 7.4 years. This means that after this time the annual savings will reach
6 449 SEK. This analysis has been done taking into account prices of a case study in
Greece and the cost living comparison between both countries (Kotti, Teli and James,
2017).
In this scenario, the emissions are 16 kg CO2/m2 47% of the emissions comparing to
the base model. This would mean an energy rating of level D.
In Appendix E we can see the rest of the results of this scenario on IDA ICE.
5.3

Lower indoor temperature

In this scenario, the indoor temperature of the building will be modified. This has no
economic cost but the thermal comfort will change. Although is true that most people
find the ideal temperature in the rooms between 19 and 22 degrees, normally the
standard temperature is around 21°C. Lowering this temperature, will decrease the
energy consumption but we have to take into account the comfort indexes as PPD
and PMV.

6 (Kotti, Teli and James, 2017)
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The annual energy purchase is 88% of the consumption in the base model: 31 MWh.
This is because of two reasons: lowering the indoor temperature means that the
heating need is lower and also that the losses will decrease, because the temperature
difference between inside and outside the building is lower. This energy saving will
be used to decrease the use of wood again, because it is the less environmentally
friendly source of energy used in the building.
As it has been said before, there is no cost to do this change so the annual savings start
the very same moment the change is implemented and the results can be seen in Table
6.
T ABLE 6: E CONOMIC ANALYSIS OF

Cost
SEK
-

Useful life
Years
-

Savings
kWh
4 183.3

THE SCENARIO WITH A LOWER INDOOR TEMPERATURE .

Annual energy cost
SEK
35 573.44

Annual savings
SEK
2 128.5

Payback
Years
-

Regarding the emissions, this improvement means that the emissions are down to 28
kg CO2/m2, 81% of the emissions in the base model. This would maintain the E
energy rating but it would be more environmentally friendly.
In this case we have to check if the thermal comfort is still correct just in case lowering
temperature means losing the desired comfort. Even if it is true that the average of
the PPD is around 14% the comfort that is required is achieved, not counting a couple
of high values in summer due to the lack of a ventilation system.
The results for this scenario can be found in Appendix F.
5.4

Changing windows

The idea of changing windows comes to lower the losses through them decreasing the
need of energy thus decreasing the cost of the energy purchased. The new windows
are triple-glazed and the losses will decrease comparing to the double-glazed ones that
the building has.
The results of this change can be seen in Appendix G, noting that the annual purchase
of energy is 34 502 kWh, only 2% lower than the base consumption. Again, this could
mean using less wood in the house. However, we can see that the amount of energy
saved is very little, only 1 kg CO2/m2 less is emitted.
Regarding the economic analysis, 32 500 SEK is the initial investment 7 and the
payback period is too big to be a cost-effective measure.

Theecoexperts.co.uk. (2019). Is Triple Glazing Worth It? Compare Prices And Energy Savings. [online]
Available at: https://www.theecoexperts.co.uk/triple-glazing-guide-costs [Accessed 16 May 2019].
7
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5.5

Install a PV solar system on the roof

After the previous improvements regarding the use of energy now it is time to analyse
a change in the production of electricity used in the building. For this purpose, it is
proposed the self-consumption of energy generated by solar panels installed on the
roof of the house.
To begin with, the orientation, inclination, place and area of the solar panels has to
be decided. As for all these parameters, you should know that there are limitations:
the roof of the house has a certain orientation, inclination and area. Due to the
orientation of the house, the solar panels should be oriented to the east or west. To
decide which orientation is the best, first a square meter of panel will be tested in
both orientations in the same inclination (40°). The results show that the production
when the panel is oriented to the west is 11.3 kWh/m 2 and to the east 8.8 kWh/m2
– then the orientation of the panels should be to the west. Regarding the inclination,
the difference of having 40 or 45 degrees of inclination is not big enough to be taken
into account and less inclination is not possible due to the inclination of the roof.
When it comes to the place to install the panels, the best option is on the big roof of
the old house: there is more space and the shading effect appears if the system is
installed in the small roof. The house would look as can be seen in Figure 16.

F IGURE 16: H OUSE WITH SOLAR PANE LS .

After these tests were carried out, the simulation of the panel was done with the
characteristics observed in Figure 17.
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F IGURE 17: C HARACTERISTICS OF THE INSTALLED SOLAR PANEL .

This panel generates an annual amount of energy of 2 391 kWh where 563 kWh are
sold to the grid – this means that the energy demand is 7% lower comparing to the
base model. As can be seen in Figure 18, the energy consumption curve and electricity
production curve of the panels have the opposing maximum and minimums, i.e. when
the production is maximum in summer the consumption is the minimum of the whole
year and when more energy is needed in Sweden which happens in winter time the
energy production of the solar panels is minimal.

F IGURE 18: E NERGY CONSUMPTION OF

THE BUILDING , ELECTRICITY PRODUCTION OF THE SOLAR PANELS AND
AMOUNT OF ELECTRICITY SOLD TO THE GRID .
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In order to carry out an economic analysis, it would be necessary to know the installed
power of the system, the economic aid being given in Sweden, the price of electricity
sold and the reduction in taxes, among others. Due to the political moment in Sweden
investment subsidies are unclear now, but they have been at 30% recently and the tax
reductions are about 10%. Taking everything into account and the solar radiation in
Uppsala, the payback time for the implementation of a PV system is around 10 to 11
years (Otovo-bloggen, 2019), while the initial investment is around 200 000 SEK not
taking into account the subsidies and other reductions.
5.6

Combination of the cost-effective measures

In this scenario, the most beneficial improvements will be implemented at the same
time and the combined result in the IDA ICE program will be analysed. The most
positive changes of those that have been studied previously would be the
implementation of a heat pump, the improvement of the thermal bridges of the house,
lower the indoor temperature and install a photovoltaic system for the production of
energy both for self-consumption and for sale when that energy is not needed. Then,
in this scenario all the changes will be implemented in the same way they were
implemented before one by one.
The results for this scenario can be found in Appendix H. The annual energy purchase
is now 7 382 kWh, 21% of the initial consumption of 35 188 kWh so the electricity
purchased decreases to more or less by half and the use of wood disappears. The
breakdown of the final use of this energy can be seen in Figure 19. Thanks to the
combination of the improvements, the zone heating is now a smaller part of the
consumption, only 33% – the losses are lower, the indoor temperature is lower and
the electricity needed to achieve the same amount of kWh of heating is lower.

F IGURE 19: B REAKDOWN OF THE USE

OF THE ENERGY PURCHASED IN THE COMBINED SCENARIO .
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In this case, the annual electricity production of the solar panels is 2 392 kWh and
1040 kWh of those are sold to the grid. As it has been explained in the analysis of the
PV system implementation, this happens because the months with the highest
electricity production are the ones with a lower need of energy in the building. With
all the improvements, the electricity production in those months is higher than the
total amount of energy needed so it is not only that in certain moments the production
is higher than the demand but in the whole month the production is bigger than the
consumption too. All this can be seen in Figure 20.

F IGURE 20: E NERGY CONSUMPTION OF

THE BUILDING , ELECTRICITY PRODUCTION OF THE SOLAR PAN ELS AND
AMOUNT OF ELECTRICITY SOLD TO THE GRID IN THE COMBINED SCENARIO .

The economic analysis of this scenario is shown in Table 7. The initial investment is
quite big due to the need of buying and installing the heat pump and the PV system
and the improvement of the thermal bridges. However, the annual savings are also
quite important, making a payback period of 14 years. Added to that, has to be said
that the economical aids and tax reductions are not taken into account due to the
difficulties with the analysis in that case.
T ABLE 7: E CONOMIC ANALY SIS OF THE COMBINED

Cost
SEK
314 450

Useful life
Years
-

Savings
kWh
27 806.3

Annual energy cost
SEK
15 301.7

SCENARIO .

Annual savings
SEK
22 400

Payback
Years
14.04

Regarding the emissions, this improvement means that the emissions are down to less
than 2 kg CO2/m2, becoming a nearly zero-energy building. This would mean an A
energy rating house.
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In this case the analysis of the thermal comfort is similar to the analysis of the case
with lower indoor temperature because that is the only change that affects really the
comfort.
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6 Conclusions
As previously explained during the introduction, the objective of the work was to
perform an energy audit in the home to look for solutions to improve the energy
performance of the building and trying to make it the closest possible to a nearly zeroenergy building. For this, the steps were to improve the efficiency of energy use in
the house and change the energy consumption of wood and electricity by
implementing a renewable energy source such as the photovoltaic system. Thus, the
benefits that have been previously discussed would also be achieved: the reduction of
non-renewable energy sources by helping to meet European directives and Sweden’s
targets for greenhouse gas emissions and energy consumption, reduce the cost of
buying wood and electricity from the network and finally the social benefits that this
work would bring as it is to promote such actions, changes and improvements for the
residential area.
After analysing the building, it was observed that the energy performance was quite
scarce: the need for energy was high, the use was not efficient, the losses were large
and the energy resources used were not the most adequate – for all that the building
had an expenditure above what was necessary for the purchase of energy and a low
energy level as the letter E is. As it has been explained during the work, this is quite
normal in the residential buildings because they are very old constructions in general.
It has also been said previously, that this is why it is one of the sectors in which more
change can be made in terms of reducing energy consumption and greenhouse gas
emissions.
It is for all the above mentioned, that after the analysis of the building a series of
improvements have been raised. Among the proposed improvements, it was intended
to achieve the objective in two phases: a reduction of energy consumption by
improving the technology being used, improving the building and changing the
comfort and the second by changing the energy sources. This is how the installation
of a heat pump, the reduction of the temperature inside, the change of windows, the
improvement of the thermal bridges and the implementation of a PV system appear
as options. All these changes can be done separated, but when it comes to reaching
the objectives, the combination of the cost-effective measures seems to be the best
option. That is how the combination of the heat pump, lower indoor temperatures,
improving the thermal bridges and the solar panels appear to be the correct option.
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The combined scenario is the one that makes a real difference comparing to the base
model of the house: the energy consumption is reduced to a 21% of the initial
consumption, the energy bill is reduced to a 41% of the initial amount and the
greenhouse gas emissions are reduced to the little amount of 1.92 kg CO 2/m2.
However, a very important part to decide to take the step and start with the changes
is the economic analysis of the case. Regarding the payback period of around 14 years,
can be said that this is not a key reason to stop the project because the house is
supposed to be used a long period of time after the changes are done. But it is
important to have a look to the high initial investment for a family house: 314 450
SEK is a big amount of money that has to be invested to start the change of the
building. On the one hand, putting into effect all the changes would totally change
the energy demand of the building but on the other hand, due to the high investment
the changes could be applied one by one having a long-term vision. This way the initial
investment would be lower and the changes implemented step by step.
With the combination of the improvements the building would help to the fulfilment
of the aims of the European Union and Sweden regarding energy efficiency, use and
production. The energy rating of the building would be an A and it will also be close
to become a nearly zero-energy building: a building with very low emissions, small
energy consumption and producing energy with a renewable energy source as it is the
PV technology. All this makes the building more interesting for a future sale of the
house.
For a future project, would be interesting to study a different source of renewable
energy to combine with the PV system. It has been explained before that the period
of the year with lowest production of the panels are the months with the highest
energy consumption in the Swedish houses. Then, a method to produce energy during
these cold months would be interesting to analyse.
It has been said previously that implementing the proposed improvements would help
to achieve the objectives and benefits explained during the introduction of the work
in terms of the economic, environmental and social situation.
Taking into account the 17 goals set for 2030 by the world leaders, this work would
help in different objectives by improving the energy performance of the house that
has been studied. The infrastructure would be improved by applying new techniques
in the house while implementing a clean and renewable energy such as photovoltaics,
help to create a sustainable community and responsible with consumption and energy
production and finally reduce the emission of CO2 to the atmosphere helping to
improve the environment.
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Appendix A: Information about the building

F IGURE 1: F RONT SIDE OF THE HOUSE (E AST ).

F IGURE 2: B ACK SIDE OF THE HOUSE (W EST ).

A1

F IGURE 3: F RONTAL PLAN OF THE HOUSE .

F IGURE 4: F LOOR PLAN OF THE

A2

HOUSE ( GROUND FLOOR ).

F IGURE 5: E XTERNAL WALL MATERIALS FOR THE OLD HOUSE .

F IGURE 6: R OOF MATERIALS FOR THE OLD HOUSE .

F IGURE 7: M ATERIALS OF THE INTE RIOR WALLS .

A3

The information that was given by the owner of the house about different aspects of the house can
be seen in Table 1.
T ABLE 1: D IFFERENT INFORMATION REGARDING THE B UILDING .

Thermal bridges
Heating
Cooling
Ventilation
Indoor temperature

Poor
Electric heating
No cooling system, opening windows and doors
Natural ventilation (opening windows and doors)
21°C

F IGURE 8: E LECTRIC BILL (M ARCH 2019).

A4

F IGURE 9: W ATER BILL (J ANUARY -A PRIL ).

A5

Appendix B: Base model IDA ICE

F IGURE 10: B ASE MODEL FLOOR PLANT .

F IGURE 11: B ASE MODEL 3D.

B1

F IGURE 12: B ASE MODEL BUILDING DEFAULTS .

F IGURE 13: B ASE MODEL THERMAL BRIDGES .

F IGURE 14: B ASE MODEL SETPOINTS FOR THE DIFFERENT ZONES .

B2

Appendix C: Calculations
Energy consumption price:
T ABLE 2: P RICES FOR ELECTRICITY AND WOOD IN S WEDEN .

Electric grid

Electricity
company

Fixed price
Variable
price
Taxes
Fixed price
Variable
price
Taxes

3 464 SEK/y
0.619
SEK/kWh
25%
432 SEK/y
0.5115
SEK/kWh
25%
1 600 SEK/m3

Wood price

𝐸𝑛𝑒𝑟𝑔𝑦 𝑝𝑟𝑖𝑐𝑒 = 𝐸𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 𝑝𝑟𝑖𝑐𝑒 + 𝑊𝑜𝑜𝑑 𝑝𝑟𝑖𝑐𝑒
𝐸𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 𝑝𝑟𝑖𝑐𝑒 =
(𝐹𝑖𝑥𝑒𝑑 𝑝𝑟𝑖𝑐𝑒 + 𝑉𝑎𝑟𝑖𝑎𝑏𝑙𝑒 𝑝𝑟𝑖𝑐𝑒 ∗ 𝐸𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛) ∗ 1.25
𝑊𝑜𝑜𝑑 𝑝𝑟𝑖𝑐𝑒 = 𝑊𝑜𝑜𝑑 𝑝𝑟𝑖𝑐𝑒 ∗ 𝑊𝑜𝑜𝑑 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛
Price base model (the different scenarios with the improvements will be done in the
same way):
𝐸𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 𝑐𝑜𝑠𝑡
(3 464 + 432) 𝑆𝐸𝐾 (0.619 + 0.5115) 𝑆𝐸𝐾
+
𝑦
𝑘𝑊ℎ
15 308 𝑘𝑊ℎ
) ∗ 1.25 = 26 502.12 𝑆𝐸𝐾/𝑦
∗
𝑦
=(

1 600 𝑆𝐸𝐾 7 𝑚3
𝑊𝑜𝑜𝑑 𝑐𝑜𝑠𝑡 =
∗
= 11 200 𝑆𝐸𝐾/𝑦
𝑚3
𝑦
𝑇𝑜𝑡𝑎𝑙 𝑐𝑜𝑠𝑡 = 𝐸𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 𝑐𝑜𝑠𝑡 + 𝑊𝑜𝑜𝑑 𝑐𝑜𝑠𝑡 = 37 702.12 𝑆𝐸𝐾/𝑦
When the consumption decreases thanks to some improvement, the calculation of the
energy sources will be done in the following way:
As the aim is to reduce the wood consumption, all the energy savings would mean a
reduction of wood purchase. Then the amount of electricity demand will remain
constant while the purchased wood will decrease to the amount needed to reach the
necessary amount of energy taking into account the calorific value of wood (5.55
kWh/kg) and the density (502 kg/m3).

C1

Appendix D: Heat pump model results from IDA
ICE
T ABLE 3: D ELIVERED ENERGY OVER VIEW WITH A HEAT PUMP .

Lighting, facility
Electric cooling
Water Pump
Zone heating
Domestic hot water
Equipment, tenant
Total

Purchased energy
kWh
kWh/m2
2 402
11.4
0
0
42
0.2
9 695.9
2 547.1
1 334
6.3
16 021

Peak demand
kW
0.36
0
0.02

0.2

F IGURE 15: B REAKDOWN OF THE USE OF THE ENERGY

T ABLE 4: C ARBON EMISSIONS WITH

Energy source
Electricity in
Sweden
Wood
Total

Purchased percentage
%
15%
0%
0%
61%
16%
8%

PURCHASED WITH A HEAT PUMP .

A HEAT PUMP .

Consumption

Carbon intensity

Carbon emissions
kg CO2/m2

16 021 kWh

55 g CO2/kWh

4.17

0 kg

1.8 kg CO2/kg

0
4.17

D1

Appendix E: Results of the model with better
thermal bridges from IDA ICE
T ABLE 5: D ELIVERED ENERGY OVER VIEW WITH BETTER THE RMAL BRIDGES .

Lighting, facility
Electric cooling
Water Pump
Zone heating
Domestic hot water
Equipment, tenant
Total

Purchased energy
kWh
kWh/m2
2 401
11.4
0
0
17
0.2
16 998.6
2 547.1
1 334
6.3
23 297.7

F IGURE 16: B REAKDOWN OF THE USE

F IGURE 17: L OSSES THROUGH THE

Peak demand
kW
0.36
0
0.02

0.2

Purchased percentage
%
10%
0%
0%
73%
11%
6%

OF THE ENERGY PURCHASED WITH BETTER THERMAL BRIDGES .

EN VELOPE AND THERMAL B RIDGES WITH BETTER THERMAL BRIDGES .

E1

20%
Walls
Roof

43%

2%

Floor
12%

Windows
Doors
11%

Thermal
bridges

11%

F IGURE 18: P ERCENTAGE OF LOSSES THROUGH DIFFERENT PARTS OF THE ENVELOPE
BRIDGES .

WITH BETTER THERMAL

T ABLE 6: C ARBON EMISSIONS WITH BETTER THERMAL BRIDGES .

Energy source
Electricity in
Sweden
Wood
Total

Consumption

Carbon intensity

Carbon emissions
kg CO2/m2

15 500 kWh

55 g CO2/kWh

4.0

1 405 kg

1.8 kg CO2/kg

11.9
15.9

E2

Appendix F: Results of the model with lower
indoor temperature from IDA ICE
T ABLE 7: D ELIVERED ENERGY OVER VIEW WITH LOWER INDO OR TEMPERATURE .

Lighting, facility
Electric cooling
Water Pump
Zone heating
Domestic hot water
Equipment, tenant
Total

Purchased energy
kWh
kWh/m2
2 401
11.4
0
0
28
0.1
24 694.9
2 547.1
1 334
6.3
31 005

F IGURE 19: B REAKDOWN OF THE USE

Peak demand
kW
0.36
0
0.01

0.2

Purchased percentage
%
8%
0%
0%
80%
8%
4%

OF THE ENERGY PURCHASED WITH LOWER INDOOR TEMPERATURE .

F1

F IGURE 20: I NTERNAL GAINS AND

LO SSES WITH LOWER INDO OR TEMPERATURE .

T ABLE 8: M INIMUM AND MAXIMUM TEMPERATURES WITH LOWER INDOOR TEMPERATURE .

Minimum
temperature °C
Room
18.46
KLK
25.34
Livingroom2
19.09
Livingroom
19.08
Kitchen
19.14
Hall
19.17
Toilet
19.38
Zone 8
18.98
Bathroom
18.88
Zone

Maximum
temperature °C
27.13
35.35
29.72
30.17
28.81
27.75
31.22
31.69
28.28

T ABLE 9: C ARBON EMISSIONS WITH LOWER INDOOR TEMPER ATURE .

Energy source
Electricity in
Sweden
Wood
Total

Consumption

Carbon intensity

Carbon emissions
kg CO2/m2

15 500 kWh

55 g CO2/kWh

4.0

2 794 kg

1.8 kg CO2/kg

23.7
27.8

F2

Appendix G: Results of the model with different
windows from IDA ICE
T ABLE 10: D ELIVERED ENERGY OVER VIEW WITH DIFFERENT WIND OWS .

Lighting, facility
Electric cooling
Water Pump
Zone heating
Domestic hot water
Equipment, tenant
Total

Purchased energy
kWh
kWh/m2
2 401
11.4
0
0
44
0.2
28 175.9
2 547.1
1 334
6.3
34 502

F IGURE 21: B REAKDOWN OF THE USE

Peak demand
kW
0.36
0
0.01

0.2

Purchased percentage
%
7%
0%
0%
82%
7%
4%

OF THE ENERGY PURCHASED WITH DIFFE RENT WINDOWS .

G1

F IGURE 22: L OSSES THROUGH THE

EN VELOPE AND THERMAL BRIDGES WITH DIFFERENT WINDOWS .

F IGURE 23: P ERCENTAGE OF LOSSES THROUGH DIFFERENT PARTS OF THE ENVELOPE

T ABLE 11: C ARBON EMISSIONS WITH

Energy source
Electricity in
Sweden
Wood
Total

WITH DIFFERENT WINDO WS .

DIFFERENT WINDOWS .

Consumption

Carbon intensity

Carbon emissions
kg CO2/m2

15 500 kWh

55 g CO2/kWh

4.0

3 424 kg

1.8 kg CO2/kg

29.1
33.1

G2

T ABLE 12: E CONOMIC ANALYSIS OF THE SCENARIO WITH DIFFERENT

Cost
SEK
32 5008

Useful life
Years
-

Savings
kWh
686.3

Annual energy cost
SEK
37 653.44

WINDOWS .

Annual savings
SEK
48.56

Payback
Years
669

Theecoexperts.co.uk. (2019). Is Triple Glazing Worth It? Compare Prices And Energy Savings. [online]
Available at: https://www.theecoexperts.co.uk/triple-glazing-guide-costs [Accessed 16 May 2019].
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Appendix H: Results of the combined model
T ABLE 13: D ELIVERED ENERGY OVER VIEW IN THE COMBINED

Lighting, facility
Electric cooling
Water Pump
Zone heating
Domestic hot water
Equipment, tenant
Sold electricity
Total

Purchased energy
kWh
kWh/m2
1 962
11.4
0
0
10
0.1
2 812.7
2 547.3
1 090
6.3
-1 040
7 382

F IGURE 24: I NTERNAL GAINS AND

SCENARIO .

Peak demand
kW
0.36
0
0.01

0.2

Purchased percentage
%
23%
0%
0%
33%
30%
13%

LO SSES IN THE COMBINED SCENARIO .

F IGURE 25: P ERCENTAGE OF LOSSES THROUGH DIFFERENT PARTS OF THE ENVELOPE

H1

IN THE COMBINED SCENARIO .

T ABLE 14: M INIMUM AND MAXIMUM TEMPERATURES IN THE C OMBINED SCENARIO .

Minimum
temperature °C
Room
19.36
KLK
26.18
Livingroom2
19.32
Livingroom
19.33
Kitchen
19.35
Hall
19.4
Toilet
19.5
Zone 8
19.46
Bathroom
19.42
Zone

Maximum
temperature °C
30.41
36.31
31.31
31.95
30.67
29.36
32.19
34.34
30.87

T ABLE 15: C ARBON EMISSIONS IN THE COMBINED SCENARIO .

Energy source
Electricity in
Sweden
Wood
Total

Consumption

Carbon intensity

Carbon emissions
kg CO2/m2

7 382 kWh

55 g CO2/kWh

1.9

0 kg

1.8 kg CO2/kg

0
1.9

H2

