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 Abstract III 

ABSTRACT 
The renewal of the existing housing stock is a slow progress and the 
existing is quite old. The existing housing stock represents a large 
amount of the bought energy need for heating and a simple method for 
quickly determining the energy performance is needed.  
There are many different methods for estimating the energy 
performance of buildings. In this report the feasibility of using a 
single-variate steady state method to investigate energy performance 
has been tested. Bought energy need in single-family houses in a cold 
climate has been observed during the cold period. The observations 
have been made with the help of a measurement system requiring a 
minimal installation. The heat loss factor of the observed buildings 
has been determined using the energy signature approach and different 
time scales have been tried.  
The result shows that to determine the heat loss factor of single-family 
buildings, a single-variate method is valid. Daily averages are a good 
time scale for houses using radiators under the windows to heat the 
building. Buildings with floor heating in concrete slab need to have a 
longer time scale, around 3 days.  
The method does not account for occupancy levels and separate 
energy use in specific installations is not easy to estimate with the 
minimalized measurement setup. A combination of heat sources such 
as district heating, electrical heating, heat recovery and/or fire stove is 
problematic to handle with the energy signature method if enough 
observations for al heat sources can be achived. 
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SAMMANFATTNING 
Förnyelsen av det befintliga bostadsbeståndet går långsamt samt att 
det är gammalt. Det befintliga bostadsbeståndet utgör en stor del av 
det köpta energibehovet för uppvärmning. Det behövs en metod enkel 
för att snabbt kunna bestämma energiprestandan.  
Det finns många olika metoder för att uppskatta byggnaders 
energiprestanda. I denna rapport provas möjligheten att använda en 
enkel-variabel steady state metod för att undersöka energiprestandan i 
det befintliga bostadsbeståndet. Köpt energibehovet i enfamiljshus i 
ett kallt klimat har observerats under den kalla årsperioden. 
Observationerna har gjorts med hjälp av ett mätsystem som krävt en 
minimal installation. Energiförlustfaktorn av de observerade 
byggnaderna har fastställts med hjälp av ett energisignatur synsätt och 
olika tidsskalor har prövats. 
Resultatet visar att bestämma värmeförlustfaktorn i småhus med hjälp 
av en enkel-variabelmetod ger goda resultat. Dagliga 
genomsnittsvärden är en bra tidslängd för att analysera hus som värms 
med radiatorer under fönstren. Medan Byggnader med ett 
golvvärmesystem i en betongplatta måste ha ett längre tidsperspektiv, 
ca 3 dagar. 
Metoden tar inte hänsyn till beläggningsgrad och det är inte lätt att få 
ut energi användningen av specifika installationer med en 
minimaliserad mätutrustning. En kombination av ett flertal olika 
värmekällor såsom fjärrvärme, el värme, värmeåtervinning och/eller 
braskamin är problematiskt att hantera med ett energi signatur synsätt 
om inte tillräckligt många observationer uppnås för alla värmekällor  
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1 INTRODUCTION 
Large parts of the existing single family as well as multifamily 

buildings in Sweden were built during the 1960-1970ies. Many of 
these buildings are in need of retrofitting and improvements to fulfill 
modern energy performance regulations. Rules and regulations are 
currently concern production of new buildings. The renewal of the 
Swedish building stock is approximately 2% per year (Statistiska 
centralbyrån, 2014a; 2014b). A study done by IVA (2012) highlights 
problems associated with the building stock and one conclusion is that 
there is a need to identify and develop methods to deal with energy 
related issues. 

 
There are two main methods to investigate energy performance in 

the existing housing stock: Prediction models and Data driven models 
(Rabl, 1988). These methods typically have opposite approaches. Data 
driven models can be used to measure the bought energy need and to 
determine the energy loss of an existing building. Prediction models 
can be used to calculate the energy loss before the building is 
constructed in order to determine the energy needs to achieve desired 
indoor climate.  

 
Building energy simulation software (Crawley, 2008) is based on 

calculations of building parameters collected from drawings. The 
method is ideal for evaluating a building in the design stage. A main 
drawback for predictions to be accurate is that the building must be 
intimately known. Air leakage, electricity use patterns, solar 
irradiation, occupancy levels, and behavior are required. Unknown 
parameters must be assumed. These assumptions are one reason for 
difficulties in obtaining accurate predictions of energy use. A benefit 
is that it is easy to switch components or construction elements in the 
model to compare different solutions. Prediction models investigate 
the indoor environment with a set of outdoor environment parameters 
by changing the building. This approach is mostly used in the design 
stage. 

 
Data driven models (Fels, 1986; Hammarsten, 1987; Olofsson, 

2009; Sjögren, 2007) make use of surveyed data, e.g. monitored 
supplied energy and climate conditions. The energy use is gathered 
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through measurements in a building or by the usage of data collected 
from energy bills. A benefit with this approach is that the building 
does not have to be intimately known since a total heat loss including 
all loss factors in the building will be obtained. The downside is that 
data driven methods are building specific and cannot be applied 
before the building is actually built, hence they are commonly used as 
a tool to evaluate or estimate the effects the retrofit. It is difficult to 
use data driven methods to evaluate different components unless the 
energy balance is well described. Additionally, access to 
measurements conducted before and after retrofit is needed. This 
makes it time-consuming and expensive to compare different 
components. Data driven models captures knowledge on how the 
building actually performs in a varying outdoor environment.  

Data driven models are suited to answer questions about the 
following characteristics of specific buildings: 

 
• How does energy usage compare to design predictions? 
• How much energy retrofitting for example the building 

envelope can save? 
• Verifying retrofits. 
• How can one detect faults and optimize control and 

operation equipment? 
 
This work has been focused on a data driven approach, labeled the 

energy signature method (Fels, 1986). Data-driven models are ideal 
for investigating energy performance in already built buildings. The 
research questions are introduced in chapter 3 after the theoretical 
framework has been presented. 
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2 THEORETICAL FRAMEWORK 
There are three main types of data driven approaches (ASHRAE, 

2013): Empirical or “Black-Box” approach, Calibrated Simulation 
approach, and Grey-Box approach. 

In the empirical approach, a simple or multivariate regression 
model is formulated relative measured energy and various influential 
parameters. The regression can be either fully statistical or loosely 
based on some engineering formulation of energy use in buildings. 
This is a fairly simple and straightforward approach and is one of the 
most commonly used data driven approaches. This approach is used to 
compare actual energy use to predicted energy use by e.g. (Bagge, 
2007; Nilsson, 2003). In Sjögren (2007) it was used to investigate the 
heat loss of buildings. 

A calibrated simulation approach is a prediction model created in a 
simulation software, “tuned” to match the actual energy use for a 
specific building. The calibrated prediction model can predict future 
energy need more reliably.  

The Grey-Box approach formulates a physical model of the 
structure to identify important parameters  (Rabl & Rialhe, 1992). The 
difficult part is to set up proper equations and estimate the parameters. 

 
There is also a difference between steady-state and dynamic 

models. 
Dynamic models account for building warm-up, cool down and 

peak loads in the building. A higher resolution with normally hourly 
or sub hourly sampling of the data is needed.  

Steady-state models do not account for thermal mass or 
capacitance effects that cause short-term temperature transients. 
Depending on the thermal mass of the building, monthly to daily 
averages can be used in a steady-state model. A benefit with steady-
state models is that they are easy to automate and apply to buildings 
where monthly, weekly or daily building utility data is available. 

 
Neural networks are highly flexible, but require computation time 

and user effort to take advantage of the flexibility. Neural networks 
vary in complexity from the simpler one- or two-capacitor 
resistance/capacitance networks (Hammarsten, 1987) to more 
advanced models (Clarke, 2001). The common ground between all 
neural networks is the representation of the building in nodes that are 
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connected with heat transfer paths. The complexity of the models 
increases with the number of nodes and amount of calculations 
between each node, for example convection, conduction, and 
radiation. By using observations from existing buildings the neural 
network can be trained to calculate energy use for longer periods  
(Olofsson & Andersson, 2001). This can be used to evaluate a retrofit 
by training the neural network on the pre-retrofit building. When the 
retrofit is done the neural network can be used to estimate the “old” 
energy use for comparison with measured data after the retrofit. 

 
Single-variate models are models with only one regressor variable. 

These models are maybe the most common data driven models. They 
can be based on degree-days (Fels, 1986), or mean temperatures 
(Hammarsten, 1984).  The model is often used to identify the balance 
point or change point when the buildings goes from weather 
dependent to weather independent. 

Multivariate models are an extension of single-variate models and 
exist in two types. Type one is a standard multiple-linear or change-
point regression model that does not retain time-series nature of the 
energy data observations. Type two is a Fourier series model that 
retains the time-series nature of the energy data observations. The 
goal of the multivariate approach is to model the building with a few 
reliable input variables. If used to evaluate a retrofit these variables 
should not change from pre-retrofit to post-retrofit. Climatic variables 
such as temperature, solar irradiation and humidity together with 
interior variables such as occupancy levels, base load, and operating 
hours can be included. If chosen parameters vary very little they will 
be lumped with the constant load by the model. Some variables are 
very difficult to estimate or measure in a real building and are thus not 
suitable as regressor variables. 

 

2.1 Energy signature 
The energy signature method (Fels, 1986; Hammarsten, 1987) is 

either of single or multivariate type. The single-variate model depends 
on temperatures while multi-variate versions commonly add solar 
irradiation as the second regressor variable. 

Northern Sweden is characterized by a very varied climate. In the 
winters it is cold and dark, in the summers it is warm and sunny. A 
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range of -30 to +30 oC is common. This results in a large variation of 
energy use in buildings.  

When using the energy signature method it is common to measure 
the energy use in the building and plot the observations in a power 
versus temperature difference graph (Bagge, 2007; Nilsson, 2003). 
The observed energy use is dependent on the outdoor conditions and 
with the help of linear regression (Montgomery, 2009) three types of 
scenarios can be identified.  

The first scenario is constant power usage. This occurs when a 
small heating or cooling supply is needed in the building to achieve 
the desired indoor temperature, Figure 1. The energy use in the 
building consists of installed pumps and fans that always run; 
refrigerators and other equipment with 24-hour uptime per day. 
Depending on the resolution of the observations, be it minute, hourly 
daily, weekly or monthly different cycles can be seen in the 
observations. Energy use from lamps, cooking equipment and hot tap 
water would show up as sudden increases (spikes) in the observations. 
By performing a linear regression of the observations a regression line 
is constructed. This regression line, eq. (18), will have none or very 
little slope (K) and the constant energy use value is what would 
represent the constant power loss (P0) of the building. 

 

Figure 1 Constant power loss 

 

P(W) 

P0 

Te(oC) 
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Scenario two occurs when the building needs to be heated to keep 
the desired indoor temperature. This occurs during the winter season 
in Sweden with temperatures well below zero. Linear regression of 
the observations normally reveals a linear relation between the 
temperature difference and the power usage as in Figure 2, where the 
slope (KHeating) is close to the heat loss, Figure 8. Exception to this can 
occur if a heat source without a constant efficiency is used creating a 
non-linear relationship between heating and the outdoor temperature. 
An example is geothermal heat pumps that have a variable efficiency 
depending on the temperature difference over the pump (Westergren, 
2000).  

 

Figure 2 Heating required 

 
Scenario three occurs when the indoor temperature is too high and 

cooling is needed, Figure 3. This occurs if the internal heat production 
or the outdoor temperature is too high. The slope KCooling is the 
increase of power need for cooling in relation to the increase in 
outdoor temperature. The slope is not necessarily equal to KHeating with 
a sign change since the cooling system might have a different 
efficiency than the heating system. 

P(W) 

KHeating 

Te(oC) 
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Figure 3 Cooling needed 

 
When looking at observations over a full year in Sweden one can 

expect to find a large amount of observations from the heating season 
as well as from the period when no heating is needed. If the building 
is also equipped with a cooling system Figure 4 is plausible. One 
should note that cooling systems are extremely rare in single-family 
buildings in northern Sweden. The length of scenario one depends on 
how the limits for when it is too cold or too hot are set in the building. 
The outdoor temperature for the lower breakpoints is called the 
balance temperature and is the outdoor temperature where the 
building does not need any additional energy to achieve the desired 
indoor temperature.  

 

P(W) 

KCooling 

Te(oC) 
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Figure 4 Hypothetical observations over a year 

 

2.2 Energy balance 
 

 

 
The energy balance in a building is stated as supplied energy 

(Qsupply) equals energy losses (Qloss), eqn. (1), Figure 5 developed from 
(Nilsson, 2003). Energy supply consists of energy from electrical 
usage, space heating and/or cooling, hot water production together 
with energy gains from solar heat and people in the building. The 
energy losses consist of ventilation, transmission and sewage losses. 
Houses that utilize heat recovery ventilation (HRV) use it to decrease 
the ventilation losses and thus the energy need for space heating.  

For a single-family house in northern Sweden the energy balance 
can be stated as in eqn. (2) where the energy from: Electricity QE, Sun 
QS, Heating QH, and People QP, equals the losses from: Ventilation 
QV, Transmission QT, and sewage/gray water QSG. 

 
Q!"##$% = Q!"## (1)  

 
Q! + Q! + Q! + Q!" + Q! = Q! + Q! + Q!" (2)  

P(W) 

Te(oC) 

KCooling 

KHeating 

P0 
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Figure 5 Energy balance in buildings developed from (Nilsson, 2003). 

 
Physical building parameters such as the thermal heat transfer 

process (transmission and air change) are included in the loss term 
(Qloss). These parameters are based on materials, thicknesses, and 
construction methods to ensure air tightness for ventilation losses. It is 
the energy supply (Qsupply) parameters and then mostly electricity, 
heating and hot water that are readily available without extra 
measurement installations. 
 

2.2.1 Energy supply 

2.2.1.1 Electricity  
Electricity power is split into two groups: household electricity PHE 
and building operating electricity POE. The household electricity is 
electricity related to the users while the building operation electricity 
is electricity used for pumps, fans, and other installations. 

Petersson (2010) states that 70-80% of the electricity used in the 
building contribute to heating. Since the use of household electricity is 
several times larger than the electricity used by installations the user 
behaviour has a large impact on the energy balance.  

Bagge (2008) investigated real electricity use patterns in 
apartments and found a difference between weekdays and weekends. 

Electricity 
Sun 

Heating/cooling HRV 

People 

Transmission losses 

Ventilation losses 

Sewage/grey water Hot Water 
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Further an investigation of how different electricity use patterns affect 
space heating was done  (Johansson & Bagge, 2011). This was 
achieved by simulating the space heating for a typical Swedish 
building with different electricity use patterns and resolutions. Three 
different patterns where used in six different simulations. The 
conclusion was that constant electricity use cannot be used in 
simulations of space heating and that the industry and simulation 
programs lack the necessary data to create viable electricity use 
patterns.  

 

2.2.1.2 Sun  
Depending on the building and its location the solar irradiation is 
different. A building in the south of Sweden with large windows 
facing south have larger energy gains from the sun than the same 
building in the north of Sweden. Buildings in Sweden are designed 
with winter and the space heating need in mind. Wherever free heat 
from solar irradiation is possible to utilise it is positive. One problem 
that can occur is that during the summer parts of the building can 
overheat due to solar irradiation. Bagge (2011) made a multiple linear 
regression studying solar heat gains, window area and orientation 
together with airing. The conclusion was that useful solar heat gains 
increase with the window area but that the use of space heating per 
window area increases several times more. This might be connected to 
the poorer thermal resistance of windows compared to walls. In the 
north of Sweden the sun hours are very few during the winter season 
(SMHI, 2012). Due to this (Sjögren et al. 2009) and (Nordström et al. 
2013) argue that the solar irradiation can be neglected during the 
period October to Mars. 

 

2.2.1.3 Space Heating  
Space heating represents a large percentage of the total energy needs, 
approximately 20% of Swedens total energy need can be attributed to 
space heating (Energimyndigheten, 2012). There are mainly two 
different energy sources for space heating, electrical heating such as 
electrical radiators and heat pumps and energy generated by 
combustion of for example wooden chips, oil or gas. Several authors 
have investigated the space heating demand in relation to the outdoor 
temperature or the temperature difference between indoors and 
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outdoors. Nilsson (2003) and later Bagge (2007) investigated a 
residential apartment area in Malmö, Sweden. They showed that the 
space heating demand have a linear relationship with the outdoor 
temperature. Older studies such as (Fels, 1986; Hammarsten, 1984) 
also show linear behaviours.  

The heating system also produces hot tap water for the building. It 
is not always easy to separate the energy for space heating from the 
hot water production. When looking at monthly bills the bought 
energy is the total of hot water and space heating. There are methods 
to separate hot water and space heating and a requirement is that the 
time step between observations is short enough to detect short-term 
spikes in the observations. A hot water tap being open likely causes 
these spikes (Ylineiemi, 2007). If the heating system stores hot tap 
water in a tank and does not instantly heat it, a flow meter needs to be 
install on the hot water pipe to measure the actual hot water use. 

 

2.2.1.4 User behaviour  
Users produce different amounts of heat during different activities. 
Different suggestions for estimation of energy production by users 
exist, examples are 100W per person (Petersson, 2010) or (Hens, 
2011) with activity dependant effect generation. A difficult part to 
estimate is the occupants influence. Bagge tries to investigate 
occupancy levels by measuring the CO2 levels in the exhaust air of a 
residential apartment complex and compare it to how many persons 
are registered in the complex (Johansson, 2011). Occupancy levels 
and behaviours change over time, vary between people and are 
therefore difficult to actually determine. 
 

2.2.2 Energy losses 

2.2.2.1 Ventilation losses 
Ventilation is one of the main energy losses. In a building, two types 
of ventilation losses are present. Firstly, the actual ventilation of the 
building, which in the Swedish building code is set to 0.35 l/m2s floor 
area (0.5 air changes per hour) (Boverket, 2011). This ventilation can 
be controlled by a mechanical system and heat recovery is possible. 
Secondly, due to air leaks in the envelope. These air leaks allow for 
air to be ventilated out from the building in an uncontrolled manner. 
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One way to determine air leaks is to pressurise the building to 50 Pa 
pressure difference over the envelope by a blower door test (ASTM 
E1827, 2011). A survey of methods for testing air leakages has been 
done by (Allard, 2013). One can assume that 4% of the air leakage at 
50 Pa pressure difference is present at normal pressure (Petersson, 
2010). 
 
To calculate the energy loss (kWh/year) from ventilation QV and air 
leakage QL equations (3) and (4) are used. 
 
 

𝑄! =
𝑉𝑒𝑛𝑡
1000 ∗ 𝐴!"##$ ∗ 𝑐𝜌!"# ∗

𝐷𝑒𝑔𝑟𝑒𝑒  ℎ𝑜𝑢𝑟𝑠
1000  (3)  

 
 

𝑄! =
4% ∗ 𝐿𝑒𝑎𝑘𝑎𝑔𝑒!"!"

1000 ∗ 𝐴!"#$%&'$ ∗ 𝑐𝜌!"# ∗
𝐷𝑒𝑔𝑟𝑒𝑒  ℎ𝑜𝑢𝑟𝑠

1000  (4)  

 

Vent Ventilation rate (l/m2s) (floor 
area) 

Leakage50Pa 
Air leakage (l/m2s) (envelope 
area) 

AFloor Floor area (m2) 
AEnvelope Envelope area (m2) 

cρair 
Volumetric heat capacity for air 
1200(Ws/m3K) 

 

2.2.2.2 Transmission losses 
The transmission losses through the building envelope are determined 
by the material properties and thickness of the envelope parts. The 
building envelope consists of exterior walls, windows, doors, 
foundation and the roof of the building. The heat loss over the 
envelope is calculated by determining the heat loss or U-value of each 
building part, joints and bridges. These are then added and normalised 
over the envelope area for an average U-value, Um (Boverket, 2011). 
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𝑈! =

𝑈!𝐴! + Ψ!"𝑙!" + 𝜒!
𝐴!"#$%&'$

 (5)  

 

Ui 
U-value of building part 
(W/m2K) 

Ai Area of building part (m2) 

Ψtb 
Heat loss coefficient for thermal 
bridges (W/mK) 

ltb Length of thermal bridges (m) 

Χj 
Point shaped thermal bridge 
coefficient (W/K) 

 
The energy loss due to transmission QT (kWh/year) can be 

calculated as in eq. (6). 
 

 
𝑄! = 𝑈! ∗ 𝐴!"#$%&'$ ∗

𝐷𝑒𝑔𝑟𝑒𝑒  ℎ𝑜𝑢𝑟𝑠
1000  (6)  

 

2.2.2.2.1 Walls and roof 
The U-value for floors and roofs with homogenous material layers can 
be calculated according to eqn. (7). 

 
 

𝑈 =
1

𝑅!" + 𝑅! +⋯+ 𝑅! + 𝑅!"
 (7)  

 
If the wall or roof consists of non-homogenous layers, the average 

thermal resistance using the U-value method and the λ-value method 
should be used, eqn. (8), (Petersson, 2010). 

 
 

𝑈 =
1

0,5 𝑅! + 𝑅!
 (8)  

 

RU 
Thermal resistance calculated 
with U-value method (m2K/W) 

Rλ 
Thermal resistance calculated 
with λ-method (m2K/W) 
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2.2.2.2.2 Foundation 
Two types of foundations commonly exist in single-family houses in 
Sweden, slab on ground and suspended floor foundations. To allow 
for the three-dimensional heat flow within the ground a characteristic 
dimension B’, eqn. (9), of the floor and a thermal equivalent thickness 
dt eqn. (10) for the ground is used to calculate the U-value of the 
foundation (ISO 13370:2007, 2008). 

 
 

𝐵! =
𝐴

0,5𝑃 (9)  

 
B’ Characteristic dimension (m) 
A Floor area (m2) 
P Perimeter (m) 

 
Slab on ground 

 

 
Figure 6 Slab on ground 

 
 

𝑑! = 𝑤 + 𝜆(𝑅!" + 𝑅! + 𝑅!") (10)  
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dt 
Thermal equivalent thickness of 
ground (m) 

w Total wall thickness (m) 

λ Thermal conductivity of unfrozen 
ground (W/mK) 

Rf 

Thermal resistance of concrete 
slab including insulation above, 
below and any floor covering 
(m2K/W) 

 
If dt < B’ (uninsulated and modestly insulated floors) 
 

 
𝑈 =

2𝜆
𝜋𝐵! + 𝑑!

ln
𝜋𝐵!

𝑑!
+ 1  (11)  

 
If dt ≥ B’ (well-insulated floors) 
 

 
𝑈 =

2𝜆
𝜋𝐵! + 𝑑!

ln
𝜋𝐵!

𝑑!
+ 1  (12)  

 
Suspended floor foundation 
 

 
 

Figure 7 Suspended floor foundation 

Uf 

Ux Ug 

h 
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 1
𝑈 =

1
𝑈!
+

1
𝑈! + 𝑈!

 (13)  

 

Uf 
Thermal transmittance of 
suspended part of floor (W/m2K) 

Ug 

Thermal transmittance for heat 
flow through the ground 
(W/m2K) 

Ux 
 

Equivalent thermal transmittance 
between the underfloor space and 
the outside accounting for heat 
flow through the walls of the 
underfloor space and by 
ventilation of the underfloor 
space (W/m2K) 

 
 

𝑑! = 𝑤 + 𝜆(𝑅!" + 𝑅! + 𝑅!") (14)  

 
 

𝑈! =
2𝜆

𝜋𝐵! + 𝑑!
ln

𝜋𝐵!

𝑑!
+ 1  (15)  

 

dg 
Thermal equivalent thickness of 
ground (m) 

w Total wall thickness (m) 

λ Thermal conductivity of unfrozen 
ground (W/mK) 

Rf 
Thermal resistance of suspended 
part of floor (m2K/W) 

Rsi Thermal resistance of incoming 
surface (m2K/W) 

Rse 
Thermal resistance of outgoing 
surface (m2K/W) 

 
 

𝑈! = 2 ∗
ℎ𝑈!
𝐵! + 1450 ∗

ℇ𝜈𝑓!
𝐵!  (16)  
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h 
Height of the upper surface of the 
floor above external ground level 
(m) 

Uw 
The thermal transmittance of 
walls of underfloor space above 
ground level (W/m2K) 

ε 
Area of ventilation openings per 
perimeter length of underfloor 
space (m2/m) 

υ Average wind speed at 10m 
height (m/s) 

fw Wind shield factor (Suburban 
0.05) (ISO 13370:2007, 2008) 

 

2.2.2.3 Sewage and grey water 
The sewage and grey water are energy losses leaving the house 
through the sewage system, such as shower/bath water, drains at water 
taps and toilet water. This parameter is closely linked to the hot water 
production. Hot water seldom stays very long inside the building and 
approximately 20% of the hot water contributes to the space heating 
(Petersson, 2010).  

 

2.2.3 Heat recovery ventilation 
When heat recovery ventilation (HRV) is installed an efficiency term 
is added to eqn. (3) resulting in eqn. (17) 

 
 

𝑄! =
𝑉𝑒𝑛𝑡
1000 ∗ 𝐴!"##$ ∗ 𝑐𝜌!"# ∗

𝐷𝑒𝑔𝑟𝑒𝑒  ℎ𝑜𝑢𝑟𝑠
1000 ∗ 1 − 𝜂  (17)  

 

η Efficiency of heat recovery 
ventilation 

 
Heat recovery systems use an additional amount of electricity to 

recycle the heat gains in a building. This is commonly done through 
the ventilation system since all the heat gains heat the inside air and if 
that heat then can be retained the need to buy more heating through 
the conventional heating system is reduced.  
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2.3 Energy signature 
The basic energy signature eqn. (18), (Hammarsten, 1987) can be 
used to determine the heat loss factor (K) for individual buildings. 

 
 

𝑃 = 𝑃! + 𝐾 𝑇! − 𝑇!  (18)  

 
P Power use (W) 
P0 Constant power loss or gain (W) 
K Heat loss factor (W/K) 
Ti Indoor temperature (oC) 
Te Outdoor temperature (oC) 

 
By plotting the power observations versus the temperature 

difference between indoors and outdoors, the result is expected to be 
as Figure 8. The horizontal line P0 is the power usage for appliances 
and other non-temperature dependent power sources. When the 
temperature difference between the desired indoor temperature and 
the outdoor temperature is zero no heating is needed. The more the 
temperature difference increases the more power for heating is 
needed. The line Kout in Figure 8 represent this. When the line is 
dashed the heating need is cowered by P0, including overheating. 
When P0 no longer is enough to heat the building the heating system 
starts. Kout represents the heat loss of the building where the main part 
is accounted for by the heating system. Other heat sources can be 
involved such as solar irradiation or a fire stove in the building. The 
line Kin is the power used by the heating system and in the ideal 
example Kin is equal to Kout meaning that all heating needed in the 
building is supplied by the heating system. This does not necessarily 
have to be true in a real building where solar irradiation, users and 
user related activities could have an affect. 
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Figure 8 Kout versus Kin  

 
Sjögren (2007) has shown that the heat loss factor is fairly 

insensitive towards hot water usage, indoor temperature and 
household electricity. This means that the heat loss factor is fairly 
independent of user related parameters and the assumption of Kin 
being equal to Kout is realistic.  

When comparing buildings relative to each other, building 
physical parameters are of interest. In order to know if a building is 
behaving as expected it is important to compare the buildings real 
energy use to the theoretically calculated energy use. This is normally 
done with energy balance calculations and simulations that are highly 
dependent on user behaviour. It would be possible to circumvent the 
user behaviour by using the heat loss factor as a base for judging 
energy performance.  

 
 

 

P(W) 

ΔT(oC) 

P0(W) 

Kin 

Kout 
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3 RESEARCH FOCUS 
Earlier studies of building energy efficiency measures have mostly 
been focused on multifamily buildings. One reason for this is that a 
large focus has been on improving multifamily buildings, both 
renovation and construction (Bagge, 2007; Nilsson, 2003; Sjögren, 
2007). It is therefore of interest to evaluate and compare the energy 
performance in new and old single-family houses. In addition there 
has been an interest for simple but efficient ways to evaluate the 
building performance in the built environment.  
  

3.1 Research questions 
In order to understand more about energy performance of single-
family buildings the following research questions have been 
investigated: 
 

1. Are single-variate steady state methods suitable for 
investigating energy performance for old and new inhabited 
single-family buildings in cold climate? 

2. What is the influence of physical building characteristics on 
the energy signature method and the heat loss factor? 
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4 METHOD 
A data-driven approach has been used to determine the heat-loss 
factor in single-family buildings. An empirical method has been 
implemented to construct a steady-state model, where the data 
collected has been statistically analysed using a single-variate method. 
A single-variate steady-state method was used based on the 
parameters collected considering the fact that the investigated 
buildings are all single-family houses and the energy gains from solar 
irradiation during the measurement period is assumed to be very low 
hence negligible. As a result the solar irradiation parameter has not 
been used as an input parameter to the model in eq.(18). Further a 
multivariate analysis has been performed in order to correlate and 
identify the relationship between physical building parameters and 
how they influence the heat loss factor. 

The ranked physical building parameters with regards to their 
effect on the heat loss factor can be used as a priority guideline for 
new house construction and retrofit alike. The resulting model can be 
used to predict the expected building heat-loss given different physical 
characteristics.  

4.1 Theoretical heat loss 
A theoretical heat loss is calculated for each observed house based on 
the transmission losses according to section 2.2.2.2. Drawings of the 
buildings are used to gather required physical building parameters to 
calculate the transmission losses. The appendix contains used 
parameters and drawings for each observed house.  

4.2 Energy signature 
The energy signature method is used to estimate observed buildings 
real heat loss based on measured bought energy (district heating and 
electricity). A regression analysis is performed on the observations 
during the cold period November – February for each house and the 
heat loss is then determined as described in section 2.3.  

4.3 Studied buildings 
Single-family houses with district heating as th main heat source were 
actively selected. All selected houses have a timber frame structure 
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and are either 1, 1.5 or 2 stories high. The selection includes houses 
constructed during different time periods. The newer houses are 
equipped with heat recover ventilation systems. Compiled information 
of the selected houses is found in Tables 1 and 2.  

 
Table 1 Volume, floor area and envelope area of observed houses. 

House Volume 
(m3) 

Floor area 
(m2) 

Envelope 
area (m2) 

1967 282 117 339 
1983 411 179 440 
1987 443 192 425 
2000 459 200 481 
2006a 393 164 484 
2006b 510 212 552 
2007 485 206 470 
2011a 498 219 552 
2011b 379 217 482 
2011c 657 229 587 
2012 510 226 626 
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Table 2 Ventilation type, foundation and fireplace in observed houses. 

House Ventilation 
type 

Foundation 
type Fire place 

  Natural/HRV Slab/Suspended Yes/No 
1967 Nat Slab No 
1983 Nat Suspended Yes 
1987 Nat Suspended No 
2000 Nat Suspended No 
2006a Nat Suspended No 
2006b Nat Slab No 
2007 HRV Slab No 
2011a HRV Slab No 
2011b HRV Slab No 
2011c HRV Slab No 
2012 HRV Slab Yes 

 

4.4 Measurement equipment 
In order to measure the energy usage in the observed houses the Saber 
system was chosen  (Yliniemi, 2007). This system reads the existing 
district heating meter via an IR-port. Via a pulse indicator on the 
electricity billing meter the total electricity used in each house is 
obtained. By gathering data this way a simple installation is possible 
that does not require any special expertise other than an introduction 
on how to install the sensors. To complement these readings, the 
temperatures indoors and outdoors were also measured using sensors 
that were connected to the Saber unit via a cable. The sensors were 
factory calibrated to read temperatures of -40ºC to +80ºC with an 
accuracy of ±0.1ºC. Indoor sensors were placed in a bedroom, hallway 
or living room away from heat sources and not in direct sunlight. 
Outside sensors were placed on the building façades in locations that 
would minimize the level of incident sunlight. This data vas sampled 
with a frequency of 1 Hz and stored on a server connected to the Saber 
units via the Internet. The Saber base station is pre-programmed to 
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separate total power use by the district heating into heating and hot 
water. This separation is subject to an error of up to 10% (Yliniemi, 
2007; 2009). 

 

4.4.1 Data collection 
Observations were made for the two periods November - February 

2011-2012 and 2012-2013 if nothing else is stated. Each observation 
is a daily average of power used and temperature. To determine the 
building’s energy signature the energy supply to the building is 
analysed.  

The main source for heating gains is the district heating (PD). This 
is measured and sampled with a frequency of 1 Hz. Some buildings 
are also equipped with a fireplace for comfort heating. No 
measurements on the fireplaces are made in this study. 

Hot water is produced (PDHW) with district heating and is measured   
simultaneously as space heating (PDH). The Saber unit later separates 
heating and hot water from each other.  

Total electricity usage (PE) is measured and no distinction of 
household and operational electricity is made. Since all houses are 
heated with district heating no electricity is used to actively heat the 
house. Thus the large majority of the electricity is used as household 
electricity. 

Indoor (TI) and outdoor (TE) temperatures are also recorded. No 
occupancy levels are investigated in this study meaning that heat gains 
from people are disregarded 

By conducting the study during the winter season, the solar heat 
gains can be neglected due to the very few sun hours in northern 
Sweden. 
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5 RESULTS AND ANALYSIS 

5.1 Theoretical heat loss of observed houses 
Table 3 shows the theoretical heat loss for each building part of the 

building envelope and a total heat loss for the building based on 
calculations in section 2.2.2.2. 

 
Table 3 Theoretically calculated heat loss for each building part 

House 
Wall 

(W/K) 
Roof 

(W/K) 
Foundation 

(W/K) 

Windows, 
Doors 
(W/K)  

Thermal 
bridges 
(W/K) 

Theoretical 
Heat loss 

(W/K) 
1967 42 28 38 44 34 186 
1983 30 21 19 39 50 159 
1987 30 17 18 41 61 167 
2000 32 23 20 47 67 189 
2006a 27 15 24 26 48 140 
2006b 44 15 17 47 70 193 
2007 38 14 18 36 51 157 
2011a 24 15 14 41 43 137 
2011b 20 21 11 34 37 123 
2011c 28 14 12 63 64 181 
2012 22 16 23 58 68 187 
 

5.2 Energy signature for observed houses 

5.2.1 House 1967 
Observations for the house built in 1967 are presented in Appendix 
1967. House 1967 is a timber frame construction with a brick façade 
built on a concrete slab foundation. It is a naturally ventilated house 
with a mechanical kitchen fan for cooking. The heating system uses 
water as the heat carrier in radiators placed under windows. There are 
two adults and two teenagers in residence. The house is situated in the 
city of Luleå, Sweden. 
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Figure 9 shows that the heating depends on the outdoor 
temperature. The linear regression line has an R2 of 0.96 indicating a 
good model fit. The standard error of the estimate (SEE) is 214, 
(deviation from the regression line).  

Figure 10 shows the power used to produce hot water in the house. 
The linear regression shows no dependency on the outdoor 
temperature and the power used for hot water production is constant 
with an SEE of 134.  

Figure 11 shows the effect used for household electricity in the 
house. The linear regression shows low dependency on the outdoor 
temperature and the electricity usage is close to constant with an SEE 
of 189.  

 
Figures 9, 10, and 11 show that heating has a clear relationship 

with outdoor temperature while the user related parameters (hot water 
and electricity) do not affect the heat loss factor.  

 

 
Figure 9 1967 Observation of heating during the cold season Nov-Feb 
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Figure 10 1967 Observation of hot water during the cold season Nov-Feb 

 
Figure 11 1967 Observation of electricity during the cold season Nov-Feb 
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Figure 12 1967 Observation of total district heating during the cold season Nov-
Feb  

Figure 12 shows the total district heating used (heating plus hot 
water) versus the temperature difference. Electricity shows no 
dependency on the outdoor temperature and is excluded. The hot 
water is included not to be subjected to the error based on separation 
of space heating and hot water. The slope of the regression is the heat 
loss factor of the building in accordance with eq. (18). The linear 
regression has a high R2 of 0.94 indicating a good model fit. The SEE 
is 279.  

 

5.2.2 House 1983 
Observations for the house built in 1983 are presented in Appendix 
1983. House 1983 is a timber frame construction with a wooden 
façade built on a suspended foundation. It is a naturally ventilated 
house with a mechanical kitchen fan for cooking. The heating system 
uses water as the heat carrier in radiators placed under windows. 
There is also a fire stove for comfort. There are two adults in 
residence. The house is situated in the city of Luleå, Sweden. 



Result 29 

 

Figure 13 shows that the heating depends on the outdoor 
temperature. The linear regression line has an R2 of 0.98 indicating a 
good model fit. The standard error of the estimate (SEE) is 134, 
(deviation from the regression line).  

Figure 14 shows the power used to produce hot water in the house. 
The linear regression shows no dependency on outdoor temperature 
and the power used for hot water production is constant with an SEE 
of 40.  

Figure 15 shows the effect used by household electricity in the 
house. The linear regression shows little dependency on the outdoor 
temperature and the electricity usage is close to constant with an SEE 
of 243.  

 
Figures 13, 14, and 15 show that heating has a clear relationship with 
outdoor temperature while the user related parameters (hot water and 
electricity) do not affect the heat loss factor. 

 

 
Figure 13 1983 Observation of heating during the cold season Nov-Feb 
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Figure 14 1983 Observation of hot water during the cold season Nov-Feb 

 

 
Figure 15 1983 Observation of electricity during the cold season Nov-Feb 
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Figure 16 1983 Observation of total district heating during the cold season Nov-
Feb 

 
Figure 16 shows the total district heating used (heating plus hot 

water) versus the temperature difference. Electricity shows no 
dependency on the outdoor temperature and is excluded, the hot water 
is included not to be subjected to the error based on separation of 
space heating and hot water. The slope of the regression is the heat 
loss factor of the building in accordance with eq. (18). The linear 
regression has a high R2 of 0.97 indicating a good model fit. The SEE 
is 134.  

5.2.3 House 1987 
Observations for the house built in 1987 are presented in Appendix 
1987. House 1987 is a timber frame construction with a wooden 
façade built on a suspended foundation. This house has a combination 
of sources for heating. The main heating system uses air as the heat 
carrier. Air has the inlet in the living room, is then heated via district 
heating and sent out in the house. The second system is installed in the 
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kitchen fan unit. The kitchen fan unit functions both as an exhaust for 
air from cooking and as fresh intake of air for the house. The fresh air 
is heated with an electrical heater when the temperature is below -17 
oC. There are two adults and two children in residence. The house is 
situated in the city of Luleå, Sweden. 

Figure 17 shows that the heating depends on the outdoor 
temperature. The linear regression line has an R2 of 0.86. The standard 
error of the estimate (SEE) is 386, (deviation from the regression 
line).  

Figure 18 shows the power used to produce hot water in the house. 
The linear regression shows no dependency on the outdoor 
temperature and the power used for hot water production is constant 
with an SEE of 308.  

Figure 19 shows the effect used by household electricity in the 
house. The linear regression shows a dependency on the outdoor 
temperature and the electricity usage has an R2 of 0.22 with an SEE of 
583.  

 

 
Figure 17 1987 Observation of heating during the cold season Nov-Feb 

 



Result 33 

 

 
Figure 18 1987 Observation of hot water during the cold season Nov-Feb 

 
Figure 19 1987 Observation of electricity during the cold season Nov-Feb 
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Figure 20 1987 Observation of total district heating during the cold season Nov-
Feb 

 
Figure 20 shows the total district heating used (heating plus hot 

water) versus the temperature difference. The linear regression has an 
R2 of 0.86 and an SEE is 510.  

Figure 21 shows total district heating plus electricity. Electricity 
depends on the outdoor temperature and is included. The hot water is 
included not to be subjected to the error based on separation of space 
heating and hot water. The slope of the regression is the heat loss 
factor of the building in accordance with eq. (18). R2 = 0.74 and SEE 
= 778. 
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Figure 21 1987 Observation of total district heating plus electricity during the cold 
season Nov-Feb 

5.2.4 House 2000 
Observations for the house built in 2000 are presented in Appendix 
2000. House 2000 is a timber frame construction with a wooden 
façade built on a suspended foundation. It is a naturally ventilated 
house with a mechanical kitchen fan for cooking. The heating system 
uses water as the heat carrier in radiators placed under windows. 
There are two adults and two children in residence. The house is 
situated in the city of Luleå, Sweden. 

Figure 22 shows that the heating depends on the outdoor 
temperature. The linear regression line has an R2 of 0.98 indicating a 
good model fit. The standard error of the estimate (SEE) is 141. 

Figure 23 shows the power used to produce hot water in the house. 
The linear regression shows no dependency on the outdoor 
temperature and the power used for hot water production is constant 
with an SEE of 91.  

Figure 24 shows the effect used by household electricity in the 
house. The linear regression shows low dependency on the outdoor 
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temperature and the electricity. R2 = 0.08, usage is close to constant 
with an SEE of 269.  

 
Figures 22, 23, and 24 show that heating has a clear relationship with 
outdoor temperature while the user related parameters (hot water and 
electricity) do not affect the heat loss factor. 
 

 
Figure 22 2000 Observation of heating during the cold season Nov-Feb 
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Figure 23 2000 Observation of hot water during the cold season Nov-Feb 

 

 
Figure 24 2000 Observation of electricity during the cold season Nov-Feb 
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Figure 25 2000 Observation of total district heating during the cold season Nov-
Feb 

 
Figure 25 shows the total district heating used (heating plus hot 

water) versus the temperature difference. Electricity show no 
dependency on the outdoor temperature and is excluded. The hot 
water is included not to be subjected to the error based on separation 
of space heating and hot water. The slope of the regression is the heat 
loss factor of the building in accordance with eq. (18). The linear 
regression has an R2 of 0.97 indicating a good model fit. The SEE is 
190. 

5.2.5 House 2006a 
Observations for one of the houses built in 2006 are presented in 
Appendix 2006a. House 2006a is a timber frame construction with a 
wooden façade built on a suspended foundation. It is a naturally 
ventilated house with a mechanical kitchen fan for cooking. The 
heating system uses water as the heat carrier in radiators placed under 
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windows. There are two adults and one child in residence. The house 
is situated in the city of Luleå, Sweden. 

Figure 26 shows that the heating depends on the outdoor 
temperature. The linear regression line has an R2 of 0.93 indicating a 
good model fit. The standard error of the estimate (SEE) is 242, 
(deviation from the regression line).  

Figure 27 shows the power used to produce hot water in the house. 
The linear regression shows no dependency on outdoor temperature 
and the power used for hot water production is constant with an SEE 
of 139.  

Figure 28 shows the effect used by household electricity in the 
house. The linear regression shows little dependency on the outdoor 
temperature and the electricity usage. R2 = 0.06, close to constant with 
an SEE of 346.  

 
Figures 26, 27, and 28 show that heating has a relationship with the 
outdoor temperature while the user related parameters (hot water and 
electricity) do not affect the heat loss factor. 
 

 
Figure 26 2006a Observation of heating during the cold season Nov-Feb 
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Figure 27 2006a Observation of hot water during the cold season Nov-Feb 

 

 
Figure 28 2006a Observation of electricity during the cold season Nov-Feb 
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Figure 29 2006a Observation of total district heating during the cold season Nov-
Feb 

 
Figure 29 shows the total district heating used (heating plus hot 

water) versus the temperature difference. Electricity show no 
dependency on the outdoor temperature and is excluded. The hot 
water is included to not be subjected to the error based on separation 
of space heating and hot water. The slope of the regression is the heat 
loss factor of the building in accordance with eq. (18). The linear 
regression has an R2 of 0.92 indicating a good model fit. The SEE is 
247 

5.2.6 House 2006b 
Observations for the other house built in 2006 are presented in 
Appendix 2006b. House 2006b is a timber frame construction with a 
wooden façade built on a slab foundation. It is a naturally ventilated 
house with a mechanical kitchen fan for cooking. The heating system 
uses water as the heat carrier in a floor heating system. There are two 
adults and two children in residence. The house is situated in the city 
of Luleå, Sweden. 
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Figure 30 shows that the heating depends on the outdoor 
temperature. The linear regression line has an R2 of 0.85 indicating a 
good model fit. The standard error of the estimate (SEE) is 535, 
(deviation from the regression line).  

Figure 31 shows the power used to produce hot water in the house. 
The linear regression shows no dependency on outdoor temperature 
and the power used for hot water production is constant with na SEE 
of 240.  

Figure 32 shows the effect used by household electricity in the 
house. The linear regression shows no dependency on the outdoor 
temperature and the electricity usage, R2 of 0.13, is close to constant 
with an SEE of 162.  

 
Figures 30, 31 and 32 show that heating has a relationship with 
outdoor temperature while the user related parameters (hot water and 
electricity) do not affect the heat loss factor. 

 

 
Figure 30 2006b Observation of heating during the cold season Nov-Feb 
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Figure 31 2006b Observation of hot water during the cold season Nov-Feb 

 

 
Figure 32 2006b Observation of electricity during the cold season Nov-Feb 
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Figure 33 2006b Observation of total district heating during the cold season Nov-
Feb 

Figure 33 shows the total district heating used (heating plus hot 
water) versus the temperature difference. Electricity show no 
dependency on the outdoor temperature and is excluded. The hot 
water is included not to be subjected to the error based on separation 
of space heating and hot water. The slope of the regression is the heat 
loss factor of the building in accordance with eq. (18). The linear 
regression has a high R2 of 0.88 indicating a good model fit. The SEE 
is 477. 

5.2.7 House 2007 
Observations for the house built in 2007 are presented in Appendix 
2007. House 2007 is a timber frame construction with a wooden 
façade built on a slab foundation. It has a heat recovery ventilation 
system (HRV), Systemair VM2. The heating system uses water as the 
heat carrier in a floor heating system. There are two adults and four 
children in residence. The house is situated in the city of Luleå, 
Sweden. 



Result 45 

 

Figure 34 shows that the heating depends on the outdoor 
temperature. The linear regression line has an R2 of 0.84 indicating a 
good model fit. The standard error of the estimate (SEE) is 575. 

Figure 35 shows the power used to produce hot water in the house. 
The linear regression shows a slight dependency on the outdoor 
temperature, the R2 is 0.23 and SEE = 354.  

Figure 36 shows the effect used by household electricity in the 
house. The linear regression shows no dependency on the outdoor 
temperature and the electricity usage is constant with an SEE of 242. 

 

 
Figure 34 2007 Observation of heating during the cold season Nov-Feb 
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Figure 35 2007 Observation of hot water during the cold season Nov-Feb 

 

 
Figure 36 2007 Observation of electricity during the cold season Nov-Feb 
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Figure 37 2007 Observation of total district heating during the cold season Nov-
Feb 

 
Figure 37 shows the total district heating used (heating plus hot 

water) versus the temperature difference. Electricity shows no 
dependency on the outdoor temperature and is excluded. The hot 
water is included not to be subjected to the error based on separation 
of space heating and hot water. The slope of the regression is the heat 
loss factor of the building in accordance with eq. (18). The linear 
regression has an R2 of 0.89. The SEE is 526. Note that the indoor 
temperature is set to 21 0C due to bad placement of the indoor 
temperature sensor. It was affected by cold draft from a window, see 
appendix for observed indoor temperature. 

5.2.8 House 2011a 
Observations for one of the houses built in 2011 are presented in 
Appendix 2011a. House 2011a is a timber frame construction with a 
wooden façade built on a slab foundation. It has a heat recovery 
ventilation system (HRV), Systemair VR 400 DC. The heating system 
uses water as the heat carrier in a floor heating system. There are two 
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adults and two children in residence. The house is situated in the city 
of Luleå, Sweden. 

Figure 38 shows the power used for heating. There seems to be no 
dependency on the outdoor temperature. The standard error of the 
estimate (SEE) is 767. 

Figure 39 shows the power used to produce hot water in the house. 
The linear regression shows a dependency on the outdoor temperature, 
R2 = 0.23 and SEE = 687.  
Figure 40 shows the effect used by household electricity in the house. 
The linear regression shows a slight dependency on the outdoor 
temperature with an R2 of 0.59 and an SEE of 201. 

Figure 41 shows the total district heating used (heating plus hot 
water) versus the temperature difference. The linear regression has an 
R2 of 0.77. The SEE is 565. 

 

 
Figure 38 2011a Observation of heating during the cold season Nov-Feb 
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Figure 39 2011a Observation of hot water during the cold season Nov-Feb 

 

 
Figure 40 2011a Observation of electricity during the cold season Nov-Feb 
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Figure 41 2011a Observation of total district heating during the cold season Nov-
Feb 

 
Figure 41 indicates that the observations in Figure 38 and 39 show 
incorrect daily averages. A possible reason is that the Saber unit have 
difficulties distinguishing between what is power used for heating and 
what is power used for hot water production. This in turn indicates 
that the district heating system switches between on and off on short 
intervals. 

Figure 42 shows the power used by the total district heating plus 
the electricity. Electricity shows dependency on the outdoor 
temperature and is included. The hot water is included not to be 
subjected to the error based on separation of space heating and hot 
water. The slope of the regression is the heat loss factor of the 
building in accordance with eq. (18). The R2 value is 0.85 and SEE = 
524. 
 



Result 51 

 

 
Figure 42 2011a Observation of total district heating plus electricity during the 
cold season Nov-Feb 

 

5.2.9 House 2011b 
Observations for the second house built in 2011 are presented in 
Appendix 2011b. House 2011b is a timber frame construction with a 
wooden façade built on a slab foundation. It has a heat recovery 
ventilation system (HRV), Systemair VR 400 DC. The heating system 
uses water as the heat carrier in a floor heating system. There are two 
adults and two children in residence. The house is situated in the city 
of Luleå, Sweden. There are no observations of household electricity 
from this house. 

Figure 43 shows the power used for heating, where a dependency 
on the outdoor temperature can be seen. R2 is 0.89 indicating a good 
model fit. The standard error of the estimate (SEE) is 362. 

Figure 44 shows the power used to produce hot water in the house. 
The linear regression shows no dependency on the outdoor 
temperature and an SEE of 41.  
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Figure 45 shows the total district heating used (heating plus hot 
water) versus the temperature difference. The hot water is included to 
not be subjected to the error based on separation of space heating and 
hot water. The slope of the regression is the heat loss factor of the 
building in accordance with eq. (18).  The linear regression has an R2 
of 0.88. The SEE is 394. 
 

 
Figure 43 2011b Observation of heating during the cold season Nov-Feb 
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Figure 44 2011b Observation of hot water during the cold season Nov-Feb 

 
Figure 45 2011b Observation of total district heating during the cold season Nov-
Feb 
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5.2.10 House 2011c 
Observations for the third house built in 2011 are presented in 
Appendix 2011c. House 2011c is a timber frame construction with a 
wooden façade built on a slab foundation. It has a heat recovery 
ventilation system (HRV), Systemair VR 400 DC. The heating system 
uses water as the heat carrier in floor a heating system. There are two 
adults and two children in residence. The house is situated in the city 
of Luleå, Sweden. 

Figure 46 shows the power used for heating, a slight dependency 
on the outdoor temperature can be seen, R2  = 0.19. The standard error 
of the estimate (SEE) is 1190, (deviation from the regression line).  

Figure 47 shows the power used to produce hot water in the house. 
The linear regression shows a dependency on the outdoor temperature. 
R2 = 0.25 and SEE = 1190.  

Figure 48 shows the effect used by household electricity in the 
house. The linear regression shows a slight dependency on the outdoor 
temperature with an R2 of 0.20 and an SEE of 444. 

Figure 49 shows the total district heating used (heating plus hot 
water) versus the temperature difference. The linear regression has a 
R2 of 0.73 and SEE is 748. 

Figure 49 indicates that the observations in figures 46 and 47 show 
incorrect daily averages. A possible reason is that the Saber unit has 
difficulties distinguishing between power used for heating and power 
used for hot water production. This in turn indicates that the district 
heating system switches between on and off on short intervals. 

Figure 50 shows the power used by the total district heating plus 
electricity. The R2 value is 0.85 and the SEE = 627. 
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Figure 46 2011c Observation of heating during the cold season Nov-Feb 

 

 
Figure 47 2011c Observation of hot water during the cold season Nov-Feb 
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Figure 48 2011c Observation of electricity during the cold season Nov-Feb 
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Figure 49 2011c Observation of total district heating during the cold season Nov-
Feb 
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Figure 50 2011c Observation of total district heating plus electricity during the 
cold season Nov-Feb 

5.2.11 House 2012 
Observations for the house built in 2012 are presented in Appendix 
2012. House 2012 is a timber frame construction with a wooden 
façade built on a slab foundation. It has a heat recovery ventilation 
system (HRV), Heru 90 T EC. The heating system uses water as the 
heat carrier in a floor heating system. There are two adults and two 
children in residence. The house is situated in the city of Luleå, 
Sweden. 

Figure 51 shows the power used for heating. A dependency on the 
outdoor temperature can be seen, R2 = 0.35. The standard error of the 
estimate (SEE) is 628. 

Figure 52 shows the power used to produce hot water in the house. 
The linear regression shows a dependency on the outdoor temperature. 
R2 = 0.17 and SEE = 790.  

Figure 53 shows the effect used by household electricity in the 
house. The linear regression shows a slight dependency on the outdoor 
temperature with an R2 of 0.07 and SEE = 280. 
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Figure 54 shows the total district heating used (heating plus hot 
water) versus the temperature difference. The linear regression has an 
R2 of 0.41, the SEE is 906. 

Figure 54 indicates that the observations in figures 51 and 52 show 
incorrect daily averages. A possible reason is that the Saber unit has 
difficulties distinguishing between power used for heating and power 
used for hot water production. This in turn indicates that the district 
heating system switches between on and off on short intervals. Still 
figure 55 displays a lower R2 than e.g. House 2011a and 2011c 
indicating that something is further influencing the observations. 

Figure 55 shows the power used by total district heating plus 
electricity. The R2 value is 0.52 and SEE = 803. 
 

 
Figure 51 2012 Observation of heating during the cold season Nov-Feb 
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Figure 52 2012 Observation of hot water during the cold season Nov-Feb 

 
Figure 53 2012 Observation of electricity during the cold season Nov-Feb 
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Figure 54 2012 Observation of total district heating during the cold season Nov-
Feb 

 
Figure 55 2012 Observation of total district heating plus electricity during the cold 
season Nov-Feb 
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6  COMPARISON OF HOUSES 
The results from 5.2.1 to 5.2.11 are compiled in Table 4. The houses 
can be split into three groups: 

Group 1 consists of houses 1967, 1983, 2000, and 2006a. They all 
have an R2 > 0.90 for district heating power (PD). They have radiators 
under the windows and the power for electricity and hot water usage 
have none or very slight dependency on the outdoor temperature. One 
house has a slab on ground foundation while the other three have a 
suspended floor foundation.  

Group 2 consists of houses 2006b and 2011b, which have an R2 of 
0.88 for district heating power (PD). Both have a slab on ground 
foundation with floor heating. 2011b have heat recovery ventilation 
while 2006b does not. The power used for hot water production has 
none or slight dependencies on the outdoor temperature. No electricity 
observations were made for 2011b while the electricity power for 
2006b shows no dependency on the outdoor temperature. 

Group 3 consists of houses 1987, 2007, 2011a, 2011c, and 2012. 
They have an R2 = 0.85-0.52 for district heating power (PD). 1987 has 
a suspended floor foundation and heating with air as the heat carrier 
while the others have a slab on ground foundation, floor heating and 
heat recovery ventilation. These houses (except for 2007) show a 
dependency between electricity and the outdoor temperature 
indicating that electricity is actively used to heat some part of the 
house. Common for Group 3 (except 1987) is that the separation of 
hot water and heating from total district heating done by the Saber unit 
does not appear to function. The hot water usage shows a dependency 
on the outdoor temperature, which is not realistic. More realistic is 
that the district-heating unit behaves in a manner that makes it 
difficult for the Saber unit to make an accurate separation. With ΔT PD 
shows lower and in some cases distinctively lower R2 values than the 
other observed houses. When the electricity power is added to the 
district heating power, the R2 values increase slightly and the standard 
deviation around the estimate decreases.  
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Tabell 1 
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6.1 Group 1 
Group 1 is characterised by electricity usage that is not dependent 

on the outdoor temperature where the electricity have SEE values of 
189 to 346. Further separation of hot water and heating from total 
district heating shows that hot water is not dependent on the outdoor 
temperature with SEE values of 40 to 139. The heating has a clear 
dependency on the outdoor temperature. The house built 1967 shows 
the behaviour that defines this group. 

 

6.2 Group 2 
Group 2 shows the same characteristics as group 1 with electricity 

usage. There is no dependency on the outdoor temperature and the 
SEE is similar, 2006b:s SEE = 162 (2011b does not have any 
electricity observations). 

The separation of hot water and heating from total district heating 
show that hot water has no or very slight dependency on the outdoor 
temperature with SEE values of 41 and 240 respectively. What mainly 
separates group 2 from group 1 is the lower R2 - values for total 
district heating (< 0.90). The main physical differences between the 
houses is the use of floor heating and in the case of 2011b the use of 
heat recovery ventilation. The thermal mass of buildings and what that 
means for the time scale used to analyse the observations is discussed 
by both Hammarsten (1984) and Westergren (1999). Hammarsten 
recommends the use of daily averages, while Westergren recommends 
weekly averages. The thermal mass of buildings in group 2 affected 
by the heating system is higher due to the floor heating system in the 
concrete slab. To test if the model fit can be improved different time 
scales were tested, Table 5. It can be seen that the model fit for weekly 
averages is better than for daily. Close to the same model fit can be 
achieved by averages based on a three day period. It can also be seen 
that the SEE is greatly reduced for the longer time scale options. 
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Table 5 Model fit and SEE for daily, three day and weekly averages. 

House  Daily 3-Day Weekly 

2006b R2 0.88 0.95 0.94 
SEE 477 278 288 

2011b R2 0.88 0.94 0.96 
SEE 394 260 182 

 

6.3 Group 3 
Group 3 consists of houses with one or both of the following 

issues: electricity depends on the outdoor temperature or a large SEE. 
SEE values range from 201 to 583. Separation of hot water and 
heating from total district heating does not function.  

Table 6 shows how the slope and Y-axis intersect point change in 
the PD + PE versus ΔT graphs with varied electricity gains.  

 
Table 6 Changes to the regression with varied percentage of electricity 
contributing to heating 

Percentage 
of 

electricity  1987 2011a 2011c 2012 

100% K 191 175 183 129 
Intersect -523 87 -895 120 

90% K 186 172 179 128 
Intersect -547 75 -927 52 

80% K 182 168 179 126 
Intersect -571 63 -960 -15 

70% K 177 165 173 125 
Intersect -595 51 -992 -82 

60% K 173 162 170 124 
Intersect -619 39 -1024 -150 

 
House 2007 does not show any electricity dependence on the 

outdoor temperature and is not included in Table 6. House 2012 does 
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not show electricity as dependent on the outdoor temperature but as 
compared to house 2007 adding the electricity to the total district 
heating improves the model fit and lowers the SEE and thus it is 
included in Table 6. 

The separation of hot water and heating from total district heating 
is indicating that the district heating and floor heating system operates 
on a low power - high power within short time intervals making it 
difficult for the Saber unit to distinguish hot tap water from heating. 
But even the total district heating power shows low and in some cases 
significantly lower R2 values compared to houses in group 1 and 
group 2. Parts might be explained by thermal mass of the concrete 
slab. In Table 7 averages based on three day and a weekly intervals 
are shown.  

 
Table 7 Model fit and SEE for daily, three day and weekly averages with and 
without the addition of electricity. 

House  Daily  
PD 

3-Day 
PD 

Weekly 
PD 

3-Day 
PD + 
PE 

Weekly 
PD + PE 

1987 R2 0.86 0.84 0.85 0.79 0.80 
SEE 510 412 359 650 593 

2007 R2 0.89 0.95 0.96 0.92 0.92 
SEE 526 312 248 409 372 

2011a R2 0.77 0.89 0.9 0.95 0.96 
SEE 565 331 290 278 236 

2011c R2 0.73 0.87 0.93 0.95 0.98 
SEE 748 443 319 335 198 

2012 R2 0.41 0.52 0.50 0.64 0.58 
SEE 906 745 568 646 546 

 
House 1987 does not have a floor heating system and the larger 

time interval does not affect the model fit. SEE is reduced but that 
might be connected to the reduction of the number of observation 
points. The electricity is not linearly dependent on the outdoor 
temperature since extra heating with electricity only occurs below -17 
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0C. This might be the reason why adding the electricity to district 
heating does not yield a better model fit. 

House 2007 shows an increase in model fit going from daily to 
three day averages. The electricity is not dependent on the outdoor 
temperature and thus do not have any positive effect on the model fit 
by being added to PD. 

The houses built in 2011 both have electricity power that show a 
linear dependency on the outdoor temperature. This is also reflected in 
that the three-day and weekly averages with PD and PE added together 
show a better model fit than the averages based on PD alone. Again the 
largest gain can be seen going from daily to three day averages. 

House 2012 has the worst model fit for PD alone compared to all 
the other houses. The electricity power shows no dependency on the 
outdoor temperature, but adding the electricity usage to the total 
district heating seems to improve the model fit slightly. Not even 
using the longer time intervals of three day or weekly averages 
improves the model fit to be comparable to the other observed houses. 
The remaining difference of house 2012 compared to the other houses 
in the group is the use of a fire stove. The house has a fire stove 
installed and when inhabitants were asked how much it was used the 
answer was “a lot”. The fire stove is placed in the living room with the 
back against an external wall. There is a possibility that the air heated 
by the fire stove have such a large effect that the district heating does 
not operate with a linear relationship with outdoor temperature. 
Another possibility is that the concrete slab in the immediate area 
around the fire stove is heated during use. The heated concrete slab 
would then warm the floor heating system forcing the floor heating 
system to believe that the concrete slab is warmer than it actually is 
and thus lower the effect of district heating used. 

 

6.4 Observed versus calculated transmission heat loss 
In Table 8 the observed heat loss versus the heat loss based on 
transmission calculations is shown. Some interesting notes can be 
mentioned.  

Houses 1983 and 2000 are built by the same house producer, they 
have the same shape and form. The main difference is that house 2000 
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is a slightly larger house. Both these houses show the same difference 
between observed heat loss and transmission losses.  

Another note is that all houses in group 1 have a lower observed 
heat loss than calculated transmission losses. Group 2 has one 
naturally ventilated house that has lower observed heat loss than 
transmission losses and one house with HRV that is the opposite. In 
group 3 where all houses have a controlled ventilation, all houses 
except 2012 have higher observed heat loss than transmission losses.  

There is one house in group 3 that has larger differences than the 
other houses, house 2012 see column 5 in table 8. 

Possible reasons for house 2012 to display such a difference might 
be connected to the extensive use of the fire stove. The fire stove 
produce heat that is unaccounted for in the observations. This might 
lead to the district heating use being lower than what it would have 
been if the fire stove where not used and thus skewing the observed 
results. 
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Table 8 Observed and calculated transmission heat losses. 

House 
Observed 
heat loss 
(W/K) 

Calculated 
transmission 

heat loss 
(W/K) 

Calculated 
transmission 

minus 
observed 
heat loss 
(W/K) 

Difference 
over 

Observed 
heat loss  

Group 1 
1967 170 186 16 0.09 
1983 125 159 34 0.27 
2000 155 189 34 0.22 
2006a 134 140 6 0.04 

Group 2 
2006b 189 193 4 0.02 
2011b 147 123 -24 -0.16 

Group 3 
1987 191 167 -24 -0.13 
2007 228 157 -71 -0.31 
2011a 175 137 -38 -0.22 
2011c 183 181 -2 -0.01 
2012 129 187 58 0.45 
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7 CONCLUSIONS AND DISCUSSION 
Are single-variate steady state methods suitable for investigating 
energy performance for old and new inhabited single-family buildings 
in cold climate? 
  

It has been found that a single-variate steady state method such as 
the energy signature method is suitable to investigate energy 
performance and determine the heat loss factor. The method seems to 
be well suited to a cold climate where large outdoor temperature 
differences can be achieved. This is a benefit when determining the 
heat loss factor since the outdoor temperature differences give a large 
variation of bought energy needed for heating. The method can be 
used on old and new buildings alike where data for bought energy 
needs is made available.  

 
What is the influence of physical building characteristics on the 

energy signature method and the heat loss factor? 
 

A time interval based on daily averages have been used to 
investigate the energy performance. This is a good time resolution for 
buildings heated with radiators placed under the windows. For 
buildings with a floor heating system in a concrete slab, daily averages 
seem to be too small a time scale due to the thermal mass in the slab. 
A longer time frame is advised. Averages based on a three day 
intervals give close to the same result as averages based on a weekly 
time frame. This indicates that an average based on a three day 
interval is enough for the dynamic effects in the thermal mass to even 
out.  

A combination of heat sources is more complex to handle and runs 
the risk for yielding bad model fits. The combination of floor heating, 
HRV and a fire stove, as seen in house 2012, seems to be a difficult 
combination when applying the energy signature method without 
having detailed observations of the fire stove. 
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In order to achieve good results it is important that all observed 
systems are tuned in to compliment each other. The method at 
sufficient time scale, at least daily averages, can possibly be used to 
evaluate if installed systems is operating in a desired way or if tuning 
is required. 

 
The results achieved and presented in this this thesis have been 

based on observations collected from inhabited houses. The 
measurement equipment have been of a minimalist type with the goal 
of simple installation. The measurement equipment is based on one 
indoor and one outdoor temperature sensor together with gathering of 
electricity and district heating usage via billing meters. Separation of 
specific installations is not possible.  

The proposed method based on mentioned observation fails to 
consider occupancy levels and inhabitant behaviour. Also the effect of 
solar irradiation is not considered in this setup and should be 
accounted for if the method is used where solar heat gains are of 
concern.  

 
Based on the presented results, houses with natural ventilation are 

expected to generate a heat loss that is lower than or close to the 
theoretical transmission losses. Houses with forced ventilation are 
expected to measure a higher heat loss than the theoretically 
transmission losses.  
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Nomenclature 
λ (W/mK) Thermal conductivity 

PD Power daily averages for total district heating 
use.  

PDH 
Power daily averages for part of district heating 
used for space heating 

PDHW 
Power daily averages for part of district heating 
used for hot tap water production 

PE Power daily averages for total electricity use 
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House 1967 
House 1967 is a timber frame construction with a brick façade 

built on a concrete slab foundation. It is a naturally ventilated house 
with mechanical kitchen fan for cooking. The heating system uses 
water as heat carrier and radiators under windows. There are two 
adults and two teenagers in residence. The house is situated in the city 
of Luleå, Sweden. 

Figures 1 to 3 show the façades of the building, the garage 
attached to the house belongs to the neighbouring property. Figure 4 
shows the floor plan of the house. Table 4 shows the area of the 
different building parts and the theoretically calculated U-values based 
on material information in Tables 1 to 3 and area information gained 
from the façade and floor plan drawings.  

Figures 5 and 6 shows daily averages of the observed parameters.  
 

 
Figure 1 1967 Southeast façade  

 

 
Figure 2 1967 Northwest façade  
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Figure 3 1967 Southwest façade  

 

 
Figure 4 1967 Floor plan 

 
Table 1 1967 Wall structure 

Layer Thickness (m) λ (W/mK) 

Façade   
Wind board 0.013 0.065 
Timber frame s600 0.12 0.14 
Mineral wool 0.12 0.036 
Chipboard 0.01 0.08 
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Table 2 1967 Roof structure  

Layer Thickness (m) λ (W/mK) 

Tin Roof with cold, 
ventilated attic   
Roof truss s1200 0.145 0.14 
Mineral wool 0.145 0.036 
Porous wooden board  0.012 0.05 

 
Table 3 1967 Floor structure 

Layer Thickness (m) λ (W/mK) 

Floorboard 0.022 0.14 
Insulation 0.05 0.036 
Concrete slab 0.15 1.7 
Ground  1.5 

 
Table 4 1967 U-value of building parts  

Building part U-value (W/m²K) 

Wall 70.4m² 0.29  
Floor 100m² 0.38 
Roof 100m² 0.23 
Windows 19m² 1.7 
Doors 8.6m² 1.35 
Thermal bridges 162m 0.2 

Average  0.53 
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Figure 5 Heating, hot water and outdoor temperature observations from Sept -11 
to Nov -13 
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Figure 6 Electricity, district heating and indoor temperature observations from 
Sep -11 to Nov -13 
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House 1983 
House 1983 is a timber frame construction with a wooden façade built 
on a suspended foundation. It is a naturally ventilated house with a 
mechanical kitchen fan for cooking. The heating system uses water as 
the heat carrier and radiators under the windows. There are two senior 
adults in residence. The house is situated in the city of Luleå, Sweden. 
Figure 7 to 10 show the façades of the building. Figures 11 and 12 
show the floor plan of the house and Figure 13 show the section. The 
floor plan, Figure 11, also show a carport and storage next to the 
original garage. This does not show on the façade drawings. Table 10 
shows the different building parts area and the theoretically calculated 
U-values based on material information in Tables 5 to 9 and area 
information gained from the façade and floor plan drawings.  
Figure 14 and 15 shows daily averages of the observed parameters. 
 

 
Figure 7 1983 Northwest façade  
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Figure 8 1983 Northeast façade  

 

 
Figure 9 1983 Southwest façade  
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Figure 10 1983 Southeast façade  

 

 
Figure 11 1983 Floor plan first floor 
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Figure 12 1983 Floor plan second floor 

 

 
Figure 13 1983 Section 
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Table 5 1983 House Wall structure 

Layer Thickness (m) λ (W/mK) 

Panel   
Wind board 0.013 0.065 
Vertical Timber 
frame s600 0.095 0.14 

Mineral wool 0.095 0.036 
Horizontal Timber 
frame s600 0.095 0.14 

Mineral wool 0.095 0.036 
Chipboard 0.01 0.08 
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Table 6 1983 Garage Wall structure 

Layer Thickness (m) λ (W/mK) 

Panel   
Wind board 0.013 0.065 
Vertical Timber 
frame s600 0.095 0.14 

Mineral wool 0.095 0.036 
Gypsum board 0.013 0.22 

 
Table 7 1983 Roof structure 

Layer Thickness (m) λ (W/mK) 

Tin Roof with cold, 
ventilated attic   
Roof truss s1200 
Vertical 0.095 0.14 

Mineral wool 0.095 0.036 
Roof truss s1200 
horizontal 0.095 0.14 

Mineral wool 0.095 0.036 
Roof truss s1200 
Vertical 0.07 0.14 

Mineral wool 0.07 0.036 
Porous wooden board 0.012 0.05 
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Table 8 1983 Floor Suspended foundation structure 

Layer Thickness (m) λ (W/mK) 

Chipboard 0.022 0.14 
Timber frame s600 0.19 0.14 
Mineral wool 0.19 0.036 
Oil tempered hard 
wooden board 0.0048 0.065 

 
Table 9 1983 Floor Garage structure 

Layer Thickness (m) λ (W/mK) 

Concrete 0.2 1.7 
Insulation 0.1 0.036 
Ground   2 
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Table 10 1983 U-value of building parts 

Building part U-value (W/m²K) 

House Wall 82m² 0.19 
Garage Wall 39m² 0.35 
House Floor 110m² 0.20 
Garage Floor 29m² 0.27 
House and Garage Roof 169m² 0.13 
Windows 14m² 1.5 
Doors 12m² 1.6 
Thermal bridges 140m 0.2 

Average  0.33 
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Figure 14 Heating, hot water and outdoor temperature observations from Sept -11 
to Nov -13 

 

 



 APPENDIX 1983 93 

 

 
Figure 15 Electricity, district heating and indoor temperature observations from 
Sep -11 to Nov -13 
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House 1987 
House 1987 is a timber frame construction with a wooden façade built 
on a suspended foundation. It is a naturally ventilated house with a 
forced ventilation system in the kitchen fan installed after 
construction. This system also heats the incoming air with electricity 
when the temperature is below -17°C. The heating system uses air as 
the heat carrier and there is a supply duct in each bedroom. The air is 
taken from the living room and then heated with district heating. 
There are two adults and two teenaged children in residence. The 
house is situated in the city of Luleå, Sweden. 
Figure 16 to 19 show the façades of the building. Figures 20 and 21 
show the floor plan of the house and Figure 22 shows the section. 
Table 17 shows the different area of the building parts and the 
theoretically calculated U-values based on material information in 
Tables 11 to 16 and area information gained from the façade and floor 
plan drawings.  
Figure 23 and 24 shows daily averages of the observed parameters. 
. 
 

 
Figure 16 1987 Front side façade 
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Figure 17 1987 Left side façade 

 

 
Figure 18 1987 Back side façade 
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Figure 19 1987 Right side façade 

 

 
Figure 20 1987 Floor plan first floor 
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Figure 21 1987 Floor plan second floor 

 

 
Figure 22 1987 Section 
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Table 11 1987 House Wall structure 

Layer Thickness (m) λ (W/mK) 

Panel   
Wind board 0.013 0.065 
Vertical Timber 
frame s600 0.2 0.14 

Mineral wool 0.2 0.036 
Horizontal Timber 
frame s600 0.045 0.14 

Mineral wool 0.045 0.036 
Chipboard 0.01 0.08 

 
Table 12 1987 Garage Wall structure 

Layer Thickness (m) λ (W/mK) 

Panel   
Wind board 0.013 0.065 
Vertical Timber 
frame s600 0.12 0.14 

Mineral wool 0.12 0.036 
Chipboard 0.01 0.08 
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Table 13 1987 Sloping Roof structure 

Layer Thickness (m) λ (W/mK) 

Tin roof   
Hard wood board 0.003 0.13 
Roof truss s1200 
Vertical 0.195 0.14 

Mineral wool 0.195 0.036 
Roof truss s1200 
horizontal 0.095 0.14 

Mineral wool 0.095 0.036 
Roof truss s1200 
Vertical 0.022 0.14 

Porous wooden board 0.012 0.05 

 
  



100 APPENDIX 1987 

 

Table 14 1987 Flat Roof structure 

Layer Thickness (m) λ (W/mK) 

Tin roof with cold, 
ventilated attic   
Roof truss s1200 
Vertical 0.195 0.13 

Mineral wool 0.195 0.14 
Roof truss s1200 
horizontal 0.195 0.036 

Mineral wool 0.195 0.14 
Roof truss s1200 
Vertical 0.07 0.036 

Mineral wool 0.07 0.036 
Porous wooden board 0.012 0.05 

 
Table 15 1987 Floor Suspended foundation structure 

Layer Thickness (m) λ (W/mK) 

Chipboard 0.022 0.14 
Timber frame s600 0.24 0.14 
Mineral wool 0.24 0.036 
Oil tempered hard 
wooden board 0.0048 0.065 
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Table 16 1987 Floor Garage structure 

Layer Thickness (m) λ (W/mK) 

Concrete 0.2 1.7 
Insulation 0.2 0.036 
Ground   2 

 
Table 17 1987 U-value of building parts 

Building part U-value (W/m²K) 

House Wall 84m² 0.15 
Garage Wall 44m² 0.29 
House Floor 107m² 0.16 
Garage Floor 32m² 0.15 
House and Garage Roof 186m² 0.09 
Windows 16.6m² 1.5 
Doors 9.5m² 2.3 
Thermal bridges 193m 0.2 

Average  0.30 
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Figure 23 Heating, hot water and outdoor temperature observations from Sept -11 
to Nov -13 
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Figure 24 Electricity, district heating and indoor temperature observations from 
Sep -11 to Nov -13 
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House 2000 
House 2000 is a timber frame construction with a wooden façade built 
on a suspended foundation. It is a naturally ventilated house with a 
mechanical kitchen fan for cooking. The heating system uses water as 
the heat carrier and radiators under the windows. There are two adults 
and two children in residence. The house is situated in the city of 
Luleå, Sweden. 
Figures 25 to 28 show the façades of the building. Figures 29 and 30 
show the floor plan of the house and Figure 31 show the section. 
Table 23 shows the different area of the building parts and the 
theoretically calculated U-values based on material information in 
Table 18 to 22 and area information gained from the façade and floor 
plan drawings.  
Figure 32 and 33 shows daily averages of the observed parameters. 
 
 

 
Figure 25 2000 Southeast façade  
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Figure 26 2000 Northeast façade  

 

 
Figure 27 2000 Northwest façade  
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Figure 28 2000 Southwest façade  

 

 
Figure 29 2000 Floor plan first floor 
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Figure 30 2000 Floor plan second floor 

 

 
Figure 31 2000 Section 
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Table 18 2000 House Wall structure 

Layer Thickness (m) λ (W/mK) 

Panel   
Wind board 0.013 0.065 
Vertical Timber 
frame s600 0.095 0.14 

Mineral wool 0.095 0.036 
Horizontal Timber 
frame s600 0.095 0.14 

Mineral wool 0.095 0.036 
Chipboard 0.01 0.08 

 
Table 19 2000 Garage Wall Build up 

Layer Thickness (m) λ (W/mK) 

Panel   
Wind board 0.013 0.065 
Vertical Timber 
frame s600 0.095 0.14 

Mineral wool 0.095 0.036 
Chipboard 0.01 0.08 
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Table 20 2000 Roof structure 

Layer Thickness (m) λ (W/mK) 

Tin roof with cold. 
ventilated attic   
Roof truss s1200 
Vertical 0.095 0.14 

Mineral wool 0.095 0.036 
Roof truss s1200 
horizontal 0.095 0.14 

Mineral wool 0.095 0.036 
Roof truss s1200 
Vertical 0.095 0.14 

Mineral wool 0.095 0.036 
Porous wooden board 0.012 0.05 

 
Table 21 2000 Floor Suspended foundation structure 

Layer Thickness (m) λ (W/mK) 

Chipboard 0.022 0.14 
Timber frame s600 0.22 0.14 
Mineral wool 0.22 0.036 
Oil tempered hard 
wooden board 0.0048 0.065 
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Table 22 2000 Floor Garage structure 

Layer Thickness (m) λ (W/mK) 

Concrete 0.2 1.7 
Insulation 0.15 0.036 
Ground   2 

 
Table 23 2000 U-value of building parts 

Building part U-value (W/m²K) 

House Wall 115m² 0.19 
Garage Wall 45m² 0.35 
House Floor 112m² 0.18 
Garage Floor 40m² 0.19 
House and Garage Roof 169m² 0.12 
Windows 24m² 1.3 
Doors 11m² 1.5 
Thermal bridges 126m 0.2 

Average  0.31 
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Figure 32 Heating, hot water and outdoor temperature observations from Sept -11 
to Nov -13 
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Figure 33 Electricity, district heating and indoor temperature observations from 
Sep -11 to Nov -13 
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House 2006a 
House 2006a is a timber frame construction with a wooden façade 
built on a suspended foundation. It is a naturally ventilated house with 
a mechanical kitchen fan for cooking. The heating system uses water 
as the heat carrier and radiators under the windows. There are two 
adults and one child in residence. The house is situated in the city of 
Luleå, Sweden. 
Figures 34 to 37 show the façades of the building. Figure 38 shows the 
floor plan of the house and Figure 39 show the section. Table 29 
shows the different area of the building parts and the theoretically 
calculated U-values based on material information in Tables 24 to 28 
and area information gained from the façade and floor plan drawings. 
Figures 40 and 41 show daily averages of the observed parameters. 
. 
 

 
Figure 34 2006a Northwest façade  
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Figure 35 2006a Southwest façade  

 

 
Figure 36 2006a Southeast façade  

 

 
Figure 37 2006a Northeast façade  
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Figure 38 2006a Floor plan 

 

 
Figure 39 2006a Section 
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Table 24 2006a House Wall structure 

Layer Thickness (m) λ (W/mK) 

Panel   
Wind board 0.013 0.065 
Vertical timber frame 
s600 0.095 0.14 

Mineral wool 0.095 0.036 
Horizontal timber 
frame s600 0.120 0.14 

Mineral wool 0.120 0.036 
Chipboard 0.01 0.08 

 
Table 25 2006a Garage Wall structure 

Layer Thickness (m) λ (W/mK) 

Panel   
Wind board 0.013 0.065 
Vertical timber frame 
s600 0.120 0.14 

Mineral wool 0.120 0.036 
Gypsum Board 0.026 0.22 
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Table 26 2006a Roof structure 

Layer Thickness (m) λ (W/mK) 

Tin roof with cold. 
ventilated attic   
Mineral wool 0.195 0.036 
Mineral wool 0.195 0.14 
Roof truss s1200 
Vertical 0.195 0.036 

Mineral wool 0.07 0.036 
Roof truss s1200 
Vertical 0.07 0.14 

Porous wooden board 0.012 0.05 

 
Table 27 2006a Floor Suspended foundation structure 

Layer Thickness (m) λ (W/mK) 

Chipboard 0.022 0.14 
Timber frame s600 0.22 0.14 
Mineral wool 0.22 0.036 
Oil tempered hard 
wooden board 0.0048 0.065 
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Table 28 2006a Floor Garage structure 

Layer Thickness (m) λ (W/mK) 

Concrete 0.2 1.7 
Insulation 0.2 0.036 
Ground   2 

 
Table 29 2006a U-value of building parts 

Building part U-value (W/m²K) 

House Wall 93m² 0.17 
Garage Wall 45m² 0.28 
House Floor 140m² 0.18 
Garage Floor 40m² 0.15 
House and Garage Roof 180m² 0.08 
Windows 13m² 1.2 
Doors 11m² 1.2 
Thermal bridges 126m 0.2 

Average  0.28 
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Figure 40 Heating, hot water and outdoor temperature observations from Sept -11 
to Nov -13 
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Figure 41 Electricity, district heating and indoor temperature observations from 
Sep -11 to Nov -13 
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House 2006b 
House 2006b is a timber frame construction with a wooden façade 
built on a concrete slab foundation with floor heating in the slab. It is 
a naturally ventilated house with a mechanical kitchen fan for 
cooking. The heating system uses water as the heat carrier. There are 
two adults and two children in residence. The house is situated in the 
city of Luleå, Sweden. 
Figures 42 to 45 show the façades of the building. Figures 46 and 47 
show the floor plan of the house. Figure 48 shows the section of the 
house and Figure 49 the section of the garage. Table 35 shows the 
different area of the building parts and the theoretically calculated U-
values based on material information in Tables 30 to 34 and area 
information gained from the façade and floor plan drawings.  
Figure 50 and 51 shows daily averages of the observed parameters. 
 

 
Figure 42 2006b Southwest façade  
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Figure 43 2006b Northwest façade  

 

 
Figure 44 2006b Northeast façade  
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Figure 45 2006b Southeast façade  

 

 
Figure 46 2006b Floor plan first floor 
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Figure 47 2006b Floor plan second floor 

 

 
Figure 48 2006b Section  
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Figure 49 2006b garage section  

 
Table 30 2006b House Wall structure 

Layer Thickness (m) λ (W/mK) 

Panel   
Wind board 0.013 0.065 
Vertical timber frame 
s600 0.045 0.14 

Mineral wool 0.045 0.036 
Horizontal timber 
frame s600 0.17 0.14 

Mineral wool 0.17 0.036 
Gypsum Board 0.013 0.22 
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Table 31 2006b Garage Wall structure 

Layer Thickness (m) λ (W/mK) 
Panel   

Wind board 0.013 0.065 
Vertical Timber 
frame s600 0.120 0.14 

Mineral wool 0.120 0.036 
Gypsum board 0.013 0.22 

 
Table 32 2006b Roof structure 

Layer Thickness (m) λ (W/mK) 

Tin roof with cold. 
ventilated attic   
Mineral wool 0.016 0.14 
Mineral wool 0.09 0.14 
Roof truss s1200 
Vertical 0.09 0.036 

Mineral wool 0.225 0.14 
Roof truss s1200 
Vertical 0.225 0.036 

Porous wooden board 0.019 0.14 
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Table 33 2006b Floor House Buildup 

Layer Thickness (m) λ (W/mK) 

Concrete 0.2 1.7 
Insulation 0.2 0.036 
Ground   2 

 
Table 34 2006b Floor Garage structure 

Layer Thickness (m) λ (W/mK) 

Concrete 0.2 1.7 
Insulation 0.2 0.036 
Ground   2 

 
Table 35 2006b U-value of building parts 

Building part U-value (W/m²K) 

House Wall 159m² 0.17 
Garage Wall 68m² 0.28 
House Floor 110m² 0.14 
Garage Floor 45m² 0.15 
House and Garage Roof 167m² 0.12 
Windows 32m² 1.2 
Doors 15m² 1.4 
Thermal bridges 364m 0.2 

Average  0.37 
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Figure 50 Heating, hot water and outdoor temperature observations from Sept -11 
to Nov -13 
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Figure 51 Electricity, district heating and indoor temperature observations from 
Sep -11 to Nov -13 
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House 2007 
House 2007 is a timber frame construction with a wooden façade built 
on a concrete slab foundation with floor heating in the slab. It is force 
ventilated with heat recovery, Systemair VM2. The heating system 
uses water as the heat carrier. There are two adults and four children 
in residence. The house is situated in the city of Luleå, Sweden. 
Figures 52 to 55 show the façades of the building. Figure 56 and 57 
show the floor plan of the house, Figure 58 shows the section. Table 
42 shows the different area of the building parts and the theoretically 
calculated U-values based on material information in Tables 36 to 41.  
Figures 59 and 60 show daily averages of the observed parameters. 
The sensor measuring indoor temperature, Figure 60, had a bad 
placement where it easily was affected by lower temperatures at a 
window. For calculation purposes a indoor temperature of 21 oC have 
been used. 
 

 
Figure 52 2007 Southeast façade  
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Figure 53 2007 Southwest façade  

 

 
Figure 54 2007 Northeast façade  
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Figure 55 2007 Northwest façade  
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Figure 56 2007 Floor plan first floor 
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Figure 57 2007 Floor plan second floor 
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Figure 58 2007 Section 

 
Table 36 2007 House Wall structure 

Layer Thickness (m) λ (W/mK) 

Panel   
Vertical timber frame 
s600 0.045 0.14 

Mineral wool 0.045 0.036 
Horizontal timber 
frame s600 0.145 0.14 

Mineral wool 0.145 0.036 
Gypsum board 0.013 0.22 

  



136 APPENDIX 2007 

 

 
Table 37 2007 Garage Wall structure 

Layer Thickness (m) λ (W/mK) 

Panel   
Vertical Timber 
frame s600 0.145 0.14 

Mineral wool 0.145 0.036 
Gypsum board 0.013 0.22 

 
Table 38 2007 Roof House structure 

Layer Thickness (m) λ (W/mK) 

Tin roof with cold, 
ventilated attic   
Roof truss s1200  0.315 0.14 
Mineral wool 0.315 0.036 
Wooden panel 0.022 0.14 

 
Table 39 2007 Rood Garage structure 

Layer Thickness (m) λ (W/mK) 

Tin roof with cold, 
ventilated attic   
Mineral wool 0.216 0.036 
Mineral wool 0.145 0.036 
Roof truss s1200  0.145 0.14 
Gypsum board 0.013 0.22 
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Table 40 2007 Floor House Buildup 

Layer Thickness (m) λ (W/mK) 

Concrete 0.1 1.7 
Insulation 0.2 0.036 
Ground   2 

 
Table 41 2007 Floor Garage structure 

Layer Thickness (m) λ (W/mK) 

Concrete 0.2 1.7 
Insulation 0.2 0.036 
Ground   2 

 
Table 42 2007 U-value of building parts 

Building part U-value (W/m²K) 

House Wall 114m² 0.20 
Garage Wall 37m² 0.28 
House Floor 95m² 0.17 
Garage Floor 46m² 0.17 
House Roof 99m² 0.11 
Garage Roof 47m² 0.09 
Windows 22m² 1.0 
Doors 15m² 1.1 
Thermal bridges 290m 0.2 

Average  0.35 
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Figure 59 Heating, hot water and outdoor temperature observations from Sept -11 
to Nov -13 
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Figure 60 Electricity, district heating and indoor temperature observations from 
Sep -11 to Nov -13 
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House 2011a 
House 2011a is a timber frame construction with a wooden façade 
built on a concrete slab foundation with floor heating in the slab. It is 
force ventilated with heat recovery, SystemairVR 400 DC. The 
heating system uses water as the heat carrier. There are two adults and 
two children in residence. The house is situated in the city of Luleå, 
Sweden. 
Figures 61 to 64 show the façade drawings, Figure 65 shows the floor 
plan and Figure 66 shows the sections. Table 46 shows the different 
area of the building parts and the theoretically calculated U-values 
based on material information in Tables 43 to 45 and area information 
gained from the façade and floor plan drawings. 
Figures 68 and 60 show daily averages of the observed parameters. 
 

 
Figure 61 2011a North façade 

 

 
Figure 62 2011a South façade 
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Figure 63 2011a West façade 

 
Figure 64 2011a East façade 
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Figure 65 2011a Floor plan 
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Figure 66 2011a Sections  

Table 43 2011a House Wall structure 

Layer Thickness (m) λ (W/mK) 

Panel   
Vertical timber frame 
s600 0.195 0.14 

Mineral wool 0.195 0.036 
Horizontal timber 
frame s600 0.045 0.14 

Mineral wool 0.045 0.036 
Wooden chip board 0.01 0.14 
Gypsum board 0.013 0.22 
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Table 44 2011a Roof House Structure 

Layer Thickness (m) λ (W/mK) 

Tin roof with cold, 
ventilated attic   
Roof truss s1200  0.145 0.14 
Mineral wool 0.145 0.036 
Mineral wool 0.255 0.036 
Wooden panel 0.022 0.14 

 
Table 45 2011a Floor House structure 

Layer Thickness (m) λ (W/mK) 

Wodden floor 0,022 0,14 
Concrete 0.1 1.7 
Insulation 0.2 0.036 
Ground   2 
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Table 46 2011a U-value of building parts 

Building part U-value (W/m²K) 

House Wall 145m² 0.16 
House Floor 181m² 0.08 
House Roof 185m² 0.08 
Windows 26.5m² 1.0 
Doors 13m² 1.1 
Thermal bridges 215m 0.2 

Average  0.25 
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Figure 67 Heating and Hot water observations from Sept -11 to Nov -13 
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Figure 68 Electricity, district heating and indoor temperature observations from 
Sep -11 to Nov -13 
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House 2011b 
House 2011a is a timber frame construction with a wooden façade 
built on a concrete slab foundation with floor heating in the slab. It is 
force ventilated with heat recovery, SystemairVR 400 DC. The 
heating system uses water as the heat carrier. There are two adults and 
two children in residence. The house is situated in the city of Luleå, 
Sweden. 
Figures 69 to 72 show the façade drawings, Figures 73 and 74 show 
the floor plan of the house. Table 50 shows the different area of the 
building parts and the theoretically calculated U-values based on 
material information in Tables 47 to 49 and area information gained 
from the façade and floor plan drawings. 
Figures 76 and 76 show daily averages of the observed parameters. 
 

 
Figure 69 2011b North façade 
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Figure 70 2011b South façade 

 

 
Figure 71 2011b West façade 
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Figure 72 2011b East façade 

 

 
Figure 73 2011b Floor plan first floor 
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Figure 74 2011b Floor plan second floor 

 
Table 47 2011b House Wall structure 

Layer Thickness (m) λ (W/mK) 

Panel   
Vertical timber frame 
s600 0.195 0.14 

Mineral wool 0.195 0.036 
Horizontal timber 
frame s600 0.045 0.14 

Mineral wool 0.045 0.036 
Wooden chip board 0.01 0.14 
Gypsum board 0.013 0.22 
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Table 48 2011b Roof House structure 

Layer Thickness (m) λ (W/mK) 

Tin roof with cold, 
ventilated attic   
Roof truss s1200  0.315 0.14 
Mineral wool 0.315 0.036 
Wooden panel 0.022 0.14 

 
Table 49 2011b Floor House structure 

Layer Thickness (m) λ (W/mK) 

Wooden floor 0,022 0,14 
Concrete 0.1 1.7 
Insulation 0.2 0.036 
Ground   2 

 
Table 50 2011b U-value of building parts 

Building part U-value (W/m²K) 

House Wall 124m² 0.16 
House Floor 147m² 0.08 
House Roof 176m² 0.12 
Windows 22m² 1.0 
Doors 11m² 1.1 
Thermal bridges 184m 0.2 

Average  0.26 
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Figure 75 Heating and Hot water observations from Sept -11 to Nov -13 
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Figure 76 District heating and Indoor temperature observations from Sep -11 to 
Nov -13 
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House 2011c 
House 2011c is a timber frame construction with a wooden façade 
built on a concrete slab foundation with floor heating in the slab. It is 
force ventilated with heat recovery, SystemairVR 400 DC. The 
heating system uses water as the heat carrier. There are two adults and 
two children in residence. The house is situated in the city of Luleå, 
Sweden. 
Figures 77 to 80 show the façade drawings, Figures 81 and 82 shows 
the floor plan and Figure 83 shows the section plan. Table 54 shows 
the different area of the building parts and the theoretically calculated 
U-values based on material information in Tables 51 to 53 and area 
information gained from the façade and floor plan drawings. 
Figures 85 and 85 show daily averages of the observed parameters.  

 
Figure 77 2011c North façade 
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Figure 78 2011c South façade 

 

 
Figure 79 2011c West façade 

 

 
Figure 80 2011c East façade 
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Figure 81 2011c Floor plan first floor 
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Figure 82 2011c Floor plan second floor 

 
Figure 83 2011c Section  
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Table 51 2011c House Wall structure 

Layer Thickness (m) λ (W/mK) 

Panel   
Vertical timber frame 
s600 0.195 0.14 

Mineral wool 0.195 0.036 
Horizontal timber 
frame s600 0.045 0.14 

Mineral wool 0.045 0.036 
Wooden chip board 0.01 0.14 
Gypsum board 0.013 0.22 

 
Table 52 2011c Roof House structure 

Layer Thickness (m) λ (W/mK) 

Tin roof with cold, 
ventilated attic   
Roof truss s1200  0.315 0.14 
Mineral wool 0.315 0.036 
Mineral wool 0.255 0.036 
Wooden panel 0.022 0.14 
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Table 53 2011c Floor House structure 

Layer Thickness (m) λ (W/mK) 

Wooden floor 0,022 0,14 
Concrete 0.1 1.7 
Insulation 0.2 0.036 
Ground   2 

 
Table 54 2011c U-value of building parts 

Building part U-value (W/m²K) 

House Wall 175m² 0.16 
House Floor 149m² 0.08 
House Roof 152m² 0.09 
Windows 48m² 1.0 
Doors 14m² 1.1 
Thermal bridges 319m 0.2 

Average  0.31 
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Figure 84 Heating, hot water and outdoor temperature observations from Sept -11 
to Nov -13 
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Figure 85 District heating and Indoor temperature observations from Sep -11 to 
Nov -13 
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House 2012 
House 2012 is a timber frame construction with a wooden façade built 
on a concrete slab foundation with floor heating in the slab. It has a 
heat recovery ventilation system, Heru 90 T EC. The heating system 
uses water as the heat carrier. There is a fire stove installed in the 
living room that is frequently used. There are two adults and two 
children in residence. The house is situated in the city of Luleå, 
Sweden. 
Figures 67 to 70 show the façades of the house and Figure 71 shows 
the façade of the garage. Figures 72 and 73 show the floor plans of the 
house and garage. Table 61 shows the different area of the building 
parts and the theoretically calculated U-values based on material 
information in Tables 55 to 60 and area information gained from the 
façade and floor plan drawings.  
Figures 74 and 75 show daily averages of the observed parameters. 
 

 
Figure 86 2012 East façade  
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Figure 87 2012 West façade  

 

 
Figure 88 2012 North façade  
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Figure 89 2012 South façade  

 

 
Figure 90 2012 Garage façades  
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Figure 91 2012 Floor plan 

 

 
Figure 92 2012 Floor plan Garage 
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Table 55 2012 House Wall structure 

Layer Thickness (m) λ (W/mK) 

Panel   
Mineral wool 0.08 0.036 
Vertical timber frame 
s600 0.045 0.14 

Mineral wool 0.045 0.036 
Horizontal timber 
frame s600 0.195 0.14 

Mineral wool 0.195 0.036 
Chipboard 0.022 0.14 
Gypsum board 0.013 0.22 

 
Table 56 2012 Garage Wall structure 

Layer Thickness (m) λ (W/mK) 

Panel   
Vertical timber frame 
s600 0.045 0.14 

Mineral wool 0.045 0.036 
Horizontal timber 
frame s600 0.195 0.14 

Mineral wool 0.195 0.036 
Chipboard 0.022 0.14 
Gypsum board 0.013 0.22 
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Table 57 2012 Roof House structure 

Layer Thickness (m) λ (W/mK) 

Tin roof with cold, 
ventilated attic   
Mineral wool 0.405 0.036 
Roof truss s1200  0.195 0.036 
Mineral wool 0.195 0.14 
Gypsum board 0.013 0.22 

 
Table 58 2012 Roof Garage structure 

Layer Thickness (m) λ (W/mK) 

Tin roof with cold, 
ventilated attic   
Mineral wool 0.405 0.036 
Roof truss s1200  0.195 0.036 
Mineral wool 0.195 0.14 
Gypsum board 0.013 0.22 

 
Table 59 2012 Floor House structure 

Layer Thickness (m) λ (W/mK) 

Concrete 0.1 1.7 
Insulation 0.3 0.036 
Ground   2 
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Table 60 2012 Floor Garage structure 

Layer Thickness (m) λ (W/mK) 

Concrete 0.2 1.7 
Insulation 0.3 0.036 
Ground   2 
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Table 61 2012 U-value of building parts 

Building part U-value (W/m²K) 

House Wall 136m² 0.12 
Garage Wall 60m² 0.16 
House Floor 196m² 0.12 
Garage Floor 56m² 0.12 
House and Garage Roof 252m² 0.06 
Windows 37m² 1.0 
Doors 20m² 1.1 
Thermal bridges 625m 0.2 

Average  0.33 
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Figure 93 Heating, hot water and outdoor temperature observations from Sept -11 
to Nov -13 
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Figure 94 District heating and Indoor temperature observations from Sep -11 to 
Nov -13 

 

 






