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Abstract

The Swedish residential sector uses 140 TWh of energy, making the
residential sector the largest energy user. The Swedish single-family houses
(SFHs) are responsible for 12 % of the final energy use. From those dwellings,
there are 417 909 single-family houses built before 1930.0n the basis of the
above information, the Swedish residential building stock is considered to be
of relatively high age. Due to this situation, there is a great potential for the

implementation of energy saving measures.

This work consists in a study case of a single-family house (SFH) built in
Stratjara which uses electricity and wood as energy carrier, the aim in this
dwelling is to propose measures to reduce energy expenditure proposing cost-
effective measures and reaching a minimum label of bronze category in the

Miljobyggnad energy use indicators.

At first, a literature review was performed to observe the renovation
strategies previously applied in similar studies. A quantitative and empirical
approach was completed, where energy data from the bills of 2023-2024
together with on-site data collection were combined as a way to determine
the energy entering and leaving the dwelling. The research was conducted
with the help of the IDA ICE energy simulation program, to monitor the

energy and ventilation performance of the dwelling.

The results obtained from the simulation and hand calculations indicated that
there was room to improve the property. Namely, the calculations concluded
that the ventilation and the primary energy number need to be improved to
meet the Swedish building regulations. Furthermore, the installation of
photovoltaic (PV) modules to meet part of the electricity demand could
helped to improve the energy situation. Finally, the reduction of electricity
use was focused on the efficient use of electricity, avoiding the electricity
consumption in unused rooms, such as the guest room, and the reduction of

heat/thermal losses through the insulation of the envelop.

The methodology used consisted of two different scenarios, one that meets
the objectives of monetary savings and economic viability and the other that
seeks to comply with the requirements imposed by the Swedish authorities in

terms of energy efficiency.

Key words: single family house, energy audit, energy efficiency measures,

energy retrofit, Swedish traditional dwelling, IDA ICE simulation.
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Nomenclature

Latin
Symbol Description Unit
R Thermal resistance m?K W!
d Thickness of the material m
Heat flux W m
T Temperature K, °C
u Thermal transmittance (U-value) W m?K"!
A Area m?
°h Degree hours °Ch
E Energy Wh
L Length of the linear thermal bridges m
X Thermal transmittance coefficient W K!
for point thermal bridges
H, Ventilation heat transfer coefficient W °C
F Volumetric flow rate m’s’!
G, Heat capacity Jkg' K
P Power AW
n Air change rate h'!
A% Volume m?
r Solar heat gain coefficient
c Cloudy factor
d’ Duration Day, month
S Degree days
i Discount rate
N Number of periods Years
A’ Saving per period SEK year !
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I Investment SEK

q Radiation intensity Wh m™

v Velocity ms’!

C Concentration of CO, ppm
Greek

Symbol Description Unit

A Thermal conductivity W m'K!
Wy Thermal transmittance coefficient W m'K'!

for linear thermal bridges

p Density kg m

AT Difference of temperature K

Abbreviations and Acronyms

Letters Description

EU European Union

EU BCT European Union Building Tracker

BPIE Buildings Performance Institute Europe

SFH Single-family houses

SPAR Statens personadressregister

ER Energy retrofit

EP Primary energy

DE Delivered energy

SVEBY Swedish ~ Agency for Standarization and

Verification of Energy Performance in Buildings

ACH Air Changes per hour
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DHW Domestic hot water

SHGC Solar heat gain coefficient

DVUT Dimensional Winter Outside Temperature

SMHI Swedish ~ Meteorological and  Hydrological
Institute

USA United States of America

NPV Net Present Value

BBR Boverket's building regulations

SGBC Sweden Green Building Council

OBS Oriented strand board
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1 Introduction

1.1 Background
In the context of the European Green Deal (2019) and the REPowerEU (2022)

plans, energy efficiency was indicated as one of the most effective ways to reduce
energy demand, GHG emissions and the reliance on Russian fossil fuel imports. The
target set in the Energy Efficiency Directive (EU/2023/1791) is to reduce energy
use by 11.7 % by 2030, in reference to 2020 base year. Households in the European
Union (EU) represent 27.9 % of the final energy use in 2021, that is the second
largest consumer after transportation which accounts for 29.2% (Eurostat 2023b).
The household sector is therefore crucial to achieving the EU's energy and climate
goals. Energy is used in houses for different purposes, space heating is the largest
consumer accounting for 64.9 % of the energy use (Eurostat 2023a). The main
source of energy for space heating in the EU comes from natural gas (39.4 %), in

the case of Sweden the main source is district heating (50.2 %) (Eurostat 2023a).

According to d’Angiolella (2017), roughly three-quarters of buildings in the EU
were constructed before the 1990s. The construction standards for building
envelopes before the 1990s are outdated and inefficient by today's standards, thus
energy required in new buildings has decreased due to updated building codes. With
each code update, new energy-saving measures, and improved methods of insulating
the building envelope are introduced. Considering that most European buildings are
not very efficient, the EU has developed the EU Building Tracker (EU BCT), which
monitors the progress of the building stock in the European Union towards the goal
of achieving climate neutrality by 2050, in the form of an index that considers CO,
emissions, final energy use, renewable energy share, investment in renovations and
domestic energy expenditure. The report by BPIE (Buildings Performance Institute
Europe) (2023) points out that the EU BCT has a gap of 10.3 points with the path to
climate neutrality. Although in the last two years the gap has been reduced, more
effort must be done by the governments to meet the annual targets. The Renovation
Wave made by the European Commission (2020) is a document that is part of the
European Green Deal (2019), the goal set by the Renovation Wave is to achieve 35
million energy renovations made by 2030. This goal is also measured in the EU

BCT.



More particularly, the Swedish residential sector uses 140 TWh of energy, which
represents 39.4 % of the total final energy use, making households the sector that
uses the most energy (Swedish Energy Agency 2022). The Swedish residential
building stock is made up by around 2 million single-family houses (SFH) which
account for 46 % of the stock (Savvidou and Nykvist 2020), these buildings are
responsible for 12 % of the final energy use (Bravo et al. 2019). In Sweden there are
41 7909 SFHs built before 1930 (Statistics Sweden 2022), representing 19.7 % of
the total number of single-family houses. Based on the above data, we can consider
that Sweden's residential building stock is relatively old. Due to this situation, there
is a great potential for the adoption of energy saving measures (Mahapatra et al.

2013), and thereby contribute meeting the energy usage goals set by the EU.

This paper focuses on a case study of a late 19" century Swedish SFH. The house is
located in Stratjara (Figure 1), a village 60 km to the north of Gavle. Two adults live
in the house, one of whom is retired and the other works only two days a week. The
house has total floor area of 193.2 m’ and is situated on a parcel of land of
approximately 2 800 m” which, in addition to the building under study, has two
other buildings and a greenhouse. The building materials and construction
techniques used are representative of SFH built in the same period. The owners
maintain the building in good condition and have recently installed a heat pump to

improve energy efficiency.

Stratjara

FIGURE 1: LOCATION OF THE STUDIED HOUSE



1.2 Aims

This paper aims to propose measures to reduce energy costs by a 20 % in a late 19t
century Swedish house, proposing cost-effective measures. Moreover, the objective
of minimum of bronze category in the Miljobyggnad energy use indicator 1, 3 and 4

will be pursued.

This study may be of special interest to those who want to carry out similar studies
on houses built in the same period in Sweden and neighboring countries, as the
construction techniques and materials used can be considered similar for buildings of

the same period and age.

Moreover, to fulfill the aims of this work, the current state of the building's energy
efficiency will be evaluated through an energy audit and the IDA ICE software will

be used to evaluate the perform of the suggested energy measures.

The research questions to be addressed in this study are:

® How can the owners of an old Swedish single—family house reduce their

energy costs?

® What are the most cost-effective measures? What is the impact of these

measures on the improvement of the Milj ébyggnad?

Due to the age of the building under study, there is no information available on
plans, U-values and state of construction materials. Other limitations that must be
considered are related to the methods used, for instance, approximating the air
changes per hour (ACH) of a naturally ventilated system is more complicated than if
the system were mechanically ventilated. Since the present work is a case study, it
has the limitations inherent to this type of work, in this case the results may not be

extrapolated to other cases since only one house was studied.

1.3 Approach

The development of this thesis starts with visits to the property, where interviews
with the owners and measurements are carried out. On the basis of this information,
a quantitative approach and a simulation model in the IDA-ICE program are carried
out, which facilitates the validation of the measurements by comparing the results.
Based on these results, a series of improvement proposals are made for which a cost-

effectiveness analysis is carried out.



1.4 Literature review

Literature research has been conducted to collect and analyze previous findings.
With this aim, different databases have been used, such as Libris, Discovery and
Google Scholar. The search in the mentioned pages has been developed with the
following keywords: “old AND building OR Historic AND building OR Traditional
AND building”, “Sweden OR Nordic AND countries OR Northern AND Europe
OR Scandinavia OR Baltic AND Countries”, “Energy AND Efficiency OR Energy
AND losses OR Energy AND Savings” and “Retrofit OR Restoration OR
Rehabilitate OR Renovate OR Refurbishment”. A top-down approach method was
implemented, by first collecting multiple articles and then focusing on the most
cited ones and giving priority to those that conveyed primary sources of knowledge,

instead of reviews or state-of-art report.

Historically, organizations relied on intensive campaigns to educate and motivate
citizens to take action to save energy. The inefficiency of these measures caused
experts in the 1970s to turn to a new economic perspective as an incentive for
owners (Stringer, 1985). At present, the influence of the economic approach to the
measures persists. However, Azizi et al. (2019) highlight the need to consider social
aspects (i.e. demographic processes, the development and spread of technologies,
human values and beliefs, ideologies, and political coalitions) to adapt the incentives

to the homeowners and the characteristics of their houses.

Azizi et al. (2019) based the study on an e-mail survey of 1 550 homeowners, using
the “Statens personadressregister” (SPAR) as a database to ensure compliance with
age and ownership requirements. The results in the category "age of the house" are
of interest for the subject of this work. The study distinguishes between
homeowners with dwellings less than 25 years old and those with older dwellings, as
it is from this age that the homeowners' perspectives were observed to differ. In
other words, homeowners with older houses attached more importance to
modernising their homes, while the others perceived the process as more
complicated. These results show a problem in the perspective of energy efficiency in
society since energy efficiency improvements are seen as a consequence of

renovations and not as motivations in themselves.

In support of this view, Hoicka and Parker (2018) focuses the study on energy
efficiency retrofit programs. More specifically, the programs on whose analysis the
study is based were carried out in Canada. Although this location and constructions
are outside the scope of this report, given the similarity with the climate, its
conclusions are considered extrapolative. Regarding those conclusions, it was set
that there is an existing positive correlation between the expert analysis and

monitoring of the needs of the dwelling, and the rate implemented improvements.



While Azizi et al. (2019) report that financing of renovations is seen as a difficulty,
Hoicka and Parker (2018) presents this problem in a practical way, showing that the
homeowners implement measures that are simpler and with lower initial costs even
when they are not advantageous towards energy efficiency. Despite the strong

recommendations for envelop insulation improvements of the experts.

Given the previous study of homeowner’s incentivization, it is now time to present
the possible measures that they can implement in their homes and the benefits of
these measures. Bjarlov and Vladykova (2011) developed one of the most relevant.
studies on the subject, which looked at family and semi-detached wooden houses in
Arctic Greenland. It argues that it is possible to substantially improve the energy
performance of the houses without significantly changing the architectural
expression, by increasing the air tightness, improving the insulation and adding

mechanical ventilation to about half of the housing stock.

The study also shows how these measures can be implemented without displacing
tenants and providing an incentive for the more exceptional landlords described at
the beginning. Bjarlov and Vladykova (2011) analysed three typical standard semi-
detached family houses, where comprehensive measurements of temperature,
relative humidity and air tightness were carried out. In addition, the thermal bridges
were determined from drawings, visual inspection, and by using a thermal camera.
Although the results presented in the study are promising, for greater reliability it is
necessary to prove the effectiveness of the proposals in simulations or experiments

in the studied properties.

The study of Bjarlov and Vladykova (2011) the importance of using thermal
cameras, hence the search for more literature on the subject. In this search for
knowledge, Guerrero et al. (2003) examined the condition of various old buildings
in a rural region. This study enabled determination of the location of materials,

hidden elements, presence of cracks, location of structures and points of heat loss.



Guerrero et al. (2003) show that an old building has undergone renovations over
time, although at first glance it may not seem so. One of the most common
elements in the buildings studied is the appearance of hidden holes, such as boarded-
up windows. This practice was common due to changes in the use of the building,
which required relocating doors and windows. These hidden openings were made
with materials different from those of the facade, thus creating differences in
thermal behavior. Another interesting application of thermography used in the
article is the localization of cracks, which are faults in the structure and in the
envelope. The areas where the joints are located do not have the same
characteristics as the facade, and therefore, the emission capacity varies. In the study
the structure of the building is also recognized with the thermographic camera, the
load-bearing structures can be observed. It is of particular interest to be able to
locate the beams and pillars for future retrofitting works. Heat losses are also easy to
detect, as explained by Guerrero et al. (2003), a common point of high heat loss
among the buildings studied is the drum of the shutters.

The need for a more comprehensive study of possible energy measures in historic
dwellings leads us to Alev et al. (2014), this study took place in the exact area of
interest, the Baltic climate. The development of this study focuses on three
properties located in Finland, Estonia, and Sweden, each with a characteristic
architectural style. Although there is one property in Sweden, for the purposes of
this report we will focus on the work carried out on the Finnish building, as it
exactly matches the desired historic housing characteristics, and the climatic

conditions are comparable.

A highlight of Alev et al. (2014) study is the easy comparison of the energy situation
before and after the simulation of the improvements. This is due to the use of
percentages relative to the primary energy (EP) or delivered energy (DE) values
obtained in the IDA-ICE building simulation software. Analysis of the above data
shows that the largest energy savings come from improving building services and
energy sources, replacing old open stoves with more efficient systems. In the case of
historically valuable houses, this has the advantage of having minimal impact on the
aesthetics of the building. As in the previous article, the author highlights that
external wall insulation has one of the highest energy saving potentials due to its

high thermal transmittance and the large area it covers.



Similar to the previous work (Alev et al. 2014), Arumagi and Kalamees (2014)
conducted a new study where they focus on discussing the potential energy
renovations for wooden apartment buildings in Estonia. The study analyzed a total
of 29 typical three-story wooden apartment buildings, the average age of the
constructions was 98 years. The external walls are 120—160 mm thick logs, without
additional insulation, covered with wooden cladding or render. The attic floor is
filled with a mix of sand and sawdust as insulation materials. The windows are two-
pane and with wood frames. The average primary energy use of the studied
apartments was 331 kWh/m?” per year that is an 81 % more than the Estonian

national regulations for apartment buildings subject to major renovations.

The study mentioned above makes different simulations with the IDA ICE software
applying different energy saving measures. Arumaégi and Kalamees (2014) explain
that “The key to energy savings is in the reduction of the heat losses through the building
envelope.” They claim that adding insulation to external walls, floors, roofs and
replacing or changing windows has a big impact on space heating energy
consumption. Despite the potential of the external insulation proposals from
Arumagi and Kalamees (2014), they will face the implementation difficulties
previously analyzed by Azizi et al. (2019) and Hoicka and Parker (2018).

Moreover, air tightness is an important aspect in historic wooden constructions,
thus, improving the envelope has also an effect on thermal bridges and air leakages.
These results now reaffirm the proposed improvement of air tightness presented by

Bjarlov and Vladykova (2011) theoretical models.

In the article by Arumigi and Kalamees (2014) the best simulation achieves a 63 %
reduction in energy use by: changing the insulation in the roof, external walls, and
windows, using a heat recovery in the ventilation system, and using a pellet boiler as

the heat source.

Now that the energy-saving part of the renovation is covered, it is time to look at
the comfort improvements. To this end, La Fleur et al. (2018) developed a survey
of general apartment comfort before and after major renovations. The building in
question is in Linkoping and was built in 1961, the renovation was carried out in
2014. The survey asked residents about thermal comfort, air quality and noise.
Simulations carried out using the IDA ICE software confirmed the accuracy of the
survey. The renovation carried out in by La Fleur et al. (2018) succeeded in
reducing the average U-value of the building from 0.54 to 0.29 W/m”-K. This
achievement was possible thanks to the application of insulation to the attic and
fagade, and also improvements to the windows. The typical exhaust ventilation

system was upgraded to a supply and exhaust system with a heat exchanger.



The survey and the simulation agreed that thermal comfort improved substantially
due to the building renovation, the simulation stated that the thermal comfort
improved from unacceptable to acceptable in accordance with European Standard
EN 15251-2007. Respondents perceived an improvement in indoor air quality,
noting that problems with cooking odours substantially reduced. One third of the
respondents still have problems with noise, although this improved compared to
pre-renovation. In addition to an improvement in the overall environment, energy

costs have been reduced by 44 %.

In addition to the changes of the comfort levels studied by La Fleur et al. (2018) the
article by Ferreira and Almeida (2015) focuses on the relevance of the co-benefits
achieved in the renovation process. The author argues that the traditional approach
disregards relevant benefits obtained from the applied ER, resulting in the
underestimation of total added value to the property. The analysis of the article
divides these new benefits into two groups: those that can be felt at the level of the
building by the owner, and those that can be felt at the level of society, such as,
health effects, job creation and energy security. These benefits are difficult to
quantify, hence the complexity of their inclusion in conventional cost-benefit
calculations applied in the feasibility analysis process. To address this, the author
emphasizes the need to use existing methodologies and tools to apply this approach

in national policy processes.

Despite the emphasis in the article, the author never mentions or describes the
methods that can be used to measure co-benefits, leaving the reader with a
significant knowledge gap. The issue of measurement in science is not new, and this
article brings to mind the following quote from the British physicist and
mathematician William Thomson: “When you can measure what you are speaking about,
and express it in numbers, you know something about it, when you cannot express it in
numbers, your knowledge is of a meager and unsatigfactor)/ kind; it may be the beginning of

knowledge, but you have scarcely, in your thoughts advanced to the stage (j‘science”.

This literature review examines various aspects of incentivizing homeowners to
implement energy measures in their homes, focusing on historical and economic
perspectives as well as social considerations. The review highlights the importance
of addressing social differences between homeowners and the characteristics of their
homes in incentive programs. It also looks at the challenges faced in implementing
energy efficiency measures, such as prioritizing simpler and cheaper options over
more effective long-term solutions. In addition, it presents studies on improving the
performance of dwellings without altering the architectural expression and on the
potential for energy savings in historic dwellings. Finally, it addresses the need to
consider co-benefits beyond energy savings in retrofit projects, while acknowledging

the challenges of quantifying these benefits.



2 Theory

In this section, the theoretical basis of the concepts used in the energy audit and the

guidelines for the development of the audit are developed.

2.1 Heat transfer losses

Heat transfer occurs mainly due to three mechanisms, namely, conduction,

convection, and radiation, which can act independently or in combination.

Conduction can be described as the flow of heat through a material by direct
molecular contact (Hagentoft 2001), the heat transfer can occur within a material or
between two different materials in contact. It is the most important heat transfer
mode for solids. Convection is the “transfer of heat between two bodies by currents of
moving gas or fluid” as said by Sokolova (2019). This is an important heat transfer
mode between fluids and solids, or within fluids. Finally, radiation heat transfer is a
mechanism where heat waves are emitted, by any body above absolute zero, and
may be absorbed, reflected, or transmitted through a colder body (Stewart 2021).
Radiation is mostly of importance for heat transfer between solids and within highly

porous solids.

In the context of building heat transfer, conduction, convection and radiation work
in combination, for instance, in a sunny summer day the exterior part of the
envelope is heated thanks to radiation of the sun, then heat travels through the
envelope thanks to the conduction mechanism, ones the heat has reached the
interior part of the envelope, convection mechanisms transfers heat to the air
molecules that eventually, thanks to their movement, raise the overall temperature

of the building.

2.1.1 Thermal Resistance (R)

Thermal resistance (R) is defined as the “ratio of the temperature difference between the
two faces of a material to the rate of heat flow per unit area” by Mishra et al. (2019) or in
other words, it represents the ability of the material to oppose heat flow. The higher
the value of R the lower the heat transfer that is produced through the layer of

material, and thus the lower the heat losses. R can be defined with the equation 1.

_d[m*-K
=31 w (1)
d = thickness of the material layer [m]

A = thermal conductivity [W/m K]



Thermal conductivity is a physical property of materials that measures the ability to

conduct heat.

Heat transfer from a construction element to its surroundings takes place thanks to
convection and radiation mechanisms. In practical applications, these processes are
approximated by a fictive material layer between the envelope and the ambient. In
normal building applications the fictive resistance on the inside towards the heated
room is set to be Ry = 0.13 m?-K/W, the outside fictive resistance is set to be

R = 0.04 m’-K/W (Hagentoft 2001).

When several material layers are in contact, the R-value can be summarized as

follows in equation 2.

Rtot=Rsei+ZRi+Rsi (2)

2.1.2 Heat flux (q)

Once the concept of the thermal resistance has been introduced, the heat flux
through a material can be explained. Equation 3 shows how the heat flux (q) is

related to the difference in temperatures and the R-value.

T, —T, [W]
q= —
Rioe Lm2 (3)

T; = inner temperature (°C)

T. = external temperature (°C)

2.1.3 Thermal transmittance (II)

The thermal transmittance or U-value is defined by the equation 4 or by the inverse
of the total thermal resistance (R) (equation 5). It gives us information about the
quantity of heat that flows through a one square meter of a constructive material
that has an air temperature difference of one degree Celsius for both sides

(Willoughby 2002).

U

~Trs bew
T -1 Im? K “

1 [ 14 ] (5)
RtOt mZ'K

The U-value (equation 4) and heat flow (equation 3) can be combined resulting in

the equation 6.
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N
Qtransmission = Z(Ui ) Ai) (T; - T,) [W] (6)

i=0
A; = area of construction element i (m?)

U; = U-value of construction element i (W/m?:K)

The total average U-value of the building, or part of it, can be calculated with the

following equation 7.

N
o w
Ugng = Z(Ui - %A;) [mz K (7)
i=0

%A; = percentage of the total area occupied by the construction element i

With the equation 6 and knowing all the U-values of the construction materials, the
area they occupy, and the temperature difference between outside and inside, we
can estimate the power transmission losses that occur in a building through
construction elements such as envelope component, such as ceiling, external walls,

floors, doors, windows, etc.

To know the energy associated with the transmission losses the method of the
degree hours is used in this work. The degree hours, defined by European legislation
Asociacion Espanola de Normalizacion y Certificacion (1988), is the sum of the
temperature difference, between a reference value for the inside of the building and
the recorded temperature outside, when the temperature outside is below the
reference inner temperature, the time span of the sum is a year. The energy losses

with the degree hours method are calculated with the equation 8.

N
Eiransmission = Z(Ui ) Ai) -°h [Wh] (8)
i=0

Etransmission — €nergy losses through the envelope (W-h)
°h = degree hours

The degree hours in the location of the studied house can be found using SVEBY
(2009) data tables.
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2.1.4 Thermal bridges

When studying the heat transfer in the building envelope the thermal bridges also
need to be considered, these are defined as a part of construction where, thermal
conductivity is higher than the surrounding, due to a change in shape, thickness, or
material, this creates a path of least resistance for heat transfer (Saied et al. 2022).
Thermal bridges usually appear in window frames, junctions, balconies and

penetrations through the envelope such us pipes or ducts.

Heat losses through the thermal bridges are defined with the equation 9.

N N
qrp = (Z¢TBi'Li+ZXj) (W] (9)
i=0 i=0

Wigi: Thermal transmittance coefficient for linear thermal bridges i (W/(m-K))
Li: Length of the linear thermal bridge i (m)
Xj: Thermal transmittance coefficient for point thermal bridges (W/K)

If equation 9 is multiplied by the degree hours 10, the energy associated with the
losses produced by the thermal bridges are obtained.

N N
Ers = () oL+ ) X)) °h [Wh] (10)
i=0 i=0

2.1.5 Transmission energy losses

Equation 11 is the result of the sum of the transmission losses through the envelope
(equation 8) and the energy losses due to thermal bridges (equation 9). It represents

the total energy loss due to transmission through the building envelope.

N N N
Etransmission = (z Up-A; + Z Yrpi - Ly + z Xj) - °h [Wh] (11)
i=0 i=0 i=0
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2.2 Ventilation losses

To ensure the comfort of homeowners, ventilation is an essential part of maintaining
the correct indoor climate. It can be defined as the air flow between the outside and
the inside of the building (Guedes 2013) .Natural ventilation originates from two
natural forces: pressure differences created by the wind around the building and
temperature differences, and the combination of those two. For this reason, it is not
possible to design a system of set ventilation rates, as this will vary according to
external climatic conditions. This leads to the reduction of their use due to the
requirements of the new standards, which require mechanical ventilation systems

(Curd etal. 2001) .

Despite the above, natural ventilation systems have the advantage that no power

supply is required, hence there is no maintenance costs.

In the specific case of a house, it is interesting to consider how it works throughout
the year, with the atmospheric variations. In summer, the temperature difference
between inside and outside decreases, as does the strength of the wind, resulting in
poorer ventilation. On the other hand, during the cold months, the temperature
difference between inside and outside is considerable, as is the strength of the wind,

resulting in high ventilation and therefore considerable heat loss.

In order to calculate the previously mentioned load losses, it is interesting to obtain
the heat transfer coefficient in equation 12, and then in equation 13, using this

equation, the energy loss due to ventilation will be obtained.

1474
Hsz'Cair'pair[T (12)
F=volumetric flow rate (m?/s)
Cair = heat capacity of air (k]/kg °C)
P.r—=density of air (kg/m?)
EU :HU'Oh[Wh] (13)
H,=heat transfer coefficient (kW /K)

© h:degree hour

It is necessary to acknowledge the volumetric flow rate of ventilation in the dwelling
(equation 14). For this purpose, based on the measurements carried out, which will
be discussed below in Ventilation section of the Methods chapter, the air change per

hour (ACH) is taken as a starting point.

n-v

F= 3500
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n= air change rate (h")

V= enclosing volume of envelop (m?)

2.3 Domestic hot water

Domestic hot water (DHW) use contributes to the energy balance of the building. A
limitation faced in this type of study is the difficulty in knowing the amount of water
that is heated, as only the total amount of tap water is shown in the bills. Prof.
Roland Forsberg with its years of experience in the building sector usually estimates
that /3 of the water consumption is dedicated to DHW. With the amount of water
that needs to be heated, equation 15 provides the energy needed by the DHW

system.

E _ Y9onw " PH20 CPh2o - AT [kWh]
bHW 3600 - 1000 year

Epuw = energy use of the DHW system (kWh/year)
gouw = Domestic hot water use (m*/year)

P20 = water density (1000 kg/m’)

Cp20 = heat capacity of water (4.18 k] /kg °C)

AT = difference of temperature, (usually 50°C (Boverket 2012))

2.4 Solar radiation

Solar gains also contribute to the energy balance of a building, in order to compute
them the method used by SVEBY (2009), equation 16, is used.

Wh
] (16)

N
Esolar = ZAi g e d [year
i=0
A; = window glass area of window i (m?)
q’i = radiation intensity against the window i (Wh/m?)
r; = solar heat gain coefficient to window i (SHGC)

¢; = cloudy factor of the studied month

d’; = duration of the studied month (days/month)
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The SHGC is defined by the U.S. Department of Energy (2024) as “the fraction of
solar radiation admitted through the window either transmitted directly and/or absorbed, and
subsequently released as heat inside a home”. This value considers different types of

shaders and glasses.

The months that need to be considered in the solar gain calculations are half of
September, October, November, December, January, February, March, April and
half of May.

Typically, the average solar gain value for a standard SFH in Sweden is
1 000 — 3 000 kWh/year, considering the entire dwelling. (Boverket 2012).

2.5 Internal heat sources

Appliances and people contribute to the energy balance of the dwelling. As the
SVEBY (2009) points out, a person doing light activity or resting emits around 80
W to the environment. Also using information from SVEBY (2009), around 70% of

the electricity used by appliances is converted to heat.

In the dwelling wood combustion takes places for cooking and heating proposes, to
compute the contribution that combustion makes to the energy balance equation 17

is used.
EWOOd = AH ¢ m ( 17 )
AH = combustion heat (M]/kg)

m = mass of combustible (kg)

2.6 Degree hours and normal year correction

As explained above the degree hour method is used to calculate the energy

associated with the ventilation and transmission energy losses.

Annual temperatures vary from year to year, so the results of the heat balance
obtained without taking these variations into account must be adjusted using the

"degree—hour correction".

As it is explained by Rahif et al. (2022) the balance temperature for similar buildings
as the studied can be assumed to be 20 °C.

In the following equation 18 can be seen how the correction is made by multiplying
the temperature dependent energy use of the building by the so-called Energy
Index.

Snormal year

Energy Index = (18)

actual year
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Shormal Vear:degree days of a normal year

Sictual yer —degree days of a actual year

2.7 Building energy balance

The conservation of energy is a principle of physics according to which the energy of
interacting bodies in a closed system remains constant (Britannica 2024). In other
words, as Antoine-Laurent de Lavoisier said, “energy is neither created nor destroyed, it
is transformed”. This is also applied for buildings and thus the energy supplied to the
building must be the same as the energy lost (equation 19).

Ein = Eout (19)

The energy input (E;,) in the dwelling is defined as equation 20 shows.

Ein = Esupplied + Esolar + Einternal sources (20)

Eouppled = energy supplied to the heating system of the building
Ear = energy from solar radiation gains

Einternal sources = energy from both people and appliances.

The energy lost (E..) is defined by the equation 21.

Eout = Etransmission + Eventilation + EDHW (21)

Etansmission — energy lost through the envelope by heat transfer mechanisms and

thermal bridges
E.cntilation = €nergy lost due to ventilation

Epuw = energy loss due to domestic hot water system

2.8 Power requirements for the space heating system

There are different methods to estimate the power required by the heating system,
one of them is based on the DVUT (Dimensional Winter Outside Temperature)
calculation (Boverket 2023). Equation 22 uses transmission losses, ventilation losses

and DVUT temperature to compute the minimum heating power.

N N N
Paim = (Zui‘Ai+zlp73i‘Li+sz+F'Cair'Pair>
i=0 i=0 i=0 (22)

- (T, = DVUT) [W]
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2.9 Miljobyggnad environmental certification

The most widely used environmental certification for Swedish buildings is
Miljobyggnad, a system developed by the Sweden Green Building Council (2024).
This system allows to certify all kinds of buildings, from SFH to apartment
buildings, schools, and hospitals. The certification attributes three different grades:

Gold, Silver and Bronze based on 15 indicators, which are divided as follows:
Energy use indicators:
1. Heat output requirement
2. Solar heat load
3. Energy use
4. Share of renewable energy
Indoor environment indicators:
5. Sound
6. Radon levels
7. Ventilation
8. Moisture levels
9. Thermal climate winter
10. Thermal climate summer
11. Daylight
12. Legionella
Material use indicators:
13. Building materials
14. Hazardous substances
15. Climate impact of the frame foundation

For the scope of this project only energy use indicators 1, 3 and 4 will be
considered, as the indoor environment and material use indicators are not

considered to be the focus of this project.
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For the calculation of indicator 1, the Phet demand Needs to be calculated using
equation 23 which is extracted from Sweden Green Building Council (2024),
afterwards depending on the Fy,, which for the location of the studied house
(Gavle) is 1.1 (BBR 2018), the calcification of the indicator can be computed using
Table 1. For instance, if the Phca demand is set to be 16, and Fy,is 1.1, the coalification
for indicator 1 would be silver, as the product of Phcat demand * Fyeo is between 20-Fy,
and 15-Fy.

Z Ui : Ai + H‘U
Pheat demana = ) - (T; — DVUT) (23)
om

Plicat demand = heat power demand (W /m?)

Aom = total enclosing area of the building (m?)

TABLE 1: HEAT POWER DEMAND (W/M)) LIMITS AND CALCIFICATION ACCORDING TO MILJOBYGGNAD FOR

INDICATOR 1.

Building type Bronze Silver Gold
New Residential <25 Fgeo <20-Fgeo <15Fgeo
New Non-residential <30 Fyeo <24Fyeo <18 Fyeo
Already existing buildings =R E ORI <30-Fyeo

For computing indicator 3, the primary energy number (EP,.) needs to be
calculated using equation 24. Note that the energy from the appliances does not
have to be included in this calculation, moreover, the energy that must be used in

the calculation is the used energy not the delivered from the heating units.

E. .
1 (FSh'l + Esc; + Epaw,i + Efe,i) -WF; (24)
EP — geo

pet

Atemp

EP, = primary energy number (kWh/m? - year)

Esh,i = space heating energy from energy carrier i (kWh/year)

Esci = space cooling energy from energy carrier i (kWh/ year)

Epnw,i = domestic hot water heating from energy carrier i (kWh/year)
E.; = facility (or property) energy from energy carrier i (kWh/year)
WE; = weight factor for energy carrier i

Atemp = area heated or cooled (m?)
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The Weight factor for the different carriers can be found in Table 2.

TABLE 2: WEIGHTING FACTORS FOR DIFFERENT ENRGY CARRIERS (BBR 2018)

Carrier Weight factor

Electricity 1.8
District heating 0.7
District cooling 0.6

Biofuels 0.6
Fossil oil & gas 1.8

Knowing the primary energy number, the heated area, the installed electricity
power and the average U-value it is possible to know the certification achieved for
indicator 3 using Table 3 and Table 4. For a given heated floor area, if at least, the
primary energy number, the installed electricity power and the average U-value
meet the requirements set in Table 3 then the building gets a bronze certification, if
not it does not get any. If the primary energy number, the installed electricity
power and the average U-value are less than the 80 % set by Table 3, silver
certification is achieved, while if they are less than the 70 % gold certification is

achieved.

TABLE 3: ENERGY USE REQUIREMENT LIMITS BBR (2018)

A¢emp Of SFH  EPp (kKWh/m?> Installed electricity U,
year) power (kW) (W/m*K)

>130 m? 90 4.5+1.7 (Fyo-1) 0.3

>90 — 130 m’ 95 45417 (Fyo- 1) 0.3

>50 — 90 m? 100 4.5+11.7 (Fgeo- 1) 0.3

<50 m? : i 0.33

TABLE 4: CERTIFICATION FOR INDICATOR 3

Building type Bronze Silver
Residential Validation of the < 80% of the < 70% of the
requirements requirement requirement
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For the calculation of indicator 4, the tool published by (BBR 2018) is used. This
tool considers different energy sources and its composition, for instance a PV system
is 100 % renewable while wood is 100 % biofuel, with the input of the different

energy sources used in the dwelling the tool provides a certification for indicator 4.

2.10 Net present value and payback period

The net present value (NPV) is a method for evaluating and comparing projects that
require a monetary investment by discounting the value of future cashflows to their

present value. It can be calculated using equation 25.

_@+d¥ -1

NPV = —————
i (L+0)N

'A,_I (25)

i = discount rate

N = number of periods (years)

A’ = saving per period (SEK/year)
I = investment (SEK)

As explained by Ebel et al. (2019) the NPV is the total gain of the investment, when
both the savings and the investments have been considered during the lifetime of the
loan. Therefore, a positive or non-negative NPV means that the investment is

economic.

The payback period is used to determine how long it takes to recover the initial
costs associated with an investment (Kagan 2024). It can be computed using

equation 26.

Investment cost (26)

Payback lod =
ayback perto Average annual savings
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2.11 Energy audit

An energy audit can be defined as: “inspection or survey analysis of energy flows in a

structure, in a process or in a system, intended to reduce the amount of energy input without

negatively affecting the outputs” (Allouhi et al. 2018) .

There are three main steps that need to be taken in order to properly carry out an

energy audit (Thumann et al. 2010) :

First step: This process should start with a visual inspection of the dwelling
and in particular each of the energy using systems. This should be
accompanied by an evaluation of energy use data to analyze energy use

quantities and patterns.

Second step: A detailed review of the energy demand profile. The purpose
of this step is to quantify energy use and losses through a more detailed
review and analysis of equipment, systems and operational characteristics. If
necessary, this step could also include additional measurements to those
obtained in the previous case to determine more concrete values of energy

use and efficiency of particular elements.

Third step: The importance of this step lies in the cost-effectiveness analysis
of the possible measures to be applied to the property identified in the
previous step. The correct approach in this process would be to provide life-

cycle cost rather than the simple payback period Sharma et al. (2021).

21



3 Methods

This section develops the different methodology followed in the study. The first
applied approach is energy usage, the aim of this process is to understand the
prevailing conditions, simulations to evaluate improvement measures and economic
analysis of them. Related to this approximation hand calculations to the information
from the audit evaluate annual energy use to assess whether the assumptions,
obtained information and observations are reasonable with regard to the annual

energy demand.

The mentioned methodology followed the procedure indicated in Figure 2.
Subsequently, in this section of the study, the steps presented in the Figure 2 will be
detailed.

* Pre-meeting to get acquainted with the use of the measuring
instruments.

* Data collection.

* Data analysis and identification of the energy saving potential.

* Energy analysis of the proposed energy efficiency measures.

* Cost analysis of the proposed energy savings.

FIGURE 2: VERTICAL LIST OF THE FOLLOWED STEPS IN THE METHODS

3.1 Data collection

3.1.1 Interview

Interviewing the homeowners is an essential part of sizing the house correctly,

interviews were conducted face-to-face and via telephone.

These meetings allowed the homeowners to provide their monthly electricity bills
from April 2023 to March 2024 (Figure 3), as well as their annual water (85 m*) and
wood consumption (4 m’). Table 5 shows the overall energy costs according to
Swedish Forest Agency (2024) for wood and the analysis made by Elpriser (2024)

for electricity.
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Wood is used both for heating and auxiliary cooking purposes, the homeowners
stated that the stove is normally only used in the winter season (mid-September to
mid-April). Related to this information, it is important for the analysis of this paper
to point out that this property is inhabited by two adults.

It also provided an opportunity to gain an understanding of the homeowners'
electricity consumption patterns in areas such as the use of electrical appliances and

li ghtin g.

Finally, these interviews, together with Professor Roland's knowledge, determined

the construction materials.
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FIGURE 3: ELECTRICITY USE FROM THE BILLS
TABLE 5: OVERALL ENERGY COSTS
Energy Source Use Price Cost

Electricity 14 369 kWh | 2.46 SEK/kWh | 35 347.74 SEK

Wood 4m? 674 SEK/m? 2 696 SEK

TOTAL 38 043. 74 SEK

3.1.2 Visual inspection

The dwelling under study in the thesis consist in a historical wood construction built

at the late 19" century and located in Stratjara, Gavleborg County in Sweden.
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The land on which the property is situated has a separate barn, a guest cottage
attached to another barn and the main house which is the focus of the studio. All the
above structures are made of wood. The location of these structures on the site and

their dimensions are shown in Appendix D.

The property is a two-story building with an additional basement with independent
access from the outside, which is used as a storage room for the heat pump. There is
also an external access to the foundations of the house, where it is possible to

observe how the house rests its wooden construction on a stone base.

The possibility of visiting the house on several occasions allowed a thorough visual

analysis.

On the one hand, an inventory of the electrical equipment in the house was
conducted, giving special importance to the collection of technical equipment. This
allowed us to obtain the complete technical data sheet (Appendix D), thus
completing information as important as the COP of the heat pump. In addition to
the household appliances, an inventory of the property's light bulbs was carried out
and the installed power of the bulbs was determined (Appendix B).

The mentioned inventory gave a complete view of the heating system of the
dwelling, where four different heating systems coexist. Firstly, as previously
mentioned, the property has a heat pump which heats the water from the radiators
(Table 6), all radiators have the same dimensions (0.95 m x 0.6 m). Secondly, there
is an old wood-burning stove in the kitchen, which serves two purposes: it is used to
cook food and to heat the room. Moreover, there is also a fan-coil (“split”) installed
in the kitchen. Finally, the upstairs room has an electric radiator (900 W) as its only

heating system, as it is not connected to the rest of the radiator system.

TABLE 6: INVENTORY OF THE WATER RADIATORS

Room No. of radiators

Kitchen 2
Basement 2
Livingroom 2
Bedroom 1

With the data from the thermometers inside the house and assuming different
temperatures based on the inspection of the attic, basement and soil, the

temperatures in Table 23 have been established.
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On the other hand, being in the house allowed us to feel the comfort problems that
the homeowners explained to us, as in the case of the door leading from Hall 1 to
the kitchen, where it was possible to feel the air passing through and the floor being

very cold in the area surrounding the door.

3.1.3 Measuring instruments

As can be seen in Figure 2, the study included not only visits to the property, but

also a meeting in the laboratory to explain the measuring equipment.

CO; measurements were carried out using two CL-11, Rotronic instruments, which
measure CO, with an accuracy of £5 % of the measured value and are set to sample
every 10 minutes. The instruments also measure air temperature with an accuracy
of £0.3 °K and relative humidity with an accuracy of <2.5 %. The range of
measures of CL-11 Rotronic is from 0 to 5 000 ppm for the CO, levels, from 0 to
100 % for the relative humidity and from -20 to 60 °C for the thermometer. The
instruments were placed one in the living room near the TV as it is a centric
positioning and did not disturb the homeowners and one in the bedroom on a chest
of drawers as it was the nearest place with an electrical outlet. It is worth noting that
the house is occupied by two tenants, hence the motivation to evaluate CO, and
temperature measurements in these two rooms as they are the most frequently used
rooms. The sensors were placed in the house during one normal weather week of

April.

The hot-wire probe anemometer (8360-M-S, TSI, USA) measured the air
infiltration that in the door of the kitchen to the foyer as the homeowners explained
us that the door does not fit correctly to its frame. The operating range of the used

anemometer and its accuracy are shown in Appendix D.

The examination of the dwelling using a thermal camera (E76, FLIR, USA) was
motivated after reviewing the articles written by Guerrero et al. (2003) and by
Bjarlov and Vladykova (2011). The examination followed a similar procedure as the
one explained by Guerrero et al. (2003) in the search of hidden elements, presence
of cracks, location of structures and thermal bridges. It was concluded that there
were no significant hidden elements or cracks in the envelop. Although, significant
thermal bridges appeared in the wall joints of the kitchen with the foyer, in the
north-west corner and the corner between the kitchen and the secondary entrance
room, in Figure 4 shows the thermic pictures of those thermal bridges. The
locations of structures and building elements such as nails helped us understanding
how the building was constructed. The accuracy of the used thermal camera is
12 °C or £2 % of the reading.
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FIGURE 4: A T.B. KITCHEN-FOYER, B T.B. NORT-WEST CORNER, C T.B. KITCHEN-SECONDARY ENTRANCE

Electricity, wood and water consumption and costs were collected from the bills of

the previous year 2023, from January to December.

The development of the study also requested of the Excel software to analyze data

and Minitab to plot the mentioned data for its easier comprehension.

3.1.4 Ventilation

The building under study uses natural ventilation to meet its ventilation demand. To
know the ventilation air flow, the most suitable method is to use the CO, levels
recorded by the sensor. The research followed the method explained by Jimenez
(2020) based on the decay of the CO, levels as an approximation of the ventilation
rate of the home. Determining the time taken for the CO, levels to fall to 37 % of
their peak excess value provides an approximation of the ACH, which is easily

obtained from the readings of the sensor placed in the bedroom.

In the case study, plotting the data collected from the bedroom sensor (Figure 5)
enabled the determination of the ACH rate. As can be deduced from Figure 5,
during April the 6" the owners were not at home, which resulted in a more stable
curve in the system without peaks, for this reason it is this date that was taken as the
reference for the calculations. The method used is explained in more detail in the

Appendix B. The approximate ACH rate of the building is0.46 h'',
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FIGURE 5: CO, LEVELS IN THE BEDROOM

Comparing the results obtained using this method with those obtained by Bornehag
et al. (2005) in Swedish households helped to validate the results. This study
indicated that the average ACH value is 0.41 for properties built before 1960, close

to the measurements taken.

It is important to note that Bornehag et al. (2005) concluded that ACH ratios below
0.5 lead to adverse health effects, hence the need to plan in the improvement

proposals a new ventilation system to increase indoor air ventilation.

3.1.5 Thermal bridges

The lack of detailed information on thermal bridges led to the application of a more
practical consideration based on the inclusion of the external walls in the heat
transfer losses. The aim of this method is to overestimate the number of thermal

losses, considering the contribution of thermal bridges to the total.
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3.2 Data analysis

3.2.1 Dwelling sizing

The visits to the house enabled the measurement of the building and the rooms and
areas. Afterwards, the documented dimensions permitted the drawn up of plans,
since the owners did not have any, the AutoCAD plans are in Appendix D and show
each of the facades and floors. The total floor area of the building is 193.2 m’.
However, the heated area in the property is much smaller (98 m?), as there are
fewer isolated rooms to be used for living. Table 7 shows the zones of the building,
which floor they are located, its celling height, the floor area and if they are heated

or not.

TABLE 7: ZONES AND ROOMS OF THE DWELLING

Zone Floor Room height (m) Floor area (m?) Heated

Attic 2 2.1 77.33 NO
Livingroom 1 2.3 26.09 YES
Kitchen 1 2.3 25.82 YES
Bedroom 1 2.3 16.66 YES
Basement 1 0 1.75 10.88 YES
Guest room 2 2.1 8.1 YES
Basement 2 0 1.75 8 YES
Wardrobe 1 2.3 4.94 NO
Hall 1 1 2.3 6.45 NO
Hall 2 1 2.3 3.5 NO
Storage 1 2.3 2.967 NO
Bathroom 1 2.3 2.47 YES
TOTAL 193.25

3.2.2 Hand calculations

The hand calculations were performed to evaluate the energy use of the house and
to verify that the data collected during the visits and interviews as well as the
assumptions considered were reasonable with respect to the actual energy use
extracted from the bills. The manual calculations employed the knowledge
explained in the theory chapter, this section presented the steps used for computing

the energy balance in a chronological order.

3.2.2.1 U-values

The first step in the hand calculations was to calculate the U-values of the different
constructions materials that are in the dwelling. These calculations were based on
the different materials that make up each constructive elements, their thickness and
their thermal conductivity. With all this data, equations 1, 2 and 5 were used to
calculate the U-values. All these calculations were carried out using Excel and they

can be found in Appendix A.
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3.2.2.2 Heat transmission losses

Once the U-value of each building material were known, the heat transmission
study was carried out. This calculation was also performed in an Excel sheet, and
the product of U and A was calculated as it was used later on in the procedure,
equation 6 was also used to calculate Quansmission, this value helps identifying which are
the zone that losses more energy. Table 22 summarize these calculations that can be

found in Appendix B.

3.2.2.3 Ventilation losses

For the study of ventilation losses, first the approximation of the ACH from the CO,
levels was performed, as explained above. After that, the calculations of the actual

losses were made using equation 14.

3.2.2.4  Domestic hot water

The domestic hot water energy use was calculated based on the total water
consumption (85 m’), that was obtained during the interviews with the

homeowners. Equation 15 was used to perform the calculation.

3.2.2.5 Solar radiation

The solar radiation gains were performed in an Excel sheet that can be found in
Appendix E. To carry out the calculations, the first step was to know the area of
windows in each fagade. A distinction was made between the types of windowpanes
(1 or 2 panes) and whether or not the window was located in a heated room. Once
the distinction was done, equation 16 was applied, for which the values of radiation
intensity (q), solar heat gain coefficient (r), cloudy factor (c) and duration (d) were

needed, these values were extracted from SVEBY (2009) documentation.

3.2.2.6  Internal heat sources

Two types of internal heat sources were identified in the study, those coming from
the metabolism of people and those coming from household appliances. The
inhabitants heat generation was approached considering the ratio of heat emitted by
an adult according to SVEBY (2009) and the hours that the homeowners stay at
home according to the interview. The heat gain due to the effect of the appliances
inside the building was carried out first following the house inventory develop
during the visits to the property and the corresponding technical data sheet of each
appliance. See Appendix B for more information on lighting and appliances

inventory.
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3.2.2.7 Degree hours and normal year correction

The degree hour method was used to know the energy associated with the
transmission and ventilation losses. Due to the lack of a weather station in the village
where the house is located, it was decided to analyze the data from the weather
station in Gavle. For Gévle, the SMHI (2023) provides hourly meteorological data
of the last 30 years, this data was analyzed with Excel, calculating the degree hours
and the normal year correction (equation 18).

3.2.2.8 Energy losses

Once the degree hours and the normal year correction were known, one can
proceed to compute the energy losses associated with ventilation (equation 13) and

with the transmission (equation 11).

3.2.2.9 Energy balance

Finally, the energy balance was arranged. To do so, it was necessary to know in
which part of the balance each calculated energy terms belongs. In this particular

case the “energy in” part is formed by:

® Energy supplied by the heating system (both the water radiators and the

electric heater)
® The solar gains

® Heat supplied by the internal sources

While the “energy out” part is formed by:
e DHW energy use
® Transmission energy losses

® Ventilation energy losses

3.2.2.10 Minimum power requirements

The minimum power requirements of the heating system using was calculated using
equation 22. The DVUT temperature in Givle can be extracted from Boverket
(2017). The building time constant required for knowing the DVUT is assumed to
be 33.9 h according to Hedbrant (2001) which does a building time constant study

in similar buildings.
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3.2.2.11 Miliébvggnad energy certification

In this work the Miljobyggnad energy certification was used before and after the
implementation of each scenario. For the scope of this project only indicators 1
(heat output requirement), 3 (energy use), and 4 (share of renewable energy) were
considered. All of them were calculated using the tools available at the website of
the Swedish Energy Agency (2024) and according to the explained calculations in
the theory chapter. The calculations can be found in Appendix B.

3.2.3 IDA ICE

As mentioned in the paper, the simulation was performed using IDA ICE 5. Two
simulations were carried out to obtain a complete picture of the housing situation
and the impact of the proposals to be made on it. This section will explain

chronologically the input of data into the software.

The base model tries to replicate the actual energy performance of the house. To
create the model, the first step was to create the 3D structure in the software based
on the drawings previously made. The 3D model (Figure 6) respects the dimensions

of the walls and roof as well as the distribution and size of its windows and doors.

FIGURE 6: 3D MODEL OF THE BUILDING IN IDA ICE
After creating the 3D model, a series of energetic parameters were entered into the

software:

® Jocation: the location gives IDA ICE the climate records to correctly

perform the simulation, Gavle was chosen as it is the closes location that

IDA ICE had available.
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® Wind profile: as the house is in a village surrounded by other houses it was
considered that the best wind profile is SUBURBAN (ASHRAE 1993).

® Holidays: the holidays profile was set to be Public Holidays in Sweden

Moreover, the constructions materials of each part of the dwelling were
characterized with the U-values shown in Table 22. In the case of the windows, the
size of the glass that they used was determined according to the house plan in

Appendix D.

Regarding the thermal bridges, the IDA ICE program proposes a table for the
configuration of them, in which categories are established to classify losses from
“non-existent” to “very poor”, applying to each of them a corresponding value of
heat transfer coefficient. From the thermic camera measurements, it was decided to
set all thermal bridges to “poor”, except the ones related to the doors and the roof

that were set between “poor” and “very poor”.

To simulate the natural ventilation that the building has, the “infiltration” menu

comes on hand, in this menu a fixed ACH as the infiltration rate was set.

Moreover, the domestic hot water was set in the “extra energy and losses” menu.
The use of DHW was set to be evenly distributed through the year, even though in

reality is possible that during winter season the use is higher than during summer.

Regarding the modeling of the heat pump, the central systems menu was used, the
AHU was removed, and a “Plant” was added, which was characterized by the
addition of an ambient air to water heat pump as base heating. The heat pump

model stipulated a COP of 3.35 as detailed in the data sheet (Appendix D).

Water radiators were also included in the model, they were set as explained in
Table 6, the dimensions are the same for each of them (0.95 m x 0.6 m), and they
were placed under the windows. The electric heater of the guest room and the fan-

coil of the kitchen were also included in the model.

To simulate the wood stove, it was considered as an element of internal gains that is
emitting heat uninterruptedly from mid-September to mid-April. It is complicated
to simulate the stove correctly, since the software does not allow an on/off
condition and therefore it is not possible to reproduce the real behavior of this
element. Therefore, the stove was simulated during the period explained above and
the heat output was calculated based on the energy release and the total hours of

use, the calculations of the power can be found in Appendix B.
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As far as appliances and lighting are concerned, they were simulated as internal gains
in the software. The same inventory used in the hand calculations was implemented
in the software, thus achieving the same internal gains as in the hand calculations was

considered adequate approximation to reality.

3.3 Energy measures

In this part of the methods section a number of energy measures will be proposed
which are relevant to the case study. An analysis of the economic feasibility of each
measure will also be explained. It has been considered that a Swedish SFH, with an
energy use similar to that of the case study, buys electricity at a price of 2.46
SEK/kWh (Solcellskollen 2024).The payback period is calculated using equation 26.

For the spec sheets of the materials and used devices, refer to Appendix D.

3.3.1 PV simulation

The high electricity dependence of households leads to the search for self-supply by
renewable energy methods that also allow for guaranteed supplies in the event of

electrical blackouts.

The evaluation of PV panels is based on solar irradiation data, residential electricity

demand and the Winsun PV tool.

For the irradiance values mentioned above, the latitude and longitude coordinates of
the location of the house, Stratjira, were input data into the program. These values

correspond to a longitude of 16.84 ° E and a latitude of 61.17 * N.

As is well known, the preferred orientation for the installation of solar panels is
south. As can be seen in the house plans, the property has a smaller roof in that
direction, which covers part of the kitchen and the entrance to the house. The roof,
calculated from the measurements taken at the property, has an inclination of 28 °, a
favorable value for this type of installation. However, the main limitation is its

dimensions, being 2.5 m x 5.65 m.

The simulation used typical values, such as a horizontal shading of 10 °, a ground
reflection factor of 0.3 and an electrical system efficiency of 95 %. An overview of
the input values and the graph of the output computed by the Winsun PV software
is in Appendix E.

Finally, the presentation of the results of the monthly electricity production of the
installation for each proposed power and the electricity demand for the
corresponding period shows which size of installation adapts best to the

requirements, without over-dimensioning the design.
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3.3.2 Services
3.3.2.1 Ventilation

The need to implement measures to improve house ventilation is based on the

results of CO, measurements already presented.

The aim of this section is to achieve the recommended ACH values for the health of
the owners and to ensure that these results remain when the wood-burning stove is
used in the kitchen. The measurements to be achieved in the home are in line with
the requirements of the Swedish building regulations BBR (2019): “Ventilation systems
shall be designed for a minimum outlet air flow corresponding to 0.35 L/s per m” floor area”.

As La Fleur et al. (2018) explains, one of the best ways to improve the air quality
and energy efficiency of the home is the installation of a ventilation system with
exhaust and supply equipped heat exchanger. The search for a simple and
economical installation that facilitates the feasibility of the project for the owners,
leads to the presentation of the Nano Air® 50 system marketed by the company
Aldes. It consists of a compact dual-flow ventilation solution that is integrated into

the external wall of the room and is equipped with a ceramic heat exchanger.

The desired system has a wide air flow rate range of 14 m*/h to 54 m*/h. To ensure
the achievement of the ventilation flow rate targets, it is necessary to change the
given limit values in units and divide them by the area. By adding a mechanical
ventilation flow rate within the given range to the natural ventilation, it is possible

to check the achievement of the minimum value required by the authorities.

However, these results depend on the airtightness, which will be modified by the

implementation of the possible measures proposed in this work.

It should be noted that the implementation of the ventilation system in IDA ICE is
carried out in the living room, since it is one of the rooms with more use and

connected both to the bedroom and the kitchen where the wood stove is placed.

3.3.2.2 Guest room

During the interviews with the owners of the house, one of the recurring topics was
the guest room. As explained above, this is a room located in the attic that has an
electric radiator working uninterruptedly during the winter months. It is interesting
that the radiator is not turned off and that it is intended to keep the room warm
even though it is only used sporadically. It is for all these reasons that this room is

considered to have great room for energy improvement.
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Some simple but effective solutions are considered, such as replacing the radiator
with one that has a thermostat and program it to maintain the temperature at 15 °C.
As the Gobierno de Espafia (2023) points out, on average decreasing the room

temperature by 1 °C can save up to 10 % of energy.

Another possible solution that can be considered is to install a water radiator in that
room, in this way the efficiency of the heat pump can be used. This solution
proposes certain technical challenges since the current hot water system of the

radiators would have to be extended.

Finally, the thermal insulation of the interior walls facing the attic has also been

considered.

3.3.2.3 Wood stove

Although the homeowners expressed their appreciation for the use of firewood, it is
necessary in this project to consider discontinuing the use of this method of heating
the home. This may lead to an improvement in air quality and a decrease in the total

energy used.

3.3.3 Insulation

When the dwelling does not comply with the primary energy number requirements,
the BBR (2018) recommends pursuing the U-values for the envelope detailed in

Table 8. The following measures are focused in reaching these values.

TABLE 8: RECOMMENDED U-VALUES FOR DIFFERENT PARTS OF THE ENVELOPE

Part of the envelope U-value (W/ mz'K)

Roof 0.13

Wall 0.18
Floor 0.15
Window 1.2
Exterior door 1.2
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3.3.3.1 Door

As already mentioned, it became clear during the visit to the house that the passage
between the hall 1 and the kitchen needed improvement. To this end, it was
decided to replace the door installation with a new one that does not allow air to
pass through. In addition, the replacement of the door was an opportunity to
decrease the U-value and thus also reduce the heat transfer losses. As Bjarlov and
Vladykova (2011) explain, improving air tightness can lead to significant energy

savin gs.

As it can be seen in the Figure 7, the door that connects the hall 1 and the kitchen is

a standard wood door with a thickness of 5 cm.

FIGURE 7: DOOR FROM THE KITCHEN TO THE HALL 1
This door could be changed by a new one with insulation material and a U-value of

1 W/K m?. In the market there are different companies that manufacture this type
of doors, the price is around 7 000 SEK.

The energy saved by changing only the door that connects the hall 1 with the kitchen
will depend not only on the reduction of heat transmission through the new
materials and thicknesses, but also on the reduction to losses due to air circulation

through the openings in the closures.

Regarding the last point, it is necessary to know the ratio of ventilation due to door
leakage to the total airflow in the dwelling. For this purpose, two types of

measurements were made during the visits to the dwelling.

Firstly, the existing openings between the door and the door frame were measured.
Subsequently, air velocity measurements were taken on several occasions using the
hot-wire probe. An average of 0.27 m/s was obtained, this result may not be
representative throughout the year because the change in outside temperature will

alter the air passing through the openings.
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From the combination of the above results, the calculation of the total air flow

through the door in the current situation was obtained.

Finally, to determine the reduction that this new acquisition would bring, it is
necessary to determine the ratio of the air flow represented by the door to the
whole house. Once this value is known, it is possible to consider the savings that

would be made by avoiding these losses.

The approach to the improvement obtained by varying the characteristics of the

door is analogous to the calculations proposed for heat transfer.

3.3.3.2  Roof

During the visit to the house, it was observed that more than half of the roof has no
thermal insulation (Figure 8). This insulation gap provides an opportunity to
improve the envelope of the house. As it is explained by Arumagi and Kalamees

(2014) a better insulation of the roof can lead to a reduction in heat transfer losses.

In addition, the Swedish Energy Agency (2024) states that additional attic insulation
can be one of the best energy measures to reduce energy bills, that the investment
can pay for itself in a short period of time and that the useful life of the measure is

long.

FIGURE 8: NON-INSULATED PART OF THE ROOF

Considering what has been mentioned so far, the proposed solution consisted in the
addition of 120 mm of fiberglass insulation (thermal conductivity 0.036 W/m-K)
and 15 mm of OBS panels (thermal conductivity 0.13 W/m-'K). For a better
insulation and for aesthetic reasons the same OBS panels could also be installed in

the insulated part of the roof, so the entire roof would have the same appearance.
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3.3.33 External walls

Regarding the insulation of the external walls, the proposed solution consists in the
addition of EPS panels of 8 cm (thermal conductivity 0.036 W/m-K) in the interior
face of the wall, to fix the insulation to the wall, a layer of mortar is added.
Moreover, to prevent deterioration of the EPS panels a gypsum plasterboard of
13 mm is also needed. The basement walls facing the soil are also upgraded with the

same procedure.

3.3.3.4 Windows

For the windows, it has been decided to change the 8 windows that are in the heated
area (excluding the basement) with two-pane windows with a PVC frame. The

selected windows have a U-value of 1.2 W/K m?.

3.3.3.5  Ceiling

The actual ceiling of the house is made of wood and sawdust as insulator, resulting
in a U-value of 0.39 W/K m’. This can be improved to 0.2 W/K m’ as
recommended by Chinchalkar (2023). This value can be achieved by adding extra

mineral wool insulation (8 cm thickness and 0.036 W/m-K thermal conductivity)

and OBS panels.

For each energy measure a new simulation is done in IDA ICE. The corresponding

thermal bridges are upgraded to typical when a building material is upgraded.

3.34 New energy use estimates

To estimate the energy savings and to perform the economic analysis of the
measures (except PV), IDA ICE simulations have been carried out for each of the
measures, starting from the base case, the corresponding thermal bridges are
upgraded to typical in the envelope related measures. Moreover, new IDA ICE

model has been created for each scenario.

In IDA ICE it has been decided not to add the PV panel system as this software is not
the most suitable for modeling them, instead it has been chosen to use Winsun PV

tool.

For a better understanding of the effect that the measures have on each other, it has
been decided to simulate different scenarios. Two possible scenarios have been
carried out, the first considers the measures that are cost-effective and the second
takes into account all the measures. Compliance with environmental certification

and economic performance will be analyzed for each scenario.

Regarding the target completion of the second scenario the scheme in Figure 9 has

been followed:
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YES : Analyze the
results
Select the ener Do the results meet
&y Run the simulation the environmental
measures e S ——
certification ? .
NO : Repeat this
process

FIGURE 9: PROCESS SCHEME FOR SCENARIO 2

The scheme above represents the process followed for the completion of the
environmental certification for Swedish buildings is Miljobyggnad. As it can be
observed the case starts with the selection of the energy measures, where after
running the simulation, it is checked whether the assessment objectives have been
met or not. If the results are insufficient, an additional energy measure is
considered, together with the previous ones. Furthermore, the suggestion of these

energy measures must be in line with the suggestion given by BBR (2018) for the non-

fulfilling dwellings, Table 8.
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4 Results and analyses

4.1 Validation of the models

4.1.1 Hand calculations

The result of the calculations show that the house has an electricity use of
14 443 kWh per year (Appendix B), while the real use, which is extracted from the
electricity bills is 14 369 kWh. The model is considered to be valid; the margin of
error is 1.2 %. When considering the total energy use from the all sources, both
electricity and wood (8 960 kWh), the total energy use from the hand calculations is
set to be 23 403 kWh and the actual energy use in the dwelling is 23 329 kWh, thus
the margin of error is 0.7 %. Since the margin of error is low i.e. <5 %, we

consider that the construction materials and other assumptions are valid.

4.1.2 IDA ICE simulation

In the case of validating the simulation, IDA ICE allows to know the energy usage
per months so that the validation can be more accurate. Figure 10 shows the energy
use extracted from the bills and the simulated energy use plus the percentage of
difference between reality and the simulation. It can be noticed that the months with
the most difference between the reality and IDA ICE are April, May, June, July,
August and September, they represent the non-heating season months. This
difference can be attributed to the distribution of use in the home appliances, the
wood stove, and the use of the domestic heat water. If the total energy use is
compered, which for the actual use is 23 329 kWh / year and in the IDA ICE
simulation is 23 656 kWh / year, the margin of difference is 1 % so we consider

that the simulation its fairly accurate, especially in the heating season months.
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6% 9%
3500 kWh 8%
S 4% , %
3000 kWh 17%
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2 000 kWh 1
278 -31%
1500 kWh
_ 0,
1000 kWh 7% 112%
- ° _78% -47%
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M Actual total energy use Total energy use IDA ICE

FIGURE 10: COMPARATION BETWEEN ACTUAL ENERGY USE AND IDA ICE SIMULATION
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In this section the energy input and output of both the simulation and the hand

calculations will be broken down, compared and explained.

4.1.2.1 Energy In

The energy in section consists of the energy that the dwelling gains from various
sources, such as: the solar gain, the heat energy given off by people, the wood stove,
the appliances and the energy provided by the heating system, both the electric
heater and the heat pump. The Table 9 shows the values obtained for each of these

sources, both in the IDA ICE simulation and in the hand calculations.

A difference can be observed between the values obtained by the software and those
obtained by hand calculations, the reason for these differences will be explained

below.

Starting with the solar radiation the difference is due to the fact that in the hand
calculations only the windows facing the space to be heated have been taken into
account, if all windows are taken into account the difference is 909 kWh (13.5 %).
For more information see the solar calculation tables for the heated area and non-
heated area in Appendix E. The difference between the people gains can be
attributed to the value of metabolic activity that IDA ICE considered. Another
difference that can be noted is that the electric heater uses more energy in the
simulation, this can be explained because IDA ICE has chosen to turn it on more

days than the hand calculations.

TABLE 9: ENERGY IN VALUES BOTH FOR THE HAND CALCULATIONS AND THE SIMULATION

HAND CALCULATIONS IDA ICE SIMULATION

SOLAR RADIATION 2 573 kWh 6 179 kWh
WOOD 8 960 kWh 8 956 kWh
PEOPLE 620 kWh 831 kWh
APPLIANCES 1 769 kWh 2 002 kWh
ELECTRIC HEATER 4320 kWh 4 479 kWh
HEATING SYSTEM 16 428 kWh 12 509 kWh
TOTAL 34 670 kWh 34 956 kWh

4.1.2.2 Energ¥ out
Table 10 shows the values obtained both in the hand calculations and in the IDA ICE

simulation for the energy out part. It can be notice that IDA ICE does not consider
the DHW to be part of the energy balance. The difference between the ventilation
values in the hand calculations and IDA ICE simulation can be attributed to different
calculations methods and more consideration in the characteristic of the building

materials used.
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TABLE 10: ENERGY OUT VALUES BOTH FOR THE HAND CALCULATIONS AND THE SIMULATION

HAND CALCULATIONS IDA ICE SIMULATION

DHW 1 640 kWh
TRANSMISSION 29 218 kWh 28 905 kWh
VENTILATION 3 812 kWh 6 043 kWh
TOTAL 34 670 kWh 34 948 kWh

4.2 Energy Measures

In this section of the results chapter the proposed the effect of each proposed energy

measure is analyzed.

4.2.1 PV panels

The design of the PV panel installation consists of 5 solar panels that achieve a total
maximum output of 3.125 kW,. This installation allows the production of
2 505 kWh per year, taking into account the climatic characteristics of the location
and the roof where the panels are placed. However, it is assumed that only 60 % of
the energy produced could be used directly in the house, the rest being feeded to
the electricity grid (Table 11).

TABLE 11: DISTRIBUTION OF THE USE OF PRODUCED ENERGY BY THE PV SYSTEM
Energy used in the dwelling 1503 kWh 3697 SEK
Energy sold to the network 1 002 kWh 1 002 SEK

TOTAL 2 505 kWh 4 699 SEK

Through this consideration a saving of 4 699.48 SEK is achieved, which would be
paid back with electricity savings in 10.2 years. If the NPV is considered, the

installation would start to pay off in the 15t year.
4.2.2 Services

4.2.2.1 Ventilation

To meet the Swedish building regulations, which require a minimum design air flow
of 0.35 L/ (s m?), ventilation improvements are required. The aim is therefore an
increase in the air flow in the house, which is the purpose of the Nano Air® 50

system installation.
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The air handling unit allows flexible management of the ventilation and, thanks to its
adjustable flow rate, can be adapted to the growing needs of the house, so that it can
be increased when wood is burned in the kitchen. The system can provide air flows

from 0.04 L/ (s m?) to 0.169 L/ (s m?).

In monetary terms, the installations will be in the order of 15 000 SEK, which will
not be amortizable, but will be necessary for compliance with Swedish standards
BBR (2019).

4.2.2.2 Guest room

As explained above, the guest room is the most energy-using room in the building,
i.e. 4479 kWh (30 % of total electricity use) which is equivalent to 11 018 SEK per

year. Three measures are proposed to reduce the energy use.

The first measure is to replace the electric radiator by one with a thermostat and
lower the temperature in the room to 15 °C. This would save up to 1 546.8 kWh
(3 805 SEK) with an investment of 1 280 SEK which would be recovered in only
0.34 years (4 months).

The second proposed measure is to install a water radiator connected to the general
water system, the energy savings of this measure would be 3 422.5 kWh, with an
investment of 9 250 SEK and a payback period of 1.10 years.

Finally, the third proposal is to improve the thermal insulation of the walls
separating the room from the attic. The energy savings would be 1 264.6 kWh with
an investment of 7 650.1 SEK, therefore the payback period would be 2.46 years.

4.2.2.3 Wood stove

The wood stove releases 8 960 kWh of heat, this heat would be replaced by the
existing heating system. The simulation shows that the increase in the electricity use
would be 2 705 kWh (6 654 SEK), while the energy from the wood stove would be
no longer used (2 696 SEK). Overall, this measure increases the energy expenditure

in 3 958 SEK per year.
4.2.3 Insulation

4.2.3.1 Doors

The required increase in the airtightness of the dwelling is obtained on the one hand

through the improvement of the door linking hall 1 and the kitchen.

The improvement of the entrance to the kitchen can be seen from two aspects of
heat loss. On the one hand, the improved installation reduces the gap between the
door and the frame to a minimum and thus the heat loss through the existing natural

ventilation. This is reflected in the reduction of energy use by 310 kWh.
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On the other hand, the change of door means an improvement in the insulation of
the house, increasing its U-value, and thus reducing heat losses due to heat transfer,
which means a saving of 165 kWh.

The estimated cost of installing the door would be 7 000 SEK, which would pay for

itself in 6 years, considering the electric prices of both savings.

4.2.3.2 Roof

The roof of the house has a part that does not have any thermal insulation, this is an
obvious area of improvement. The addition of 120 mm fiberglass and 15 mm OBS
panels reduces the U-value of the uninsulated part of the roof to 0.213 W/m?-K.
The average U-value for the roof is 0.18 W/m?2-K. For aesthetic reasons and to
slightly improve the insulation it is also considered to add the same OBS panels to
the insulated part of the roof. If the proposed measures are carried out, 1 033.7
kWh of electricity could be saved, the total cost of the work would be 27 074.7
SEK and the payback period would be 10.65 years.

4.2.3.3 External Walls

Regarding the insulation of the external walls, the objective has been set to achieve a
U-value of 0.18 as shown in Table 8. This value can be achieved with the addition of
EPS panels of 8 cm in the internal face of the walls and gypsum plasterboard to
protect the EPS panels. The new insulation results in a U-value of 0.18 W/m?-K.

The total cost of this work is 43 835 SEK. The IDA ICE simulation results in an
energy saving of 480 kWh (1 180 SEK) in respect to the base model. Thus, resulting

in a payback period of 37 years. This measure is considered to be non-cost effective.

4.2.3.4  Windows

This measure consists in changing the 7 windows in the ground floor and the
window in the guest room by high efficient 2 pane glass window with PVC frame
that have a U-value of 1.2 W/K m?. The total cost is 52 856 SEK and the energy
savings achieved by this measure are 631 kWh (1 552 SEK). Resulting in a payback

period of 34 years. This measure is considered to be non-cost effective.

4.2.3.5 Ceiling

The new insulation for the ceiling consists in adding adding 8 cm of mineral wool
and 15 mm of OBS panels. The new U-value for the ceiling is 0.21 W/m?-K. The
total cost of this measure is 28 655 SEK and the savings achived by the simulation
are 369 SEK, the resulting payback period is 77 years. This measure is considered to

be non-cost effective.

44



4.3 Scenariol

In this section the effect of the selected energy measures for scenario 1 are studied.
It is important to point out that it is difficult to estimate how significant the
interaction between the energy measures affects the total energy savings. Scenario 1
measures are those that are economically viable, those are the installation of the PV
panels, upgrading the ventilation, improving the main entrance door, improving the
roof insulation and changing the guest room radiator and lower the room
temperature. Although the upgrading of the ventilation system is not economically

viable it is necessary to comply with the minimum ventilation standards.

Table 12 shows the investment and potential savings both in energy and monetary
terms of the selected measures. Regarding the monetary results of the potential
savings, they have been approximated considering the energy price per kWh. The

corresponding estimations can be checked in Appendix C.

TABLE 12: SUMMARY OF THE INVESTMENT AND POTENTIAL SAVINGS OF THE MEASURES APPLIED IN SCENARIO 1.

Measure Investment Potential Savings Potential Saving

PV panels 47 856 SEK 4 699 SEK
Ventilation 15933 SEK
Doors 7 000 SEK 475 kWh 1 169 SEK
Roof 27 075 SEK 1 034 kWh 2 543 SEK
Guest room 1 280 SEK 1 547 kWh 3 805 SEK
TOTAL 99 144 SEK 3056 kWh 12 216 SEK

The simulation for scenario 1 shows that after applying the energy measures, the
house would use 21 893 kWh per year, this is a reduction of 1436 kWh (6.2 %).
The energy sources are wood (8 954 kWh; 4 m’) and electricity (12 939 kWh).

The total savings in the electricity bill, considering the self-consumption of the PV
system, would be 2 939 kWh, that is a 20.4 % reduction in the electricity purchased

from the grid. On the other hand, the wood consumption is not reduced.

The PV system produces 2 505 kWh / year, of which 1 503 kWh are used in the
dwelling and the rest are exported to the grid, Table 13 details the electricity used
from the grid, from the PV system and exported to the grid.

TABLE 13: CATEGORIZATION OF THE ELECTRIC SYSTEM

Electricity

Electricity from the grid 11 434 kWh

Electricity from the PV system to the grid | 1002 kWh

Self-consumption from the PV system 1 503 kWh
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In Figure 11 it can be noted that energy use is lower during the heating season but

higher in summer, this is due to the new ventilation system.
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FIGURE 11: RESULTS OF SCENARIO 1 COMPARED TO THE ACTUAL ENERGY USE
It is worth noting that the sum of the potential savings of the measures (Table 12),

excluding the PV panels, (3 059 kWh) is twice as large as the savings achieved with
the simulation, the main explanation for this fact is that the ventilation does not save
energy, but on the contrary, it needs energy for the fans and also the heating system
needs to compensate the loss of energy due to ventilation. Despite all this, it is
considered that a new ventilation system is necessary, and it is decided to take it into

account.

It is worth commenting some important aspects for the understanding of the
following Table 14. First of all, the electricity results for scenario 1 have been
calculated in the IDA ICE simulating program applying the mentioned measures and
maintaining the amount of wood volume given by the homeowners. As a result of
that the values for wood in the table are stable and the reduction in electricity use is
expected to be low due to the installation of the ventilation system. Regarding what
has been explained about the PV systems, the profit (1 002 SEK) corresponds to the
incomes generated selling the production (2 505 kWh calculated with Winsun PV)
that do not match with the demand (40% of the PV production, 1 002 kWh). For
the development of the approximations and calculations regarding the PV panels,

please check Appendix C, the PV panels section.
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Table 14 show the overall expenditure of the different energy source before the
renovation and in scenario 1. Thus, according to our estimates, the measure could
save 8 232 SEK in electricity (the difference between before renovation and scenario
1), which represents a saving of 23.3 % of the initial electricity bill. For the total
energy bill (wood and electricity) it represents a 21.6 % reduction in costs. It must
be considered that the solar panels sell energy to the grid and therefore generate a
profit of 1 002 SEK, having said that the savings in the purchased electricity would
be 7 230 SEK (add the profit to the previous savings results).

TABLE 14: ENERGY EXPENDITURE (A\l) PROFIT) FOR EVERY ENERGY SOURCE IN SCENARIO 1

Energy source Before the renovation Scenario 1

Electricity 35 348 SEK 28 118 SEK

PV system - 1 002 SEK (profit)
Wood 2 696 SEK 2 696 SEK
TOTAL 38 044 SEK 29 812 SEK

Considering the saved money by the PV system, the savings achieved by the
retrofitting are 8 232 SEK per year, taking into account the total investment of
99 144 SEK, the payback period will be 12 years and the according to the NPV

method it becomes profitable the year 19t

TABLE 15: ECONOMIC ANALYSIS OF THE MEASURES APPLIED IN SCENARIO 1

Measure  Investment Payback NPV
PV panels 47 856 SEK 10.2 years 15 years
Ventilation 15333 SEK - -
Doors 7000 SEK 6 years 8 years
Roof 27075 SEK 10.7 years 16 years
Guestroom 1280 SEK  <lyear <l year

The economic approach present the profitability of the different proposed measures.
It highlights the rapid economic recovery of the investment in the guest room, this is
due to its low investment cost presented in Table 11 coupled with the expected

good results in the reduction of demand.

Regarding ventilation, its effect would not be reflected in subsequent economic
savings, but is a measure imposed by the need to improve the ventilation flow rate

to Swedish standards.
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After analyzing the thermal comfort levels in the rooms with occupants (Appendix
C) it has been concluded that there is a modest improvement, the Fanger’s comfort

indices show similar performance as well.

Moreover, after performing the calculations on the minimum power requirement
(11.25 kW) it can be concluded that the house has a correct-sized heating system,
the simulations show that no extra power is required for maintaining the comfort

levels.

The comparison of the Miljobyggnad energy certification (Table 16) between the
model and scenario 1 simulation show that there is no improvement in the selected
indicators. It should be noted that indicator 4 has not improved because the panels
do not cover a large part of the demand per square meter (6.7%) and because the
base case already has a good indicator due to the use of wood, which is considered a
biofuel. Also its important to point out that no certification is achived for indicator
3.

TABLE 16: COMPARISON OF THE MILJOBYGGNAD ENERGY CERTIFICATION

Indicator Before renovation Scenario 1

Indicator 1 GOLD GOLD
Indicator 3 -
Indicator 4 SILVER SILVER

4.4 Scenario 2

The objective of scenario 2 is to achieve the minimum requirement set by (SGBC
2024) in the studied indicators (1, 3 and 4), despite the economic feasibility of the
energy measures. The measures applied in this scenario are shown in Table 17.

Moreover, it has been decided to dispense with the wood stove.

TABLE 17: SUMMARY OF THE INVESTMENT AND POTENTIAL SAVINGS OF THE MEASURES APPLIED IN SCENARIO 2.

Measure Investment Potential Savings Potential Saving ‘
PV panels 47 856 SEK 4 699 SEK
Ventilation 15933 SEK

Doors 7 000 SEK 475 kWh 1 169 SEK
Roof 27075 SEK 1 034 kWh 2 543 SEK
External walls 54 829 SEK 1 120 kWh 2 755 SEK
Windows 52 856 SEK 631 kWh 1 552 SEK
Ceiling 28 655 SEK 150 kWh 369 SEK
Guest room 15 620 SEK 5261 kWh 12 942 SEK
Wood stove 6 255 kWh -3 958 SEK
TOTAL 249 824 SEK 14 926 kWh 22 071 SEK
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The simulation for scenario 2 shows that after applying the energy measures, the
energy use would be 10 606 kWh per year, this is a reduction of 12 723 kWh (54.5

%). All energy used comes from electricity.

The use of wood as an energy source has been discontinued. The electricity savings
are 3 763 kWh. Considering the energy generated in the PV system used by the
dwelling (1 503 kWh), in total the saving of energy in the electricity bill would be
5 266 kWh, that is a 36.6 % reduction in the purchased electricity from the

network.

In Figure 12 it can be noted that energy use is lower during the heating season but

higher in summer, this is due to the new ventilation system.
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FIGURE 12: RESULTS OF THE RETROFIT COMPARED TO THE ACTUAL ENERGY USE

Overall, the savings on the purchased electricity would be 9 257 SEK, and it must
be taken into account that the solar panels sell energy to the grid and therefore
generate a profit of 1 002 SEK. Thus, according to our estimates, the measure could
save 10 259 SEK in electricity, which represents a saving of 23.4 % of the initial

electricity expenditure. Moreover, the wood expenditure is reduced to O SEK.

For the total energy bill (wood and electricity) it represents a 34.1 % reduction of
costs. Table 18 show the overall expenditure of the different energy source before

the renovation and in scenario 2.
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TABLE 18: ENERGY EXPENDITURE (AND PROFIT) FOR EVERY ENERGY SOURCE

Energy source Before the renovation Scenario 2

Electricity 35 348 SEK 26 091 SEK

PV system - 1 002 SEK (profit)
Wood 2 696 SEK -
TOTAL 38 044 SEK 25089 SEK

The economic approach presents the profitability of the different proposed
measures. It highlights the long payback periods of the proposed measures related to
the addition of insulation, which indicate the unprofitability of them. This means
that the required modifications are overly expensive for their impact in terms of

energy savings.

Going back to the results of the energy savings (5 266kWh;12 954 SEK), together
with the total investment costs of scenario 2, the payback period is 19.3 years,

which is considered excessive for retrofitting a house.

TABLE 19: ECONOMIC ANALYSIS OF THE MEASURES APPLIED IN SCENARIO 2

Measure Investment Payback NPV
PV 47 856 SEK 10.2 years 15 years
Ventilation 15933 SEK - -
Doors 7 000 SEK 6 years 8 years
Roof 27 075 SEK 10.7 years 16 years
External walls 54 829 SEK 20 years -
Windows 52 856 SEK 34 years -
Ceiling 28 655 SEK 78 years -
Guest room 15 620 SEK 1.2 years 2 years
Wood stove - - -

After analyzing both the thermal comfort levels (Appendix C) and the Fanger’s
comfort indices, the same conclusions as in scenario 1 can be drawn, there is a
modest improvement in comfort indices and similar performance in Fanger’s

indices.

Moreover, the calculations on the minimum power requirement (11.25 kW)

concluded the same as in scenario 1, the house has an adequate heating system.
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The comparison of the Miljobyggnad energy certification (Table 20) between the
two simulations (base model and scenario 2) show that scenario 2 now meets the
requirements of the indicators. Indicator 3 meets the minimum for getting the
bronze certification, this is mainly due to the elimination of the use of wood. It is
also noticeable that indicator 4 has changed from silver to bronze, this is because the
use of wood, which is a source of bioenergy, has been discontinued and therefore

more weight is placed on non-renewable energy.

TABLE 20: COMPARISON OF THE MILJOBYGGNAD ENERGY CERTIFICATION

Indicator Before renovation Scenario 2

Indicator 1 GOLD GOLD
Indicator 3 - BRONZE
Indicator 4 SILVER BRONZE

4.5 Comparison between scenario 1 and 2

To summarize, a comparison between the results obtained in scenario 1 and 2 will
be made below. Table 21 shows which measures are applied in each scenario and

what it the corresponding investment and potential monetary saving.

TABLE 21: MEASURES APPLIED IN EACH SCENARIO

Measure Scenario Scenario Investment Potential
| 2 Saving
PV panels X X 47 856 SEK 4 699 SEK
Ventilation X X 15 933 SEK -
Doors X X 7 000 SEK 1 169 SEK
Roof X X 27 075 SEK 3 805 SEK
Electric radiator in X 1 280 SEK 3 805 SEK
guest room
External Walls X 52 829 SEK 2 755 SEK
Ceiling X 28 655 SEK 369 SEK
Improved insulation X 15 620 SEK | 12 942 SEK
and water radiator in
guest room
Wood stove X - - 3958 SEK
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Figure 13 represents the relation between the potential monetary savings and the
investment required for each energy measure. The ideal measure would be one that

saves money with a very low investment cost and would therefore be at the top left

of the graph.
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FIGURE 13: RELATION BETWEEN INVESTMENT COST AND POTENTIAL SAVINGS

Regarding the results of the economic analysis, scenario 1 saves a total of 8 232 SEK
per year with an investment of 99 144 SEK and the project is profitable from year
19, on the other hand, scenario 2 saves 12 954 SEK per year with an investment of

249 824 SEK, this project is not considered economically profitable.
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5 Discussion

The objective of this project is to carry out an energy analysis of the property. The
aim is to identify areas for improvement and to propose energy measures to achieve
a 20 % energy costs reduction while being cost-effective and to complain with the

regulations.

The results of scenario 1 show a 6.2 % reduction of energy use which may seem a
modest improvement but, the total energy cost reduction is set to be 21.6 %. This
difference can be attributed to the PV system, which apart from reducing the
amount of the purchased electricity, it allows electricity to be sold and thus generate
a profit. Scenario 1 becomes profitable on the year 19, fulfilling the objective of
energy costs reduction. Nevertheless, it does not comply with the indicator 3

regulations.

Moreover, the results in scenario 2 show a 54.5 % reduction of energy use, this is a
remarkable achievement, but the project investment is excessive, thus the project is
not profitable. Furthermore, this scenario achieves a 34.1 % reduction of energy

costs, thus compiling with the objective set.

In reference to the research questions, the most cost-effective measures are those
related to the guest room, both the change of the radiator for one with thermostat
and the improvement of the walls and the installation of a water radiator have a very
good economic and energetic performance. Other measures with good performance
are the improvement of the door and the insulation of the roof, and these two
measures can also improve the quality of comfort of the owners as explained above,

provided that a ventilation system is also installed.

The improvement in the ventilation system and in the airtightness of the building is
one of the concerns that the homeowners expressed during the interviews. In order
to address this issue, it is suggested in both scenarios to improve the main entrance
door, roof envelop and the ventilation system. Firstly, it may seem that the door has
a high return period compared to the cost of the investment, but it is considered
that this measure can contribute to a direct improvement of the thermal comfort.
Secondly, the need to increase the airtightness of the house leads to the proposal of
improving the insulation of the roof, although it is the least cost-effective measure
within all the proposals made for housing, the return on investment does not exceed
the recommended limit for a house (15 years), in addition to this, the improvement
of the roof insulation also guarantees the reduction of heat losses. Finally, the
proposed ventilation system brings the house into compliance with the regulations

but increases energy use, affecting the potential energy saving of the other measures.
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Regarding the measures that seck for a direct energy reduction, the behavior of the
inhabitants of the house seems to be an influential factor, as it has been seen in the

yearly use of the electricity in the guest room.

Having already discussed the fundamental results of the study, it is worth
commenting on the possibility of expanding in the future and also, as an analysis for

other similar properties.
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6 Conclusions

6.1 Study results

Once the energy audit has been completed, it can be established that there is room
for improvement in terms of implementing new energy measures and,

consequently, achieving better economic results for the owners.

It has been concluded that heat transfer losses are the most important in the energy
balance of the building. This is understandable given the age of the building, as the
materials used in the construction of that time had a lower insulating capacity than
those used today, together with the deterioration that they may have suffered over
the years.

With this in mind, the scenario 1 was focused on providing economically viable and
easily applicable measures to improve heat transfer losses, such as replacing the door
and insulating the roof. Continuing with this, scenario 2 proposes to go a step
further and presents a promising proposal to achieve environmental certification of
housing, although not currently feasible, if the social and economic situation were to

change, it could be reconsidered.

However, it has been observed that despite the implementation of technological
improvements, the conscious behavior of the owners is essential to achieve full
energy efficiency of the house. A clear example of this is the excessive energy use in
the guest room, where the owners maintain the electric radiator on for the entire
winter season, even though it is not in use. It is known that implementing such
changes in people’s behavior can result difficult, and maybe some government

publicity campaigns on this matter could potentially accelerate this improvement.

In addition to the proposed measures to improve heat transfer, it is essential to
implement ventilation measures, as the dwelling does not meet the minimum
requirements. To accomplish this goal, a mechanical ventilation system must be
added to the house, which is currently only naturally ventilated. The proposed
ventilation system has a compact design and is simple installation, making it a very

interesting proposal for dwellings of similar characteristics.

The environmental awareness present in this study can be seen in the search for
environmentally sustainable technologies that supply electricity to the property. As
the sole energy carrier of the property is electricity, it was decided to ensure a green

energy supply through the installation of PV.
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Having presented the above measures, it is interesting to note that although they are
based on a specific case study, the selected house in Stratjira, simple retrofits focus
on solving typical problems in old dwellings were proposed in scenario 1.
Therefore, the current study raises awareness among homeowners of other single-
family homes and the possibility of improving their energy efficiency through

affordable measures.

Regarding the methods used, it must be said that they proved to be suitable for
developing the energy analysis of the dwelling. In addition, the reliability of the
results obtained is guaranteed by the use of the IDA ICE simulation program.

6.2 Outlook

The measures provided constitute a model of reduced costs and increased energy
efficiency in the dwelling. However, to assess the profitability of these measures
more accurately, a detailed study should include the fluctuation of energy prices and
possible future government subsidies. The viability of these improvements could

vary significantly depending on the fluctuations in market costs.

In addition to what has been said so far, it is important to explain how certain
improvements in the methods could present proposals or results that are better
adapted to the characteristics of the dwelling. Firstly, the quantification of natural
ventilation has been carried out with theoretical approximations based on the CO,
values recorded, the possibility of taking more exhaustive measurements could
reduce these differences with reality. Secondly, with regard to the wood-burning
stove in the kitchen, for a better simulation it would be useful to know the hours of
operation and to use a more specific program, since the IDA ICE does not have the

tool to simulate the operation of stoves with these characteristics.

Finally, once the energy saving measures to be implemented have been chosen, it is
recommended to contact different builders and companies to get budgets for the

projects, since an approximation of labor costs has been made in the work.

6.3 Perspectives

In line with sustainable development, the current study is in the field of energy

systems.

It is noteworthy that the measures taken for the study have been carried out without
causing damage to the environment, the property under study or the health of the
tenants. Hand in hand with this social awareness, the environmental commitment of
the owners has been taken into account in the approach to environmentally friendly
energy efficiency measures. Highlighting the importance given to the reduction of

energy use and the own production of green energy with solar panels.
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Taking into account what has been presented so far, it is clear that this project has
been carried out focusing specifically on the development of the 11" goal from The
Global Goals (2024): “To accommodate everyone, we need to build modern, sustainable
cities. For all of us to survive and prosper, we need new, intelligent urban planning that
creates safe, affordable and resilient cities with green and culturally inspiring living

conditions”.
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Appendix A: U-value calculations

External Walls:

— 0 . . 0, .
)\Mineral Wool and Beams — A)AMineral Wool )\Mlneral Wool + A)ABeams )\Beams

—550 0.038 + >0 0.15 = 0.047 w
© 600 600 ~ 7 "m-K
d (m) A (W/m'K) R (m*K/W)
R.. 0.04
Wood 0.025 0.15 0.167
Mineral Wool
0.125 0.047 2.641
and Beams
Wood 0.025 0.15 0.167
R 0.13

2,

m
Ripe = 0.04 + 0.167 + 2.641 + 0.167 + 0.13 = 3.011

1
era” :_3 011 - 03321712 K

Doors (without window):

d (m) A (W/m'K) R (m*K/W)
R, 0.04
Wood 0.05 0.15 0.333
Rq 0.13

2.,

Reoe = 0.04 + 0333 +0.13 = 0.503 —

= 1.99

Udoor = 5503 m? - K

Al




Doors (with window):

The north entrance door is the only one that has a small window in it. The door

measures 1x2.2 m and the glass has an area of 0.35 m’. In percentage, the wood

occupies 84.1 % and the glass 15.9 % of the total area.

d (m) A (W/mK) R (m*K/W)
R, 0.04
Wood 0.05 0.15 0.333
Glass 0.0019 1.38 0.001
R 0.13
U ! =199 —
wood =004 + 0.333 + 0.13 K
Uindow = ! = 5.84
window ™0 04 + 0.001 + 0.13 m? - K
Uaoor wingow = 1.99 - 84.1 % + 5.84 - 15.9 % = 2.6 ——

Ceiling between main floor and attic:

The insulation of the ceiling is made up of blocks of sawdust.

}\sawdust and Beams — %Asawdust ’ Asawdust + %ABeams ) 7\Beams

—550 012+50 015—01225 w
600 600 -K
d (m) A (W/mK) R (m*K/W)
R 0.13
Wood 0.03 0.15 0.2
Sawdust and
0.25 0.1225 2.04
Beams
Wood 0.02 0.15 0.13
R 0.13
m? - K

Rip; = 0.13 + 0.2 + 2.04 + 0.13 + 0.13 = 2.54

Uwindow

1
2.54

A2

= 0.39
m?-K




Roof (without insulation):

The roof is made up of two parts, one of them has an insulation layer and the other

does not.

d (m)

A (W/m-K)

R (m>K/W)

Wood 0.15 0.15 1

Rsi 0.13

m
Repe = 0.04+1+0.13 = 1.17

1
Uwindow = m = 0.85

m?-K

Roof (with insulation):

}\Mineral Wool and Beams — %AMineral Wool * }\Mineral Wool + %ABeams ) }\Beams

—550 0.038 + >0 0.15 = 0.047 w
© 600 600 ~ 7 "m-K
d (m) A (W/m-K) R (m*K/W)
R.. 0.04
Wood 0.15 0.15 1
Mineral wool
0.3 0.047 6.338
and Beams
Rsi 013

m
Ryp; = 0.04 + 1+ 6.338 4+ 0.13 = 7.508

Uwindow =

7.508

A3

= 0.133
m?-K



Basement walls:

d (m) A (W/m-K) R (m2°K/W)
Rse 0.04
Concrete 0.25 1.4 0.178
Bricks 0.12 0.6 0.2
Rsi 0.13

m
Rior = 0.04 +0.178 + 0.2 + 0.13 = 0.549

1

Upasement = m = 1.83 m2 - K

Guest room inner walls:

d (m) A (W/m'K) R (m*K/W)
Rse 0.04
Light concrete 0.25 1.15 0.217
Rsi 0.13

m
R.; = 0.04 +0.217 + 0.13 = 0.387

Uy

uest room

1
= ——=2.58

0.387 m2 - K

A4




Appendix B: Hand calculations

Heat transmission:

Table 21 shows the calculations of the heat transfer that flows through the heated
parts of the dwelling and its surrounding. The temperature of the rooms, the
ambient and the soil can be found in Table 23. The U-values are those calculated in

Appendix A, the q transmission is calculated according to equation 6.

TABLE 22: HEAT TRANSMISSION CALCULATIONS FOR THE HEATED AREAS OF THE DWELLING

A u U-A T_diff Q
(m?) (W/Km?) (W/K) °O) transmission
(W)
EXTERNAL WALLS MAIN FLOOR 74.27 0.33 24.67 40.00 986.63
EXTERNAL WALLS GUEST ROOM 4.47 0.33 1.48 40.00 59.39
EXTERNAL WALLS BASMENT (to air) 5.65 1.82 10.30 35.00 360.48
ROOF GUEST ROOM 8.92 0.85 7.62 40.00 304.96
INTERNAL WALLS TO HALLI1 0.68 0.85 0.58 35.00 20.46
INTERNAL WALLS TO HALL2 11.52 0.85 9.85 25.00 246.15
INTERNAL WALLS TO 27.14 0.85 23.20 5.00 116.00
STORAGE/WARDROVE
INTERNAL WALLS TO ATTIC 21.46 2.58 55.39 35.00 1938.78
DOORS TO HALL1 1.60 1.99 3.18 35.00 111.26
DOORS TO HALL2 3.20 2.60 8.32 25.00 207.89
DOORS TO STORAGE/WARDROVE 2.68 1.99 5.32 5.00 26.62
DOORS TO ATTIC 1.60 1.99 3.18 35.00 111.26
CEILING TO ATTIC 71.04 0.39 27.92 35.00 977.30
CEILING TO GUESTROOM 8.10 0.39 3.18 0.00 0.00
HEATED ROOM WINDOWS (2 glass) 10.45 2.90 30.29 40.00 1211.62
FLOOR TO SOIL 52.16 0.41 21.18 30.00 635.31
FLOOR TO BASEMENT 18.88 0.60 11.31 0.00 0.00
BASEMENT FLOOR TO SOIL 18.88 0.60 11.31 30.00 339.16
EXTERNAL WALLS TO SOIL 17.94 0.60 10.74 25.00 268.49
TOTAL 269.02 7 921.76
TABLE 23: TEMPERATURES OF THE DIFFERENT ROOMS AND SURROUNDINGS
T main floor 20 °C T hall2 -5 °C
T exterior -20 °C T guest room 20 °C
T soil -10 °C T attic -15 °C
T basement 15 °C T storage/wardrove 15 °C
T halll -15 °C
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ACH rate:

As it can be seen in Figure 5, the homeowners left home in the morning of the 6t
and did not return until the evening of the 7*. This fact allows us to calculate the

ACH in a non-distorted way, the procedure is as follows.

Peak recorded at 6:15 the 6%, with a CO, concentration of 1,380 ppm (point A in
Figure 14)

Outdoor CO; approximate to be the minimum recorded by both sensors 416 ppm.
Crxcess co, = Cpeak — Coutaoor = 1390 — 416 = 974 ppm

Decay %

CDecay to37% — COutdoor + CExcess * 37% =416 + 974 * 37%
=776 ppm

The time it passes to reach the 37 % decay (point B in Figure 14) is 2 hours and 10

minutes.
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FIGURE 14: GRAPH SHOWING THE PROCEDURE FOLLOWED FOR CALCULATING ACH.

1
ACH) = = =046 h71
n( ) time to decay 37% 2.1667 h

Ventilation losses:

From equation 14 we can calculate the air flow rate (F) with the air change rate
previously found. The enclosed volume considered for the calculations is the one

representing the ground floor rooms.
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_ 046V 0.46-228.72 0.0292™
3600 3600 o S
m3 kJ kg kw
H,=F-cyr Pgir = 0'0292T' 1 P : 1.2$ = 0.0351 °C

Domestic Hot Water

The use of tap water during last year was 85 m’, the hot tap water can be estimated

to be a third of the cold tap water.

_ 85 283 m3
dpHw = 3 year
m? kg k] o
L 28.3 Joqr 100073 - 418 pr - 50°C e [MWh]
DHW = 3600 - 1000 " Lyear

Solar radiation:

Solar radiation calculations are found in Appendix E.

MWh

E.piar = 2.573 Jear

Wood stove heat generation

In Sweden burning wood is usually spruce dry wood, the energy density by volume
can be up to 3200 kWh/m* (Goverment of the United Kingdom 2024). The
energy released in the combustion of wood is:

kWh
Epooq = 3 200 - 4m3 = 12800 kWh

m3

The heat stove is considered to have an efficiency of 70 %, thus:

kWh MWh
Eyooa = 12800-70% = 8960 = 8.96
year year
Internal heat sources
Due to inhabitants
Heat per person 80 W/h
Hours at home 16 h

Days (mid-May to mid-September excluded) 242.5 days
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80W 16 h 2425day
. . = 620800
people - h day year year

MWh
year

E = 2 people -

E =~ 0.62

® Due to appliances

Considering the values presented in Table 24, the total contribution of the
appliances to the heat input is 1 769 kWh. The inventory of the lighting equipment
is detailed in Table 25.

TABLE 24: APPLIANCES USE OF ENERGY

Appliance Power Hours Days  Avg. Year Heat to  Year heat
(kW) per per consumption power emission
day year (kWh) ratio (kWh)
Fridge (Combi) (In 255 0.2 51.00
Kitchen)
Freezer (In the basement) 197 0.2 39.40
TV 0.2 4 330 264 0 0.00
Lights 330 201.96 0.1 20.20
Dehumidifier (In the 0.2 24 365 1752 0.4 700.80
basement)
Oven and kitchen 24 2 330 1584 0.53 839.52
Washing machine 1.5 2 104 312 0.2 62.40
Laptop 0.065 3 330 64.35 0.4 25.74
Coffee machine 0.6 0.5 330 99 0.3 29.70
TOTAL 4729.31 1768.76
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TABLE 25: INVENTORY OF LIGHTS AND ITS ENERGY USE
Room Number Working Power per Power per Electricity
of hours per lamp (W) room (W) use per

lamps day day (Wh)
Bedroom 3 2 10 30 60
Kitchen 3 4 10 30 120
Bathroom 1 1 12 12 12
Living 4 10 10 40 400
room
Guest 1 0.1 10 10 1
room
Attic 3 0.1 10 30 3
Basement 2 0.5 10 20 10
Hall 1 1 0.5 12 12 6
Hall 2 1 0 12 12 0
Total 18.2 96 196 612

Electric heater in the guest room

There is an electric heater in the guest room of 900 W, it is estimated that it
operates continuously for 200 days a year, the electricity use and the heat
contribution that this device makes is:

days kWh MWh

= 4320 = 4.32
year year year

Eelectric heat = 09 kW -24 h-200

Degree hours:

The closest working meteorological station is located in Amot, which is 30 km
south-west from Stratjara, but as it is further away from the sea, it has been decided
to choose the weather station in Gévle, which is about 60 km from Stratjara. The
average temperature was 6.22 °C between August 1995 and December 2023
(SMHI 2023).

Analyzing the data from, has been concluded that the annual average of heating
hours is 109 542, considering the balance temperature to be 20 °C (Rahif et al.
2022).

Normal vear correction

The normal year correction needs to be applied to the energy losses values

influenced by the outdoor temperatures. Using equation 18.

Snormal year 3959

= 0.9915

Energy Index = =
actual year 3993
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Transmission energy losses

Using equation 11 with the previous result U-A (Table 22), we can compute the

energy losses due to transmission through the envelope.

w ) MWh
Etransmission = 269.02 =+ 109 542 °h = 29 468 989 W = 29.47 Jear

If the energy index is applied, the corrected energy lost due to transmission is:

Etransmission = Energy Index - Epppgsmission = 0.9915 - 29.47

MWh

Etransmission = 29.22 year

Ventilation energy losses

Analogous to the equation for energy losses, with the use of degree hours it is
possible to obtain the lost energy.
Wh MWh

kw k
Eventilation = 0.0351 ? - 109 542 °h = 3 845 year = 3.85 year

If the energy index is applied, the corrected energy lost due to ventilation is:

MWh

Eyentitation = Energy Index - E ontitation = 0.9915 - 3.85 = 3.81 Jear

Energy Balance

Equation 19 shows the energy balance which will be done in the following lines.

E,y as explained in equation 21 is compost of transmission losses, ventilation

losses and domestic hot water energy use.

Eout = Etransmission + Eventilation + EDHW

MWh
year

Eyu = 29.22 + 3.81 + 1.64 = 34.67

Ein as explained in equation 20 is composed of the supplied energy, the solar
gains (2 573 kWh), and the internal heat supply (appliances 1 769 kWh and
people 620 kWh).

Ein = Esupplied + Esolar + Einternal sources

MWh
Ein == Esupplied + 2573 + 1769 + 062 == Esupplied + 4962 year

The energy supplied is compost of the following:
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Esupplied = Ewood + Eelectric heate + Eheati system

Esupplied =896 +4.32 + Eheating system

Esupplied =13.28 + Eheating system

MWh
year

Forcing the energy balance, we can estimate the energy used by the heating system:

M
18.242 + Eyeating system = 34.67

Eheating system — 16.428

Ein = Eout

year

MWh
year

TABLE 26: SUMMARY OF THE ENERGY BALANCE

E IN

SOLAR RADIATION
WOOD

PEOPLE
APPLIANCES
ELECTRIC HEATER
HEATING SYSTEM
TOTAL

2 573 kWh

8 960 kWh
620 kWh

1 769 kWh
4 320 kWh
16 428 kWh
34 670 kWh

E our

DHW 1 640 kWh
TRANSMISSION 29 218 kWh
VENTILATION 3812 kWh
TOTAL 34 670 kWh

Electricitx use:

The estimated electricity use, considering the COP of the installed heat pump:

Eheating system

Eelectricity = COP

16 428
Eelectricity = W

Total energy use:

EDHW

+ Eelectric heater + COP + Eappliances

1640 kWh
320+ ——=—+4729 =14 443

3.35

year

kWh
Erorar = Ewooa + Eelectricty =8960 + 14 443 = 23 403
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DVUT temperature

The building time constant is assumed to be 33.9 h (1.4 days) according to Hedbrant

(2001). The DVUT temperature information for Gavle is extracted from Boverket
(2017). The DVUT temperature is -17.0 °C.

Days DVUT temperature

1 -17.2°C
2 -16.8 °C
1.4 -17.04 °C

Power requirements

Using equation 22 the power requirements of the dwelling can be approximated.

N N N
Piim = (ZUi - A; +2¢T3i‘Li +2Xj +F'Cair'pair>
i=0 i=0 i=0

- (T; — DVUT) = (269.02 + 35.1) - (20 — (—17))

Pym = 11252 W = 11.25 kW

Heat Power Demand Indicator (before renovation)

Indicator 1: it can be calculated using equation 23, the Ui - Ai product is
extracted from Table 21, the ventilation losses are calculated above and the
total enclosing area (A.m) is extracted from the IDA ICE model, as

explained, the inside temperature is set to be 20 °C.

YU, -A;+ H
Pheat demana = lA l = (Ti — DVUT)
om
269.02 + 35.1
Pheat demana = 365.76 (20— —-17) = 30.63@

Using Table 1 and Fy,,=1.1 for Gavle it can be found that the coalification is
Gold.

Indicator 3: the primary energy number is needed for indicator 3, which can
be calculated using equation 24 and the weight factors (WFi) shown in Table
2. There are only two energy carriers used in the dwelling electricity and
wood. Electricity is both used for space heating (sh) and for DHW, wood is
only used for space heating. It has to be considered that only the used energy
from the grid is considered in the primary energy number, not the energy

that the building receives, this is especially important for heat pumps as they
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have COP. Wood (8 600 kWh/year) is considered to be used for space

heating only in this calculation.

_ Eheating system 16 428 kWh
Esh_elec - T + Eelectric heater = 335 + 4320 =9 2239 year
Epyw 1640 kWh
E —— =——=4896
DHW.elec cop ~ 3.3 year
s (Esni
=1\ E,, + Esci + Epnw,i + Epe,i |- WE;
EP, . =
pet Atemp
(22222 1 489.6) - 18+ 220 0 KWh
EP. . — 1.1 1.1 — 2129
pet — 98 = g~

For the indicator 3, only the installed heat power requirement is met, thus

we can conclude that the studied house does not qualify for this certificate in

the current state.

® Indicator 4: using Excel tool the certification is Silver. The inputs of this tool

are the energy use per square meter of heated area (98 m?). As explained
above, the house uses 14 443 kWh of electricity and 8 960 kWh of wood

per year. For the electricity it has been considered the electricity mix

generation of Sweden found in Swedish Energy Agency (2022).

Power of the wood stove:

Procentuell fordelning per kategori
och energikilla
Energi- 1 2 3
Byggnadens energiposter anvandning Energikélla Fémybar | Férmybar
KWh/M?A,mpAr (flédande) |  (bio) Ej fdmybar
Hushallel 0 0% 0% 0%
Verksamhetsel 147 From the network 61% 0% 39%
Fastighetsel 0 0% 0% 0%
Fornybar flodande energi 0 0% 0% 0%
Fjarrvarme 0 0% 0% 0%
Fjarrkyla 0 0% 0% 0%
Annan energi 91,42857143 |From wood 0% 100% 0%
Total energianvandning 238 89 91 57
Andel av total 37,6% 38,4% 24,0%
Andel fornybart % 76,0%
Fornybart flédande energi 0,0%

Indikatorbetyg

FTy

To simulate the wood stove in IDA ICE an average power during the period of use

(mid-September to mid-April) is necessary.

P = =
wood ™ Working hours ~ 212 - 24

Ewood

8960
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IDA ICE SIMULATION RESULTS (BASE MODEL)

TABLE 27: SIMULATION RESULTS COMPARED TO ENERGY USE (KWH)

Days per Electricity from Heating days for IDAICE ELECTRICITY (IDA TOTAL ENERGY TOTAL

month bill Wood thestove IDAICE (WOOD) (heating) ICE + APPLIANCE) IDA ICE ENERGY REAL
Jan 31 2190 1310 31 1303 1574 1976 3279 3500
Feb 28 2000 1183 28 1177 1395 1758 2935 3183
Mar 31 1667 1310 31 1303 1154 1556 2 859 2977
Apr 30 957 634 15 629 999 1388 2017 1591
May 31 541 0 0 555 957 957 541
Jun 30 316 0 0 280 669 669 316
Jul 31 305 0 0 142 544 544 305
Aug 31 399 0 0 183 585 585 399
Sep 30 523 634 15 675 449 838 1512 1157
Oct 31 1515 1310 31 1303 632 1034 2337 2825
Nov 30 1763 1268 30 1261 1118 1507 2768 3031
Dec 31 2193 1310 31 1303 1491 1893 3196 3503
TOTAL 365 14369 8960 212 8954 9973 14702 23656 23329
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COMPARISON BETWEEN HAND CALCULATIONS AND THE SIMULATION

IDA ICE puts solar radiation under the window & solar category, the solar radiation

can be solved easily with the losses due to the windows that appear in the results.

solar + windows = solar & windows

kWh
solar =1451.34+47274=6178.7
year
kWh (sensible only)
Envelope | Internal
- Mech. | Infiltra- . Local | Local
Month Th & | Wags \:n;:rw supply| tion & Ocnt: Eqmpt- Lighting | heating | cooling INet
o = <l air | Openings Ea sl units units | '0SS€S
bridges | Masses
— = = == =
1 -3114.4 -12.5 -350.9 0.0 -777.5 743 | 1463.5 19.3 2738.5 0.0 0.0
2 -2881.3 -13.2 -228.0 0.0 -704.4 66.8 | 1321.0 17.4 24216 0.0 0.0
3 -2788.0 -10.7 -18.1 0.0 -652.2 75.1 | 1462.1 19.3 1913.2 0.0 0.0
4 -2317.7 -27.4 241.3 0.0 -551.8 73.0 | 786.2 18.7 1778.4 0.0 0.0
5 -1548.6 8.0 558.9 0.0 -377.0 77.3 | 160.1 19.3 1102.0 0.0 0.0
B -1031.2 -16.0 §46.7 0.0 -247.0 2.6 67.7 0.6 577.2 0.0 0.0
7 -883.8 11.0 612.0 0.0 -224.0 81.0 | 160.2 19.3 224.5 0.0 0.0
8 -853.4 1.9 529.5 0.0 -220.7 81.0 | 158.4 19.3 284.1 0.0 0.0
9 -1417.7 4.0 196.6 0.0 -387.1 76.0 | 828.9 18.7 £80.8 0.0 0.0
10 -1931.1 5.4 3.4 0.0 -505.3 76.7 | 1462.0 19.3 868.3 0.0 0.0
11 -2428.5 23.1 -274.7 0.0 -627.9 72.8 | 1415.1 18.6 1801.0 0.0 0.0
12 -2982.4 20.8 -425.4 0.0 -768.0 74.4 | 1462.7 19.3 2598.1 0.0 0.0
Total -24178.3 =5.9 1451.3 0.0 -6042.9 831.0 |10749.3| 209.0 16988.1 0.0 0.0
During
heating| _ 5 y g
(MIXED 12506.7 3853.9 561.7 0.0 1920.6 | 479.0 | 1688.4 85.9 16985.7 0.0 0.0
h)
Dunng
cooling . . }
(MIXED 678.5 844.4 253.9 0.0 929.9 73.3 | 2120.0 23.1 0.0 0.0 0.0
h)
Rteif:\:f -10593.1 4692.4 1759.1 0.0 -3172.4 | 278.7 | 69409 | 99.9 2.4 0.0 0.0
kWh
Month Walls | Roof | Floor | Windows |Doors|Thermal bridges
j— — = == 1
1 -992.1 | -434,7 | -261.6 -583.7 -81.8 -1344.2
2 -911.9 | -380.2 | -293.7 -528.5 -72.2 -1223.3
3 -871.3 | -353.6 | -364.5 -504.0 -63.5 -1135.2
< -715.1 | -255.4 | -341.3 -424.4 -45.3 -960.4
S -469.4 | -78.4 | -323.6 -296.5 -20.5 -656.6
6 -311.5 | -12,5 | -271.5 -200.5 -4.3 -431.5
7 -247.1 -3.7 -238.5 -191.4 -6.3 -388.1
8 -226.8 | -46.4 | -182.4 -190.9 -13.3 -384.4
9 -387.0 | -176.0 | -144.3 -313.0 -38.0 -672.4
10 -548.1 | -290.5 | -155.8 -416.6 -58.3 -878.3
11 -735.4 | -369.5 | -162.3 -450.0 -69.6 -1091.7
12 -929.0 | -441.6 | -199.5 -587.9 -83.8 -1328.7
Total -7344.8(-2842,4|-2938.9| -4727.4 |-356.9 -10494.9
During heating|-5178.7| -792.6 |-1547.5| -2290.3 -1.4 -5387.9
During cooling| -166.8 | -5.5 | -195.2| -231.3 0.0 -310.8
Rest of time |-1999.3|-2044,3|-1196.2| -2205.8 |-555.5 -4796.2
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Appendix C: Energy measures

PV installation

In order to determine which installation sizing is best suited to the owner's needs,
Figure 15 below shows the monthly demand of the house and the achievable

production of the different installations.

2500
2000

1500

kWp

1000

500

Month

—0— 1 kWp —@—2kWp 3kWp —e—4kWp —@—5kWp 6kWp —@—Demand

FIGURE 15: ELECTRICITY DEMAND & PRODUCTION PER MONTH

As a criterion for design, and to avoid overproduction of electricity, the ideal
selection would be the 4 kWp installation. However, the limitation of the size of the
installation leads us to the 3 kWp, which allows us to fully meet the demand of the
June and July and, come very close to that of the months of May and August.

An example of a possible solar panel installation would be the case of JKM625N-
78HL4-BDV from Jinko Solar (2024). It has the following characteristics:

- Peak power per module: 625 W,
- Area per module: 1.134 m x 2.5m

The dimensions presented allow the installation of 5 panels, completely covering the
free area on the south roof of the house. Given the peak power of these panels, the

result of the installation is 3.125 kW,,.

According to the Winsun PV calculation tool, the selected installation would

provide an annual energy input of 2 505 kWh.
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Considering the practical knowledge acquired in previous courses, the use of energy
from the panels in the house is estimated at 60 % of the total production and the
remaining 40 % would be transmitted to the grid. This knowledge, together with
the availability of electricity prices in Sweden (Elpriser 2024), makes it possible to

know the annual savings that would result from installing the panels presented.

Savi = 2505 KWh (600/ 2.46 SEK +40%-1 SEK)
avings = year O kwh * TkwWh
) SEK
Savings = 4 699.38
year

Knowing the annual savings of such installation, it is now necessary to present the
price of the installation. For this purpose, the estimated price for smaller
installations of 19 SEK/MWh is used (Solcellskollen 2024).Considering the total

power of the installation presented above, the cost is as follows:

SEK
Cost = 19 OOOW +3.125 MWh = 59 375 SEK

The application of Swedish state aid of a 19.4 % reduction is of interest to owners

(Solcellskollen 2024). Resulting in the final cost of 47 856,25 SEK.
With this in mind, the payback period is calculated as follows:

Cost  47856.25 SEK

SEK
year

Payback period = = 10.2 years

Savings 469938

In order to get a more complete picture of the investment, the NPV is considered,

so that the appropriate discount rate can be taken into account.

(140058 -1

NPV =
0.02 - (1 + 0.05)5

SEK
4 699.38 —— — 47 856,25 SEK = 921.7
year

This result shows that considering the discount rate of 5 % (Zainali et al. 2023), the

installation would be profitable in the 15t year.
Ventilation

Based on previous calculation where it is known that 0.0292 m*/s is the air flow
rate, the data per square meter can be calculated to compare with the requirements.

Taking into account that the used area is 98 m?:

Flow _ 4325 < 0.35
Area m2-s T m2-s

Fper squarem? —
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It is desired to install system Nano Air® 50, which has a wide air flow rate range of
14 m’/h to 54 m’/h. In the same way as the previous calculation, the maximum and
minimum airflows per area (98 m”) that the installation is designed to deliver are

then determined.

m3

Finin = 14— = Froin_m2 = 0.04 ——
m3

Fuax = 54— = Fytax_m2 = 0.153 ——

To probe that a new air flow over the requested limit is obtained:

Fper square m? + Frecnh = 0-35m2 S

L
0.325 m-l- Frecn = 0.35m S

L
Frech = 0,025m2—_s
It can be observed that even with the minimum caudal the system is able to fulfill the

conditions.

Regarding the economic aspects, it is necessary to consider that the cost of the
product considering the taxes and the cost of the installation by a trained mason
taking into account both the estimated 5 hours of installation and the expected extra
hour of testing and calibration. Bearing in mind the standard Swedish salary, the

final cost is as follows:

SEK
Mechanical ventilation cost = 4007- 6h + 13 533 SEK
= 15933 SEK
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Door

It desired to install a new door of the following characteristics: U-value of

1 W/Km?” and 7 000 SEK price.
The ventilation improvement is calculated as follows:

Firstly, the existing openings between the door and the door frame were measured.
It was concluded that the main source of airflow was at the bottom of the door
frame, where there was a gap of 0.5 cm along its entire length. The remainder of
the door perimeter could be approximated to be 0.1 cm wide. The aperture area

around the door is of the following size, considering the size of the door:
Agoor = 0.5cm - 80cm + 0.1cm - (80cm + 2 - 200cm) = 88 cm?
Agoor = 0.0088 m?

Subsequently, air velocity measurements were taken on several occasions using the

hot-wire probe. An average of 0.27 m/s was obtained.

From the combination of the above results, the calculation of the total air flow

through the door in the current situation can be seen below.

m m3
Faoor =+ A= 0.27—-0.0088 m? = 0.00237 —

The airflow through the door can easily be compared with the airflow of the whole
house, calculated in Appendix B.

m3

Fipor 0.00237 ——

Door flow ratio = = = = 8.12%

natural ventilation 0.0292 m_
S

This shows that the door accounts for 8.12% of the natural ventilation of the house.

Since the air flow is proportional to the heat losses it generates in the dwelling, the
losses corresponding to the poor situation of the door can be obtained in the

following manner.

Ejoor = 8.12% * Epontitation = 310 kWh

Taking the ventilation losses of the new door as zero, it can be concluded that the
new door saves 310 kWh.

Prior to the economic results, it is necessary to consider the savings in the field of

heat transmission.
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This process has been carried out analogously to the calculations in Appendix B,
except that on this occasion the value of the U-value has been modified to
1 W/K m’, going the energy use from 28 098 kWh to 27 933 kWh.

Etransmision = 28 098 — 27933 = 165 kWh
Considering the energy cost, the annual savings from both losses is the following:

SEK

Savings = (Eventilation + Etransmision) ' 2,46 m

SEK
Savings = (310 kWh + 165kWh) - 2.46 TR 1169 SEK

Having obtained those savings and knowing the previously presented door price the

payback period can be obtained as follows:

7000 SEK
SEK
year

Payback period = 5.99 years

1169

Roof:

It is estimated that the current non-insulated roof has a U-value of 0.81 W/m?K,
this could be lowered to 0.213 W/m?”-K by adding 120 mm of fiberglass insulation
(thermal conductivity 0.036 W/m-K) and 15 mm of OBS panels (thermal
conductivity 0.13 W/m-K).

For a better insulation and for aesthetic reasons the same OBS panels could also be

installed in the insulated part of the roof, reducing the U-value to 0.1292 W/m’-K.
The following cost-analysis:

The fiberglass insulation (Beijer Byggmaterial 2024) has a cost of 108 SEK per
square meter and the OBS panel (Leroy Merlin 2024e) is 115 SEK per square
meter. Considering the area of the non-insulated roof is 62.2 m” and the area of the

insulated roof is 31.34 m?.

It is considered that this job will require two carpenters during two working days
(16 hours). If the proposed changes are implemented, energy savings of
1 033.7 kWh per year could be achieved.

K SEK
—622m? +115—;
m m

SEK
+ 2 carpenter - BOOT- 16h = 27 074.7 SEK

-(62.2 + 31.34) m?

Investment = 108

27 074.7

Payback period = 5Ta29

= 10.65 years
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In order to get a more complete picture of the investment, the NPV is considered,

so that the appropriate discount rate can be taken into account.

(1+0.05)%6 —1 SEK
= -2542.9

NPV =
0.05- (1 + 0.05)1¢ year

—27074.7 SEK = 484.7

This result shows that considering the discount rate of 5 % (Audenaert et al. 2012),
the installation would be profitable in the 16" year.

External walls:

Regarding the walls insulation, the price of the panels 105 SEK/m’ (Leroy Merlin
2024b). The total area of the external and basement walls is 175 m’, resulting in a
price of 18 375 SEK for the insulation. The mortar has also to be considered in this
work (Leroy Merlin 2024c¢), the chosen one is indicated for this type of project and
it needs 4 kg/m’, thus it will require 28 bags of mortar, resulting in a price of 4 729
SEK. In regards to the gypsum plasterboard (Leroy Merlin 2024d) the price of the
panels is 35 SEK/m?, thus the price of the panels for the work is 6 125 SEK.

The new U-value for the external walls is 0.18 W/m?2-K

The total price of the construction materials is 29 229 SEK. Considering the project,
a good estimation is 4 days (32 hours) by two workers (mason), the salary of each

one is 400 SEK/h. The total cost of this measure is 54 829 SEK.

The IDA ICE simulation results in an energy saving of 1 120 kWh (2 755 SEK) in
respect to the base model. Thus, resulting in the following payback period

54 829

Payback period = oo

= 19.9 years

As the payback period is superior to 15 years there is no need to compute the NPV,

this measure is not cost effective.
Windows:

The chosen windows are (BonusFonster 2024) they have a U-value of 1.2 W/K m”’.
Each new window, of the same size as the previous ones, has a price of 5 107 SEK.
The renovation considers only 8 windows of the heated area, the cost of the

windows plus the cost of the installation is 52 856 SEK.
The energy savings achieved by this measure are 631 kWh (1 552 SEK). Thus:

52 856
1552

Payback period = = 34 years

As the payback period is superior to 15 years there is no need to compute the NPV,

this measure is not cost effective.
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Ceiling:

The objective of upgrading the insulation of the ceiling is to achieve a 0.2 U-value.
This can be done by adding 8 cm of mineral wool (Leroy Merlin 2024a) and 15 mm
of OBS panels (Leroy Merlin 2024¢). The new U-value for the ceiling is 0.21
W/m? K.

The total area of the ceiling is 103 m?, the price of the mineral wool is 70 SEK/m’
and the price of the OBS panel is 115 SEK/m’, thus the costs of the materials is 19
055 SEK. It is considered that this work will require two carpenters during (300
SEK/h) two working days (16 h), thus the labor cost will be 9 600 SEK.

300 SEK
—-16h

Cost = Material cost + Workers cost = 19055+ 2 - o

Cost = 28 655 SEK

The total cost of this measure is 28 655 SEK, the simulation has achieved.

Savi = 150 kWh - 2.46 L 369 SEK
avings = A6 =

Considering these values the economic results are the following:

28 655 SEK

Payback period = T360SEK

= 77.7 years

As the payback period too high there is no need to compute the NPV, this measure

is not cost effective.
Guest room

The room uses a 900 W radiator, which it is estimate that works during 200 days in
the winter season.
days

E =09 kW -200 24 h = 4320 KWh
radiator — Y- year day - year

This value represents the 30% of the total electricity consumed by the installation
(14 369 kWh).

To reduce the energy use in this room, several solutions are proposed, the effect of

which has been obtained from IDA ICE. However, the cost-analysis is the following:
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Reduce electricity use: This measure pretends to change the heater for one
with a thermostat and program it to maintain the temperature at 15 °C. It
is estimated with the IDA ICE that could save up to 1 546.8 kWh. The cost
of a radiator with a 900 W thermostat, suitable for heating a room of similar
dimensions to the one in the study, is 1 280 SEK (Cecotec 05373)
(Amazon.es 2024).

Savi —15468kWh 246SEK = 3805.13 SEK
avings = “year T kWh " year
Payback od = 1280 = 0.34
ayback period = z-o-o—— = 034 years
NPV = (1+005)" —1 3805.13 SEK 1280 SEK = 2 344
~0.03-(1+0.05)! T year B

This result shows that considering the discount rate of 5 % (Audenaert et al. 2012),
the installation would be profitable in the first year.

Install a water radiator: This section pretends to analyze the installation of a

water radiator and its connection to the general water system.

The cost of a radiator (Leory Merlin 2024) to heat a space of 8 m’ is
1 250 SEK, the chosen radiator has a maximum power of 845 W and the
dimensions are 50 cm high and 60 cm wide. The installation of the new
piping system would cost around 8 000 SEK. The total cost of the work is
9 250 SEK.

If this measure is implemented, the energy required by the water radiator
will be 3 006.7 kWh, considering the COP of the heat pump (3.35), the
electricity demand will be reduced in 3 422.5 kWh per year. The payback

period will be around 1.10 years.

Savi = 34225kWh 2.46 SEK = 8419.35 SEK
avings = “year T kWh " year
Payback jod = 9250 = 1.10
ayback period = o——o—r = 1.10 years
(140052 -1

SEK
NPV +8419.35———9 250 SEK = 6 405
year

~0.05- (1 +0.05)2

This result shows that considering the discount rate of 5 % (Audenaert et al. 2012),
the installation would be profitable in the 2™ year.

Enhanced wall insulation with electric radiator: in this case it is proposed to

install new insulation in the wall rooms.
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Improving the insulation of the interior walls (21.46 m?) that separate the
attic from the living room by adding mineral wool (8 cm thickness and
thermal conductivity 0.036 W/m-K) and a cover of OBS boards (1.5 cm
thickness and thermal conductivity 0.13 W/m-"K) could reduce the average
U-value to 0.443 W/m?*-K.

The cost of the mineral wool is 70 SEK per square meter (Leroy Merlin
2024a) and the cost of the OBS board (Leroy Merlin 2024e¢) is 115 SEK per
square meter. The installation is estimated to require at least 8 hours of

work by a carpenter, who charges approximately 300 SEK per hour.

For this measure to have the desired energy savings an electric radiator with
a thermostat will be needed, otherwise the electricity use would be the
same. Therefore, the same radiator as the one explained in the first proposal
must be also considered in the investment (1 280 SEK). If this measure is
implemented, the electric heater would need to use 3 055.4 kWh, thus the
savings in energy would be 1 264.6 kWh/year.

SEK SEK

Investment = 21.46 m? - (70 + 115) — + 8h - SOOT

+ 1280 SEK = 7 650.1 SEK

, kWh
Savings = 1264.6

SEK SEK
. 2.46—h =3110.9

year 1474 year
Payback 'd—7650'1—246
ayback period = 31109 _ ~ years
NPV = (1+005°~1 3110.92 LK 7 650.1 SEK = 821.7
~0.05- (1+0.05)3 " year ' ST

This result shows that considering the discount rate of 5 % (Audenaert et al. 2012),
the installation would be profitable in the 3™ year.

Enhanced wall insulation with water radiator: in this case it is proposed to

install new insulation in the wall rooms.

Improving the insulation of the interior walls (21.46 m?) that separate the
attic from the living room by adding mineral wool (8 cm thickness and
thermal conductivity 0.036 W/m-K) and a cover of OBS boards (1.5 cm
thickness and thermal conductivity 0.13 W/m-"K) could reduce the average
U-value to 0.443 W/m?*-K.
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The cost of the mineral wool is 70 SEK per square meter (Leroy Merlin
2024a) and the cost of the OBS board (Leroy Merlin 2024e) is 115 SEK per
square meter. The installation is estimated to require at least 8 hours of

work by a carpenter, who charges approximately 300 SEK per hour.

If it is considered also to install a water radiator (9 250 SEK) instead of an

electric one, the energy savings achieved by the simulation are.

SEK SEK
Investment = 21.46 m? - (70 + 115) — + 8h - SOOT

+ 1250 SEK + 8000 SEK = 15 620.1 SEK

. kWh SEK SEK
Savings = 5261 ——-246——=12942.1
year

kWh year
Pavback _d_15620.1SEK_12
ayback period = -~~~ = 1.2 years
NPV = (110057~ 1 12 942.1 St 15 620.1 SEK = 8 444.5
~0.05- (1 +0.05)2 " year ' B '

This result shows that considering the discount rate of 5 % (Audenaert et al. 2012),
the installation would be profitable in the 2" year.

Heat Power Demand Indicator (Scenario 1)

An approximation to the ventilation losses can be made using equation 12.

m3  kJ kg kw
Hy naturar = F " Cair * Pair = 0-02668T' 1@' 112% = 0.032016?
m3 kJ kg kw
vaorced =F- Cair " Pair = 000732T ' 1m ' 12% : (1 - 08) = 000176T

® Indicator 1: it can be calculated using equation 23, the Ui - Ai product is
extracted from IDA ICE, the ventilation losses are calculated above and the
total enclosing area (A.m) is extracted from the IDA ICE model, as

explained, the inside temperature is set to be 20 °C.

YU -A;+H
Pheat demana = lA l = (T; — DVUT)
om
261.7 + 33.78
Phea demana = 365.76 (20— —-17) = 29-89@

Using Table 1 and Fy,,=1.1 for Gavle it can be found that the coalification is
Gold.
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® Indicator 3: is calculated following the same methodology explained in the

base model calculation of indicator 3.

The electric use for space heating (8 100 kWh/year) is extracted from IDA

ICE.
5 Esh,i
i=1 quo + ESC,i + EDHW,i + Efe,i . WFl
EP .. =
pet Atemp
(m + 489.6) 1648260 4 YWh
EPyp =~ L1~ 991
pe 98 m2

For the indicator 3, only the installed heat power requirement is met, thus

we can conclude that the studied house does not qualify for this certificate in

the current state.

® Indicator 4: using Excel tool the certification is Silver. The input values of

the tool are the energy used per square meter of heated area (98 m?). For

electricity from the grid the energy use is 11 436 kWh, the electricity used
from the PV panels is 1 503 kWh and from wood is 8 960 kWh.

Economic approach scenario 1

Procentuell fordelning per kategori
och energikélla
Energi- 1 2 3
Byggnadens energiposter anvandning Energikalla Fornybar Fornybar _
T (flédande) (bio) Ellicinvbay
Hushallel 0 0% 0% 0%
Verksamhetsel 117 From the network 61% 0% 39%
Fastighetsel 0 0% 0% 0%
Fémybar flddande energi 15,33673469 |From PV panels 100% 0% 0%
Fjarrvarme 0 0% 0% 0%
Fjarrkyla 0 0% 0% 0%
Annan energi 91,42857143 |[From wood 0% 100% 0%
Total energianvandning 223 87 91 46
Andel av total 38,7% 40,9% 20,4%
Andel fornybart % 79,6%
Fornybart flédande energi 6,9%
‘ Indikatorbetyg ‘ SILVER

Considering the assumptions and considerations presented above the payback period

and the NPV are calculated for the application of the selected measures in this

scenario:
Pavback od = Investment _ 99 144 SEK _ 12
AyDaAck PeTtot = = vings  8232SEK - Y¢Y®
NPV = (1 +005)7 —1 8232 SEK 99 144 SEK = 342.4
~0.05-(1+0.05)1° year B '

This result shows that considering the discount rate of 5 % (Audenaert et al. 2012),
the installation would be profitable in the 19" year.
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COMPARISION OF THE THERMAL COMFORT LEVELS (Scenario 1)

The following table show the thermal comfort before and after the renovation.

Level of expectation bedroom Base model Scenario 1

High 3% 4%
Medium 6 % 7%
Moderate 33 % 33 %
Low 57 % 56 %

Level of expectation kitchen Base model Scenario 1

High 13 % 14 %
Medium 21 % 21 %
Moderate 32 % 32 %
Low 34 % 33%

Level of expectation living room Base model Scenario 1

High 10 % 10 %
Medium 15 % 15 %
Moderate 38 % 37 %

Low 38 % 37 %

Heat Power Demand Indicator (Scenario 2)

An approximation to the ventilation losses can be made using equation 12.

m3 kJ kg kw
Hy naturat = F * Cair * Pair = 0.02668— 1m- 1255 =0.032016
m3  kJ kg kw
vaorced =F- Cair " Pair = 000732? ' 1@ ' 12$ : (1 - 08) = 000176?

® Indicator 1: it can be calculated using equation 23, the Ui - Ai product is
extracted from IDA ICE, the ventilation losses are calculated above and the
total enclosing area (A.m) is extracted from the IDA ICE model, as

explained, the inside temperature is set to be 20 °C.

YU;-A; + H
Preat demana = lA l = (Ti — DVUT)
om
235.3 + 33.78

W
Pheat demana = 36576 (20— —-17) = 27.2@

Using Table 1 and Fy,,=1.1 for Gavle it can be found that the coalification is
Gold.
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® Indicator 3: is calculated following the same methodology explained in the
base model calculation of indicator 3.
The electric use for space heating (5 675.8 kWh/year) is extracted from
IDA ICE.

Eni
Pt (L + Esci + Epnw,i + Efe,i) - WE;

F
EP — geo
pet Atemp
(w +489.6) 1.6 KWh
EP,, =~ =922
pe 98 m?2

For the indicator 3, all the requirements are med, giving an score of Bronze.

® Indicator 4: using Excel tool the certification is Bronze. The input values of
the tool are the energy used per square meter of heated area (98 m?”). For
electricity from the grid the energy use is 9 103 kWh, the electricity used
from the PV panels is 1 503 kWh.

Procentuell fordelning per kategori
och energikélla
Energi- 1 2 3
Byggnadens energiposter anvandning Energikalla Fornybar Fornybar o
T (fldande) (bio) Eljcinveay
Hushallel 0 0% 0% 0%
Verksamhetsel 93 From the network 61% 0% 39%
Fastighetsel 0 0% 0% 0%
Fémybar flddande energi 15,33673469 |From PV panels 100% 0% 0%
Fjarrvarme 0 0% 0% 0%
Fjarrkyla 0 0% 0% 0%
Annan energi 0 From wood 0% 100% 0%
Total energianvandning 108 72 0 36
Andel av total 66,5% 0,0% 33,5%
Andel fornybart % 66,5%
Férnybart flédande energi 14,2%
‘ Indikatorbetyg I BRONS

Economic approach scenario 2

Considering the assumptions and considerations presented above the payback period

and the NPV are calculated for the application of the selected measures in this

scenario:
Pavback od = Investment _ 249 824 SEK _ 193
AYDaACk PeTtod = =g vings 12954 SEK V¢4
NPV = d+ 0'05)69 1 12 954 SEK 249 824 SEK = 322.2
~0.05- (1 +0.05)5° year ST

This result shows that considering the discount rate of 5 % (Audenaert et al. 2012),
the installation would be profitable in the 69" year. This result is clearly excessive,

the scenario is not profitable, it should not be implemented.
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COMPARISION OF THE THERMAL COMFORT LEVELS (Scenario 2)
The following table show the thermal comfort before and after the renovation.

Level of expectation bedroom Base Model Scenario 2

High 4% 7 %
Medium 6 % 8 %
Moderate 33 % 40 %
Low 57 % 45 %

Level of expectation kitchen Base Model Scenario 2

High 13 % 9 %
Medium 21 % 13 %
Moderate 32 % 33 %
Low 34 % 45 %

Level of expectation living room Base Model Scenario 2

High 10 % 8%
Medium 15 % 12 %
Moderate 38 % 40 %
Low 37 % 40 %
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Appendix D: House plans and data sheets

Heat pump specifications

To heat the water for use in the heating and DHW systems, the house is equipped
with a heat pump from Mitsubishi Electric. The following table contains the most

relevant specifications of the heat pump.

Model EHST20D-YM9D
INDOOR UNIT | DHW Tank Capacity 200 L

Max. supply temperature 60 °C

Model PUD-SHWMS0YAA

Max. heating effect 9,5 kW

Avg. climate COP heat 55 °C 3.35
OUTDOOR UNIT | Avg. climate COP heat 35 °C 4.48

Avg. climate COP heat 55 °C 2.83

Avg. climate COP heat 35 °C 3.58

Minimum operating temp. -28 °C

Specifications for the anemometer 8360-M-S

0.15t02.5{2.5t0 10| 10to 30 | 30 to 50
m/s m/s m/s m/s

2.5% rdg | 2.5% rdg | 2.5% rdg | 2.5% rdg
+0.01 m/s|+0.05 m/s{+0.25 m/s| 0.5 m/s
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Specifications of the PV panel JKM625N-78HL4-BDV

Electrical Perfformance & Temperaiure Dependence

Current-Voltage & Power-Voltage Temperature Dependence of
Curves (615W) Isc,Voc,Pmax
i 180
Il 160
16 630
0
I I | 14 //\\ w g
T [T i 2 - 2 w5
— o e e T e
T | < 30 ¥ §
- “ §° A 280 § § - i
i I“‘!‘H”‘H]‘ g = 20 & g RBmax
e I
H‘ ey il i I I 4 s 140 60
il L 2 AN 70 §
0 o ze
i Mmm 0 5 10 15 20 25 30 35 40 45 50 55 60 20
I !
i :
\ 7]» ———— -50 -25 o % 5 75 10

side Back Voltage (V) Cell Temperature (C)

Length: £2mm ~
Widlth; 22mm No. of cells
. iﬁ =6 o [:| 2 Height: tlmm 3
. g 4
Row Pifch: £2mm Weight 34.6kg (76.38 Ibs)
2 = T = s mm, Anti-Reflection C
AR 88

Back Glass 2.0mm, Heat Strengthened Glass

*This tolerance range applies only to the four-angle distance of the module os indicated above.

Packaging Configuration

( Two pallets = One stack )

Junction Box P68 Rated

Specifications of Nano air 50

CARACTERISTICAS TECNICAS Y ELECTRICAS
Alimentacién: 100-230 V - 50-60 Hz
indice de proteccién: clase IP 24
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Appendix E: Winsun and solar radiation

The following figure represents the input values of the Winsun PV tool.

Aby 2017

Yellow cells can be changed ‘Orange cells, should not be changed

The results for the irradiation and PV generation obtained with the simulation tool

are the following:
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SOLAR CALCULATIONS

2 glass to the heated area

N (-180°) E (-90°) S (0°) W (90°)

Month Days(d) r c q'(Wh/m2) A (m2) Esolar(Wh) q (Wh/m2) A (m2) Esolar(Wh) q (Wh/m2) A (m2) Esolar(Wh) q'(Wh/m2) A (m2) Esolar (Wh)
Jenuary 31 0,80 045 130,00 3,77 5469,52 550,00 3,71 22 741,29 2 710,00 2,97 89 823,49 550,00 - -
February 28 0,80 0,49 370,00 3,77 15310,42 1 550,00 3,71 63 032,42 4 880,00 2,97 159 081,75 1 550,00 - -
March 31 0,80 0,58 730,00 3,77 39 586,21 3 050,00 3,71 162 542,80 6 320,00 2,97 269 993,43 3 050,00 - -
April 30 0,80 0,58 1 350,00 3,77 70 845,84 4 750,00 3,71 244 974,60 6 410,00 2,97 265 004,78 4 760,00 - -
May 15,5 0,80 0,63 2 350,00 3,77 69 210,41 5 630,00 3,71 162 951,68 5730,00 2,97 132 945,40 5 630,00 - -
June - 0,80 0,61 3210,00 3,77 - 6 190,00 3,71 - 5460,00 2,97 - 6 190,00 - -
July - 0,80 0,61 2 830,00 3,77 - 5960,00 3,71 - 5 580,00 2,97 - 5960,00 - -
August - 0,80 0,59 1 700,00 3,77 - 5 020,00 3,71 - 5970,00 2,97 - 5 020,00 - -
September 15 080 0,58 900,00 3,77 23 615,28 3520,00 3,71 90 769,54 6 130,00 2,97 126 714,46 3 520,00 - -
October 31 0,80 0,51 510,00 3,77 24 318,31 2 110,00 3,71 98 876,37 5620,00 2,97 211 112,83 2 110,00 - -
November 30 0,80 042 200,00 3,77 7 600,32 840,00 3,71 31 370,98 3 480,00 2,97 104 182,85 840,00 - -
December 31 0,80 043 80,00 3,77 3216,26 350,00 3,71 13 828,54 2 030,00 2,97 64 294,32 350,00 - -
TOTAL 259 172,57 891 088,22 1423 153,31 -

TOTAL 2573 414,10

1 glass to non-heated area
N (-180°) E (-90°) S (0°) W (90°)

Month Days(d) r c q'(Wh/m2) A (m2) Esolar(Wh) q'(Wh/m2) A(@m2) Esolar(Wh) q'(Wh/m2) A(@m2) Esolar(Wh) q'(Wh/m2) A (m2) Esolar(Wh)
Jenuary 31 0,90 045 130,00 1,48 2 420,15 550,00 - - 2 710,00 4,20 142 901,01 550,00 0,98 6 749,88
February 28 0,90 049 370,00 1,48 6 774,56 1 550,00 - - 4 880,00 4,20 253 084,61 1 550,00 0,98 18 708,76
March 31 0,90 0,58 730,00 1,48 17 516,11 3 050,00 - - 6 320,00 4,20 429 535,01 3 050,00 0,98 48 244,61
April 30 0,90 0,58 1 350,00 1,48 31 347,87 4 750,00 - - 6 410,00 4,20 421 598,52 4 760,00 0,98 72 864,41
May 155 0,90 0,63 2 350,00 1,48 30 624,23 5 630,00 - - 5 730,00 4,20 211 504,04 5 630,00 0,98 48 365,97
June - 0,90 0,61 3210,00 1,48 - 6 190,00 - - 5 460,00 4,20 - 6 190,00 0,98 -
July - 0,90 0,61 2 830,00 1,48 - 5960,00 - - 5 580,00 4,20 - 5960,00 0,98 -
August - 0,90 0,59 1 700,00 1,48 - 5 020,00 - - 5970,00 4,20 - 5 020,00 0,98 -
September 15 09 0,58 900,00 1,48 10 449,29 3520,00 - - 6 130,00 4,20 201 591,18 3520,00 0,98 26 941,46
October 31 090 0,51 510,00 1,48 10 760,37 2 110,00 - - 5620,00 4,20 335 861,32 2 110,00 0,98 29 347,67
November 30 090 042 200,00 1,48 3362,99 840,00 - - 3 480,00 4,20 165 745,44 840,00 0,98 9311,27
December 31 090 043 80,00 1,48 1423,13 350,00 - - 2 030,00 4,20 102 286,42 350,00 0,98 4104,47
TOTAL 114 678,71 - 2264 107,55 264 638,52

TOTAL 2 643 424,77




SOLAR CALCULATIONS

2 glass to the non-heated area

N (-180°) E (-90°) S (0°) W (90°)
Month Days(d) r c q'(Wh/m2) A (m2) Esolar(Wh) q (Wh/m2) A (m2) Esolar(Wh) q (Wh/m2) A (m2) Esolar(Wh) q'(Wh/m2) A (m2) Esolar (Wh)
Jenuary 31 080 045 130,00 - 550,00 - 2 710,00 1,24 37 350,85 550,00 - -
February 28 0,80 0,49 370,00 - 1 550,00 - 4 880,00 1,24 66 150,16 1 550,00 - -
March 31 0,80 0,58 730,00 - 3050,00 - 6 320,00 1,24 112 270,00 3 050,00 - -
April 30 0,80 0,58 1 350,00 - 4 750,00 - 6 410,00 1,24 110 195,59 4 760,00 - -
May 15,5 0,80 0,63 2 350,00 - 5630,00 - 5730,00 1,24 55282,01 5630,00 - -
June - 0,80 0,61 3210,00 - 6 190,00 - 5 460,00 1,24 - 6 190,00 - -
July - 0,80 0,61 2 830,00 - 5960,00 - 5580,00 1,24 - 5960,00 - -
August - 0,80 0,59 1 700,00 - 5020,00 - 5970,00 1,24 - 5020,00 - -
September 15 080 0,58 900,00 - 3520,00 - 6 130,00 1,24 52 691,03 3520,00 - -
October 31 0,80 0,51 510,00 - 2 110,00 - 5 620,00 1,24 87 785,97 2 110,00 - -
November 30 080 0,42 200,00 - 840,00 - 3 480,00 1,24 43 321,82 840,00 - -
December 31 080 0,43 80,00 - 350,00 - 2 030,00 1,24 26 735,18 350,00 - -
TOTAL - - 591 782,61 -
TOTAL 591 782,61

2 GLASS TO HEATED AREA 2573414 Wh

2 GLASS TO NON-HEATED AREA 591783 Wh

1 GLAS TO NON-HEATED AREA 2643425 Wh

TOTAL 5808621 Wh
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