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Sammanfattning
Det här examensarbetet avhandlar möjligheten att påverka implementeringen av olika
energieffektiviserande åtgärder med hjälp av prisbilder från den svenska
energimarknaden. Den riktar sig främst mot hus och lägenheter som är uppvärmda med
hjälp av fjärrvärme eller el. Beräkningarna utfördes genom en regressionsanalys.
Det första steget i examensarbetet var att ta reda på vilka beståndsdelar som
fjärrvärmepriset och elpriset består av. De komponenterna delades sedan in i så kallade
prediktorer. De var i vissa fall viktade mot geografisk plats och populationen hos den
kommun som priset härstammade ifrån. På så sätt har det gått att dela in olika priser
efter de fyra klimatzonerna som Sverige är indelat i. Klimatzon 1 är de nordligaste
delarna av Sverige och klimatzon 4 representerar de sydligare delarna.
Den beroende variabeln består av temperaturkorrigerad energikonsumtion för
byggnader som stått klara innan 2006. Genom att använda sig av temperaturkorrigering
och ta hänsyn till de nya byggnadernas energiprestanda, representerar insamlade data
energieffektiviserande åtgärder. Det kan vara verkliga fysiska installationer som
isolering eller beteendeförändringar som ligger bakom förändringarna i
energikonsumtionen.
Regressionsanalysen tar alla variabler i beaktning tillsammans med de dummyvariabler
som finns med. En dummyvariabel är antingen 1 eller 0, den är antingen sann eller
falsk. Det betyder att själva variabeln inte innehåller något värde utan snarare
information om hela ekvationen. I det här examensarbetet har dummyvariabler valts till
huvudekvationen som förklarar följande: geografisk plats, val av kontrakt hos elbolag
och typ av byggnad.
Variablerna genomgår olika tester för att undvika multikollinearitet och residualfel.
Multikollinearitet kan påverka variablerna i regressionsanalysen genom att signifikanta
variabler inte anses vara signifikanta och på så sätt bidrar det till att modellen blir
felaktig och instabil. Det motverkas genom att göra en scatterplotmatris,
korrelationsmatris och en Variance influence factor-analys,VIF-analys. Genom att
använda sig av de tre teknikerna går det att få en ekvation bestående av prediktorer och
dummyvariabler som inte bidrar till multikollinearitet i regressionsanalysen.
Residualfelen kan uppstå om residualen för någon av prediktorerna inte har en summa
som är lika med 0, eller visuellt ser ut att följa en viss typ av mönster, t.ex. en
andragradskurva. Det motverkas genom att transformera variabeln samtidigt som R2värdet hålls i beaktning, för att inte modellen ska försämras.
Det slutliga resultatet tas fram genom en backward elimination, där p-värdet analyseras
och den variabel som har högst p-värde som överstiger den uppsatta gränsen på 0,05 tas

bort, det görs sedan en ny analys. Detta pågår tills alla variabler kan anses vara
statistiskt signifikanta, p-värde≤0,05.
I den här rapporten har en huvudekvation beräknats, innehållande alla byggnadstyper
som studerats i arbetet, vilket ger en bred överblick hur energieffektiviserande åtgärder
för hela det svenska byggnadsbeståndet beror av olika prisbilder. Det har även gjorts tre
ytterligare regressionsanalyser som behandlar varje byggnadstyp för sig för att få en
djupare analys och förståelse för variablerna och hur de påverkar slutresultatet.
Resultatet av regressionsanalysen visar att det finns en negativ relation mellan
energikonsumtionen och fjärrvärmepriset, dvs. om fjärrvärmepriset ökar, så minskar
energikonsumtionen. De andra prediktorerna har en positiv relation mot konsumtionen
av energi.
Det går alltså att förklara den temperaturkorrigerade energikonsumtionen med hjälp av
energiprisets uppbyggnad och på så sätt också förklara implementeringen av
energieffektiviserande åtgärder. Från statligt håll går det således att genom
punktåtgärder mot de delar som är statistiskt signifikanta i modellen, påverka
energikonsumtionen i det svenska bostadsbeståndet.
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Executive summary
In an ever growing industrialisation, the energy question is at the top of mind for many
head of states over the globe. Sweden and the EU are no different and they have
compiled a list of goals that include numerous energy related topics such as the 20-2020 goals. They state that there should be a reduction in carbon emissions by 20 percent
compared to the values of 1990, an increase in renewable energy by 20 % and a
reduction of energy use by 20 %, all until the year 2020. Reducing the energy
consumption in the Swedish building stock is part of reaching these goals.
This thesis focused on the implementation of energy efficiency measures in the existing
building stock of Sweden. Is there a way to explain the trends in energy use with the
help of different price schemes? Yes, it would turned out. By explaining the temperature
corrected energy use in the existing building stock with energy prices, there is a way for
governments and officials to get an overview of where to focus when it comes to
financial measures. How does an increased carbon tax affect the energy use? In this
project a regression analysis to identify the determining parameters was used.
A regression analysis was done with the following starting dependent variables: electric
energy price, energy tax, carbon dioxide tax, district heating price, grid fee, electric
energy spot prices and electrical certificate. With the use of scatterplot matrices,
correlation matrices, VIF-testing and the iterative process of backward elimination, one
main equation was produced.
This method was used for producing four different types of models, one main model
that uses each building type as a dummy variable and three smaller models which
explain each building type by its own. For the main model the District heating price has
a negative coefficient, which means that if the price increases the energy use decreases.
For the model that explains energy consumption for multi-family units and single
family residence 16 ampere, there was a similar relationship between District Heating
and Energy Consumption as in the main model. The model that explains the energy
consumption for single family residence 20A had a negative relationship between Grid
Fee and Energy Consumption. If these variables increase in value the Energy
Consumption variable decreases. This could be valuable information for agencies if
they want to implement control means in these sectors.
!
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1. Introduction
In Sweden there is a big interest in energy efficiency, whether it is regarding cars,
factories or dwellings. There are national and international goals that depend on the
implementation of energy efficiency measures. Sweden has the goal to increase its
energy efficiency by 20 % until the year 2020, and 27 % until 2030 [1]. New dwellings
tend to have a lower energy consumption and follow the guidelines for energy
performance that are set, and continuously updated by The National Board of Housing
Building and Planning, Boverket. This study focuses on existing dwellings and energy
efficiency measures that are implemented on that stock.
The national energy efficiency goals have boosted the interest in this subject and there
are several studies that touch the subject of energy efficiency measures in buildings and
predictions of the future [2-4]. These studies are mostly done solely by governmental
organisations or in collaboration with them, and tend to focus on financing capacity
rather than energy price.
This thesis focuses on the energy price and the already implemented financial
instruments that affect the energy price. Regression analysis is a commonly used tool in
statistics. It has been used before in the energy sector to explain the district heating price
[5], but there is a lack of studies that use the method to explain energy use. Therefore
there is an interest in exploring the potential of regression analysis on energy use. By
using energy price and a regression analysis this report might act as a supplement to the
already known and explored subjects of energy efficiency measures and energy price,
when answering the question of what parameters explain the implementation of energy
efficiency measures.

1.1 Aim
The aim of this project was to study the historical relationship between energy
efficiency measures and different price schemes.
The objective was to find out if there is a way to explain the temperature corrected
energy use of the Swedish building stock by an equation consisting of energy prices and
financial instruments, and thereby answering the question if one type of price scheme
affects the energy use in multi-family units with district heating, single family
residences with district heating and single family residences with electrical heating.
The main calculations were carried out by using multiple regression analysis over the
ten year time period of 2006-2015. The data was selected to represent the four climate
zones in Sweden. Fuel type and housing were selected by studying which types that
were most common, district heating and electrical energy for heating alternatives and
multi-family units and single family residences 16A & 20A, in regards of housing.
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2. Background
2.1 Previous studies
This subject has previously been studied [2-5]. It is mentioned by Boverket [2] with
reference to the Swedish Energy Agency and the Swedish Environmental Protection
Agency that "Taxes have had a big influence" and "Energy tax on fuel and the carbon
dioxide tax is assessed to be the most effective instruments within the building sector",
the later quote is regarding the use of fossil fuel (the quotes have been translated).
The Swedish Energy Agency has a forecast in their report "Långsiktsprognos 2006 enligt det nationella systemet för klimatrapportering" [3] that predicts that the energy
use will decrease by 3 % from 2015 to 2025. It is pointed out that electric energy price
can have a positive effect on the energy use [3].
Boverket along with the Swedish Energy Agency have concluded that financial
instruments along with informational instruments play a part in the implementation of
energy efficiency measures in the existing building stock, even though it has a marginal
effect [4].
Lindgren and Nordtvedt [5] make use of a regression analysis in their report "Vad
påverkar fjärrvärmepriser i Sverige? - En ekonometrisk analys" when they are
researching which factors that explain the district heating price. They write that their
aim is to explain variations in the district heating price [5], and the explanations are
based on a regression analysis. This shows that regression analysis is a tool that has
been used before when modelling relationships in the energy sector.

2.2 Climate zones
Sweden is divided into four different climate zones, where zone 1 is in the northern part
of Sweden and zone 4 is the southern parts. The reason behind this sectioning is to
create reasonable regulations for buildings that are built in different parts of Sweden [6].

Table 1 describes which county that belongs to a certain climate zone in Sweden.
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Table 1 Counties that are included in each climate zone in Sweden [7].!

Climate!zone!1! Climate!zone!2! Climate!zone!3! Climate!zone!4!
Norrbotten!
Västernorrland!
Jönköping!
Kalmar!
Västerbotten!
Gävleborg!
Kronoberg!
Blekinge!
Jämtland!
Dalarna!
Östergötland!
Skåne!
Lappland!
Värmland!
Södermanland!
Halland!
Örebro!
!
!
!
Västmanland!
!
!
!
Stockholm!
!
!
!
Uppsala!
!
!
!
Gotland!
!
!
!
Västra!Götaland!
!
!
!

Note that municipalities Göteborg, Härryda, Mölndal, Partille and Öckerö although they
are located in county Västra Götaland, are included in Climate zone 4 and not Climate
zone 3.

2.3 District heating
In Sweden district heating is a well established means of energy provision. From the
1940s to present time (2017), it has evolved into one of the main providers of heat for
multi-family units [8]. It has also become popular amongst single family residences
over the years. Figure 1 and Figure 2 show the distribution between heating providers in
Sweden over the time period 2006-2015 for multi-family units and single family
residences.
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Figure 1 Development of heating sources used in Sweden for multi-family units, 2006-2015 [9].
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Figure 2 Development of heating sources used for single family residence, 2006-2015 [10].

As seen in Figure 1, district heating has been the dominating means of heating for
multi-family units and electricity has gained shares over the past ten years. Figure 2
displays a different distribution for single family residences, where electricity is the
most common heating source, followed by bio fuels. The share of district heating users
has become larger over the last ten years. In Figure 3, the combined usage for multifamily units and single family residences is illustrated.
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Figure 3 Development of heating sources used in Sweden, multi-family units combined with single family residences,
2006-2015 [9][10].

The two largest heat providers are district heating and electricity. This thesis is therefore
focused on those two as means of heating.
District heating is a monopolised market, where heat providers own the pipelines in a
specific area. Therefore customers do not have the possibility of choosing a provider.
Pricing of district heating can be divided into different parts, Figure 4, but it varies a lot
between companies.
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Figure 4 Simplified depiction of what factors the district heating price consists of.

The categorisation is explained in Figure 4, and can be interpreted as a generalisation of
how the district heating price is structured.
2.3.1 Variable price and fixed fees
The variable part of the district heating price is the biggest share. Almost every district
heating company offers a price mix with a variable part. The variable part can be
categorised as a free market price, as it depends on free market categories such as fuel
price, fuel mix, size of plant. But the end price is set by the district heating company
that acts alone on a monopolised market.
In this project fixed fees are calculated as a part of the variable price, as the data
collected was given as a total price and not separated. Residential units often pay a fixed
fee annually to their district heating company but this varies and some heating
companies have a price that is totally based on variable factors. The pricing is not
presented by the industry association Svensk Fjärrvärme as a fixed part and a variable
part. The association shows the pricing only as a variable based on average annual heat
consumption for multi-family units and single family residences. There are no historical
data on the fixed fees as a separated category of expenditure for the costumers.
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2.3.2 VAT
The VAT is at 25 % of the total price of heat from district heating companies. It is
added to the bill for the end costumers.
2.3.3

Carbon taxation and fuel mix

According to Swedish law, district heating is tax exempt from energy taxation and
carbon dioxide taxation unless it derives from fossil fuels. If fossil fuel is used, heating
companies are taxed 80 % of the carbon dioxide tax and 0 % of the energy tax [11]. In
Sweden peat is not classified as a fossil fuel and is therefore tax exempt. There can be
big differences between municipalities regarding the percentage of fossil fuels in the
fuel mix. Stockholm has 13 percent fossil fuels in its mix, while Karlstad has 1 percent
[12].
Heating oil and coal are the most commonly used fossil fuels by district heating plants
[12]. Therefore this project regarded heating oil and coal in the context of taxing district
heating. Figure 5 illustrates the development of the tax for a ten-year period, 2006-2015,
for both heating oil and coal.
40!
35!

öre/kWh!

30!
25!

TaxaQon!of!
coal!

20!
15!

TaxaQon!of!
heaQng!oil!

10!
5!
0!
2006!

2008!

2010!

2012!

2014!

Year!
Figure 5 Taxation of coal and heating oil, 2006-2016 [13]

The district heating industry is, as previously mentioned, not fully taxed for its use of
fossil fuels. It is therefore interesting to see if the tax has any affect on the energy use of
the end customer and if governmental actions can change the behaviour of customers.

2.4 Electricity prices
The Swedish energy market was deregulated in early 1996, which resulted in the fact
that it was open for new actors on what had been a monopolized market [14]. The
deregulation brought a whole new set of changes, not only for the market itself, but also
7
!

for its customers. Being informed about the development of the price of your electricity
had not been that important earlier for the private households. The number of contracts
that customers could make with their energy provider was limited. Post deregulation,
the energy market has opened up to new providers and a number of different contracts
within those companies [14]. Therefore, the electricity cost for consumers can vary
significantly depending on their choice of contract, which gives an economic
opportunity for informed consumers.
Electricity price depends on a number of different factors, such as temperature, supply,
demand and time of day [15]. These factors are, for consumers, difficult to regulate and
influence. Outside temperature is unpredictable and private households have to use
more energy on colder days, which causes an increase in price due to the supply and
demand elements of the energy market. To avoid these price spikes, customers can
agree on fixed prices that depend on the type of contract. The length of the contract, for
example, can vary from one year up to five years and sometimes even more. That way
customers are tied to a contract from a certain energy provider for an x amount of years
and in return they pay the same price per kWh through that time period. There is also
the option to sign a contract of a variable price, in that case the price follows the spot
prices at the energy market, Nordpool Spot [15]. With such a variable price contract, the
different factors mentioned, affect the price more directly. Figure 6 shows what costs
and variables that the energy price consists of. This simplified model allows for an easy
overview of the relevant factors.
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Figure 6 Simplified depiction of what factors the electric energy price consists of.

As mentioned, the energy price is affected by various components, some are based on
the free market and some are based on governmental decisions.
The fees that customers pay for their electricity can be divided into grid costs and used
power costs, and both contain fixed parts and variable parts. Grid companies have a
monopoly in their area but are monitored by the Swedish energy market inspectorate,
Energimarknadsinspektionen, in order not to overcharge the end customers and so that
they follow the current set of laws and regulations [16].
Combining all parts of the electrical heating price results in the end price that the
customers pay for its electricity. While the grid companies have a monopoly, the power
market is an open market. Private households are able to choose from a number of
different contracts that vary in length and price. Figure 7 shows that a variable price
contract is the most popular choice. The "until further notice" part of Figure 7 consists
of those customers that are yet to make an active choice in terms of contract and are
automatically given an "until further notice"-price, which often is a lot higher than other
contracts prices. Over the years the total share of customers that have been assigned
"until further notice"-contract have steadily gone down from 50 % in 2005, to 13 % in
2016. The "other" part is a combination of different contracts available on the market
i.e. 5-year contract, 10-year contract and other variations of lengths that are not that
common [17][18].
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Figure 7 Development of selected contracts by private households, 2005-2016 [17][18].!

As the most popular contracts are variable price, 1-year, and 3-year, these three types of
contracts were studied further in this project.
2.4.1 Bidding areas
In 2010 the European Commission declared that the national grid had to change its
policies on transmission limitations from the north to the south of Sweden and through
Europe [19]. Svenska Kraftnät, SvK, decided to divide the national grid into four
different bidding areas. That way, price differences would stimulate a more even
production and consumption of energy [19]. Area one is the northern parts of Sweden
while Area four is the southern parts. The areas are not divided by county borders and
customers have to find out what bidding area their municipality is placed in. Figure 8
illustrates how the four areas are divided, where there is an overproduction of electric
energy in area one and two, and a deficit in area three and four. That means that the
price is lower in area one and two compared to three and four.
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Figure 8 The four bidding areas of Sweden (Elområde = Bidding area) [20].

Bidding areas are not the same as climate zones, where climate zones are based on
climate of different parts of Sweden, bidding areas are solely based on electric energy
production and consumption.
2.4.2 Spot prices
Spot prices set a base of what the customers pay, even if they choose a long term
contract the price reflects how high or how low the spot prices have been during the
recent years. A cold day at 7 am, the price will be at its highest. Nordic electrical
mixture is traded on NordPool spot, where everybody has a right to trade much like the
Stockholm stock exchange [21].
In this project the average spot price over a whole year has been studied. There are big
differences from summer to winter but as a data point, a total average is representative,
since every other data point is gathered annually. Figure 9 illustrates the average spot
price over a ten-year period.
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Figure 9!Average spot prices, 2006-2016 [21].!

As seen in Figure 9, there is a maximum difference between the four climate zones of
almost 1 öre/kWh during a certain year. There is no individual data for each climate
zone before 2011, which explains why the difference in data starts 2011-2012 [14].
2.4.3 Energy tax
In Sweden there are different types of energy taxes that affect customers and producers.
This thesis focuses on the energy tax paid by the end customers and more specifically
the energy tax that is paid by customers in single family residences and multi-family
units. In general all consumption of electricity is tax based but the amount differs from
where in Sweden you live. For the people who live in the northern parts, climate zone 1,
the tax is lower than in the rest of the country. The energy tax is recalculated every year
based on the consumer price index [22].
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Figure 10 The development of energy tax from 2005-2015 [23][24].!

Figure 10 shows the development of the energy tax. It has risen since 1975 and has
become a bigger part of the end customers bill.
2.4.4 VAT
The VAT is at 25 % of the total energy price or added separately to every single cost
category.
2.4.5 Electricity certificate
The certificate system was first implemented in 2003 and its aim was to stimulate the
production of clean energy [25]. The system is functioning on the premise of supply and
demand, where producers of 1 MWh renewable energy is awarded one certificate to
trade with. For a private household the certificate demonstrates itself on the electrical
bill, because energy providers are obliged by law to buy a certain quota of their sales in
the form of clean energy [26].
Figure 11 displays the price per certificate and the quota that has been set for that
certain year.
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Figure 11 The price of energy certificate and quota of the prices that affect the private households, 2006-2016
[25][26].!

2.4.6 Agency fees
Agency fees are paid annually and are earmarked towards maintenance of the national
grid. This project does not include the agency fee in its calculation based that is only
displayed for the most recent years and that it has small effect on the end price.
2.4.7 Grid tariffs and Variable grid fee
Every household pays a tariff to their grid company. The tariffs vary between
companies and there are three different types of tariffs; Fuse, Power and Time tariff.
The most common type of tariff for private households are the fuse tariff [27].
The fuse tariff is a fixed cost based on the size of the fuse, guidelines recommend a fuse
size of 16A when the yearly consumption is between 0 - 20 000 kWh and a size of 20A
when it is between 20 000 - 25 000 kWh [28]. The consumption for these two
recommendations are in line with the studied objects for which the energy consumption
varies from 2 000 to 20 000 kWh/year.
The historical data of grid tariffs are not available as separate data.
Energimarknadsinspektionen who does the follow up studies on grid companies has
presented the tariffs as a part of the variable fee [29].
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2.4.8 Energy providers fixed fees and variable fees
A lot of grid -and energy providers have fixed and variable fees which vary between
companies. Each includes different factors that set the base of how much the customers
pay.
Variable fees come in to play when a customer signs a variable price contract. It is
added to the bill and is based on the energy consumption, öre/kWh.
Both of these fees have insufficient historical data, but they are represented as a part of
the contract prices end customers pay. As a result of this they are included in the
calculations of contract price for every climate zone and type of dwelling.

2.5 Energy consumption
Data of non temperature corrected consumption for MFU and SFR with electrical
heating systems are displayed in Figure 12.
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Figure 12 Energy consumption for MFU and 20A SFR, 2006-2015 [10][11].

In order to get any information about energy efficiency measures made, the temperature
corrected consumption has to be used. The data from Figure 12 were used to calculate
the total area, m2.
The temperature corrected total energy consumption was presented by the Swedish
Energy Agency, Figure 13.
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Figure 13 Total temperature corrected energy consumption for heating Multi-family units, Single family residence
and non residential premises, 2006-2015[30].!

This energy consumption represents the total energy used for heating, which can be
applied to different types of dwellings within this energy use.
!
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3. Methodology & Data
This section describes how the data was gathered and calculations done to best fit the
purpose of the model. It also includes the process of the regression analysis and the presteps done to obtain the best suitable model.

3.1 Selected data
The data were selected so that it, when possible, derived from the same source when
performing a calculation or in the project in general. Sometimes this was not possible
and data from other sources had to be used.

3.2 Data consistency
Even if the data were from one source, different reports, or two different sources that
referred to each other, the data for a certain year could differ. In this case a decision was
made of which data hade the greater impact on the end result. Often the data that were
revised closest to the writing date of this project, 2017-01-09 - 2017-05-15, were chosen
to be the primary data. In these cases an average difference was calculated, if some of
the data points overlapped. The difference was then added to the secondary data of
those years that the primary data did not cover, in order to get data points that were
consistent. An example of calculating data for year Y when two sets of data have
differences follows below:
!"#$%"&!!"#"!!"#$!! − !"#$%&'()!!"#"!!"#$!! = !"##$%$&'$!!"!!"#"
!"#$%&'!"!!"#"!!"#$!! + !"##$%$&'$!!"!!"#" =!Consistent data
In the case of unavailable data, the category were excluded from the calculations. For
example if some of the municipals did not have data points for a certain year, they were
excluded totally from the calculations.

3.3 Weighted values
The first step in handling the chosen data were to divide them by location, and then
assign them to their respective climate zone. In the case of bidding areas, they have first
been assigned a bidding area and data have been calculated from there to later be
divided into climate zones.
The data were weighted by population size. Every municipal has had its population size
displayed [31]. All the data that were divided into climate zones were weighted by using
weighted arithmetic means, according to the following equation:
!=

!
!!! !! !!
! !
!!! !
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(1)

e = value for a specific municipal
ω = share of total population size
n = number of considered municipals in the data set
This methodology applies to Grid Fees, District Heating and Energy Consumption.

3.4 Temperature energy consumption
When calculating the temperature corrected energy consumption for each climate zone,
data for the actual number of single family residences and multi-family units for each
year 2006-2015 were used. The same procedure was used with the number of finished
new dwellings in each zone.
The temperature corrected energy consumption for each type of studied object was
calculated from the actual share of energy use from each dwelling and multiplied by the
total temperature corrected energy consumption.
!

! = !!" !!"

(2)

!"

etc = The temperature corrected energy consumption in total, kWh.
etd = Total amount of energy consumed by a certain type of dwelling, MFU or SFR,
kWh.
eta = Total amount of energy consumed by the combination of all dwellings, kWh.
The energy consumption was calculated from the same source as the temperature
corrected data in order not to mix data points. It was done by dividing the total use for
that type of dwelling in kWh, with the given data for a dwelling's energy use,
2

!"!
!!

!. The

first step was to calculate the total area, in m .
!
!

=!

(3)

The dwellings temperature corrected value was then divided by the area, in m2, in order
to get a corrected value in

!"!
!!

, for each year from 2006 to 2015.
!!"
!

= !!"

(4)

For example, in order not to mix data the area was calculated from the non temperature
!"!

corrected values in equation 3, e [kWh] and E [ !! ], are non temperature corrected. The
area was calculated from these values and that area was assumed to be valid for the
temperature corrected data. Therefore the temperature corrected value calculated in
18
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equation 2, was divided by the area from equation 3 in order to get temperature
corrected values with the unit

!"!
!!

.

The newly finished dwellings were assigned an energy consumption defined by BBR's
regulation for that certain year.
The total fraction of already existing dwellings, built before 2006, and existing plus new
buildings for the years 2006-2015, was calculated in order to see how much the newly
built dwellings affected the outcome.
!! = (!

!!!!
!
!
!!!
!!!""# !! )

(5)

x = Existing stock, year (i-1)
y = Newly built during year i
n = studied year
Note that x + y = total amount of buildings that year. For example, for the year 2006
!
equation would be; (! !""#
= !!""# , and for 2007, the equation would be;
!!
)
!!""#
(!!""# !!!""# !!!""# )

!""#

!""#

= !!""# .

The actual energy consumption for the existing building stock was calculated by the
formula:
!"! !"# (!")
!

= !!"

(6)

Ea = Actual energy consumption (old and new)
NBD = share of newly built dwellings
!" = Boverket's regulations for the energy consumption in

!"!
!!

B = Share of existing dwellings, buildings completed January 2006 and earlier
!" =The existing/old (-2006) energy consumption
This made it possible to calculate the development of the old/existing building stocks
temperature corrected energy consumption for each climate zone.
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3.4.1 District heating prices
Figure 14 and Figure 15, show the variable price for multi-family units and single
family residences.
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Figure 14 Prices for the four climate zones, apartments 2006-2016 [32][33].
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Figure 15 Variable prices for the four climate zones, single family dwellings, 2006-2016 [32][33].

The variable price for district heating is not volatile, it has risen steadily the past ten
years. Climate zone 1 has the lowest prices for both SFR and MFU, which can be
explained by a large number of factories that provide waste heat.
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3.4.2 Electricity prices
Grid fees have been calculated by collecting data from local grid providers [34][35], and
then separate these data into different climate zones according to the method explained
in section 3.3. The data is given as combination of tariffs and variable fees, grid tariffs
are thereby a part of the variable grid fee in this thesis, and calculated to öre/kWh based
on the energy consumption of the studied objects.
Figure 16, Figure 17 and Figure 18 illustrate the development of the grid fee for the
studied buildings.
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Figure 16 Grid fees for the four climate zones, multi-family units, 2006-2016 [34][35].!
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Figure 17 Grid fees for the four climate zones, single family residence 16A fuse, 2006-2016 [34][35].!
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Figure 18 Grid fees for the four climate zones, single family residence 20A fuse, 2006-2016 [34][35].!

In general the higher the consumption, the lower the fee is per used kWh. Climate zone
3 has the highest cost for all three different types of houses and climate zone 1 has
almost lowest cost of the four zones for every measured year.
3.4.3 Energy consumption
The temperature corrected energy consumption is a way of studying how a certain type
of building or the entire building stock has changed their energy consumption regardless
22
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of temperature over the years. Figure 19, Figure 20 and Figure 21 display the
development of temperature corrected energy consumption for MFUs, electrical heated
SFRs and district heated SFRs.
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Figure 19 Energy consumption of the existing building stock of multi-family units, 2006-2015.
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Figure 20 Energy consumption for the existing building stock of single family residences, 20A fuse, 2006-2015.
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Figure 21 Energy consumption for the existing building stock of single family residences, 16A fuse, 2006-2015.

There is a bigger difference between the climate zones in energy consumption for
MFUs compared to both types of SFRs. All three graphs show the same pattern of
decline in energy consumption, where the year of 2010 stands out as an anomaly.
Temperature corrected energy consumption is a commonly used tool but it can be
misleading when certain years have unusually many high or low temperature days. 2010
was an unusually cold year [36] and 2014 unusually warm [37]. The calculations can
then show a lower or higher number than the actual number.

3.5 Regression analysis
When obtaining the end equation, it was done by using regression analysis, as it has
been deemed to be a suitable method for this project.
The regression analysis was calculated in Excel, with energy consumption, Y, as the
dependent variable and climate zones, contract length and type of building as the
dummy variables.
! = !! + !! !! + ⋯ + !! !! + !! + ⋯ + !!
β0 = intercept
δ = dummy variable (either 1 or 0)
x = independent variable, for example Grid Fee or Energy Tax
Y = dependent variable
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(7)

This is the starting equation before anything is set. There is always a base scenario since
there are n-1 number of dummy variables. SFR 16A with a variable contract and located
in climate zone 3 is the base scenario for this model. This means that if all dummy
variables are equal to 0, the base scenario applies.
3.5.1 Scatterplot matrix
To get an overview of the data, and how each variable interacts with the other, a
scatterplot matrix was created, Figure 22.

Figure 22 Scatterplot matrix with all the variables including the dependent variable.

The matrix can be read as a general plot, y-axis is the latitude and x-axis is the
longitude.
The interpretation of this is broad and general, when studied there are signs of multi
collinearity. There should be a low correlation between the predictors and a relatively
high correlation between each predictor and the dependent variable. District heating and
Grid fee display something that can be a cause of multi-collinearity, dependent variables
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being too correlated to affect the end result. There are also a few other predictors that
might be too correlated. This matrix is not enough to understand the combined
relationship between the dependent variable and the non-dependent variables or the
interrelationship of the predictor variables [38].
3.5.2 Correlation matrix
In combination with the scatterplot matrix, the correlation matrix is a useful tool when
studying collinearity. Table 2 illustrates the individual correlation between every
variable in the model. If the correlation is 1 or -1 there is a perfect correlation. If it is
equal to 0 there is no correlation at all.
Table 2 Correlation matrix, with all variables tested.

Y&X$
Y!!
X1!
X2!
X3!
X4!
X5!
X6!
X7!
Cz1!
Cz2!
Cz4!
1yr!
3yr!
MFU!
SFR!
20A!

Y$$$
1.00!
0.30!
V0.11!
V0.58!
0.28!
0.20!
V0.22!
0.15!
V0.02!
V0.01!
0.02!
0.00!
0.00!
0.58!

X1$$

X2$$

X3$$

X4$$

X5$

! 1.00!
V0.06!
V0.12!
0.46!
V0.31!
V0.76!
0.38!
0.00!
0.00!
0.01!
0.07!
0.07!
V0.26!

!
! 1.00!
0.19!
V0.12!
0.32!
0.32!
V0.08!
V0.96!
0.32!
0.32!
0.00!
0.00!
0.00!

!
!
! 1.00!
V0.34!
0.42!
0.38!
V0.03!
0.00!
0.00!
0.00!
0.00!
0.00!
0.00!

!
!
!
! 1.00!
V0.23!
V0.23!
0.61!
V0.01!
0.00!
0.01!
0.00!
0.00!
0.00!

!
!
!
!
! 1.00!

0.07!

0.82!

0.00!

0.00!

Y = dependent variable,

X6$

!
!
!
!
!
0.65! ! 1.00!
V0.14! V0.19!
V0.25! V0.24!
0.28! V0.05!
V0.14! 0.03!
0.00! 0.00!
0.00! 0.00!
0.80! 0.49!

X7$

Cz1$

!
!
!
!
!
!
!1.00!

!
!
!
!
!
!
!
0.00! ! 1.00!
0.00! V0.33!
0.00! V0.33!
0.00! 0.00!
0.00! 0.00!
0.00! 0.00!

!
!
!
!
!
!
!
!
! 1.00!

Cz4$

!
!
!
!
!
!
!
!
!
V0.33! !1.00!
0.00! 0.00!
0.00! 0.00!
0.00! 0.00!

1yr$
!
!
!
!
!
!
!
!
!
!
! 1.00!

!"!
!!

X2 = Energy tax
X3 = Carbon dioxide tax, coal and heating oil combined
X4 = Spot price electricity
X5 = District heating price
X6 = Grid fee
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SFR$
20A$

3yr$ MFU$

!
!
!
!
!
!
!
!
!
!
!
V0.50! !1.00!
0.00! 0.00!

!
!
!
!
!
!
!
!
!
!
!
!
! 1.00!

0.00! V0.40! V0.81! 0.00! 0.00! 0.00! 0.00! 0.00! 0.00! V0.50!

X1 = Energy price

!

Cz2$

!
!
!
!
!
!
!
!
!
!
!
!
!
!
1.00!

X7 = Electrical certificate
Cz1, 2 & 4 = Dummy variable, climate zones 1,2 & 4
1y & 3y = Dummy variable, contract type 1 year & 3 years
MFU & SFR 20A = Dummy variable, type of dwelling

Table 2 displays the correlation matrix for the model. There are a few "extremes" in this
table that cause a problem with the model. The correlation between Energy tax and the
dummy variable Climate zone 1 is very high. In this project there was a selection
process based on these plots, matrices and variables that are assumed to be of more
interest for the end result. It is problematic to remove a dummy variable at this stage as
there is an interest in having them in the model as long as possible. Arguments can be
made that the information of Energy tax is in the Climate zone 1 variable already, since
it is the only climate zone that has a different energy tax. Therefore in regards of Table
2, Energy tax is removed from the regression analysis along with Carbon dioxide tax
and Spot price for electricity. Carbon dioxide tax is removed based on visuals from
Figure 22, and the fact that it has little or no impact on the end price of district heating.
Spot price for electricity is removed because of its high correlation with electrical
certificate and that spot prices can be explained by the Energy price of electricity, which
is a variable that remains at this stage.
3.5.3 Variance inflation factor
When doing a multiple regression analysis there is a possibility that one or more
variables can be explained by the other non-dependent/predictors. This could be a cause
of multi-collinearity. If so the regression analysis could be less precise than it would be
if no collinearity existed. Variance inflation factor, VIF, is a way of quantifying the
multi-collinearity by using the following equation:
!! = !! !! + !! !! + ⋯ + !! !!

(8)

x = independent variable
! = multiplication factor
This is an analysis of the predictor variables, which results in a R2 -value. It can be done
for every predictor. The next step is to quantify the multi-collinearity by using the VIFequation.
!

!"# = (!!!! )
!
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(9)

If VIF>10 there is a strong multi-collinearity and there may be a cause for excluding a
predictor or modifying it. After the first set of VIF-calculations, the variable Energy tax
was removed from the model, since it had a VIF>10.
In the first iterations of the VIF-test, it became clear that at least one more variable
needed to be removed. Based on the scatterplot and correlation matrix, Grid fee was
removed from the analysis, since it got a higher correlation with two remaining
variables than any other.
Table 3 shows the calculated VIF-values for the remaining variables.

Table 3 Calculated VIF-values for the main model.

Variable!
RYsquared!
VIF!
Electric!energy!price!X1!
0.88!
District!heating!price!X5!
0.80!
Electric!certificate!X7!
0.52!
Climate!zone!1!
0.47!
Climate!zone!2!
0.37!
Climate!zone!4!
0.40!
1yrVcontract!
0.33!
3yrVcontract!
0.32!
MFU!
0.81!
SFR!20A!
0.88!

8.05!
5.02!
2.07!
1.87!
1.58!
1.67!
1.48!
1.48!
5.40!
8.17!

As illustrated in Table 3 there is no VIF-value that exceeds the category of high multicollinearity with these variables.
3.5.4 Residual analysis
The residual is the observed value minus the predicted value;
! =!−!

(10)

In regression analysis the residual plot for every variable should be displayed in a
random pattern. Judgements of where the residuals are no longer random are subjective,
but the general definition is that it should not be able to be represented well by an ! ! -! !
equation, nor by any logarithmic equations. If this is the case, then the variable might
need to be transformed before a final model can be used. Figure 23 shows the residuals
for electric certificate price after the first iteration of regression analysis.
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Figure 23 Residual plot for Electric certificate.

Figure 23 illustrates the residual plot for electrical certificate. It can be interpreted as a
x2-or x3-function as it is increasing/decreasing in a non-random fashion.
There are different ways of proceeding with this information. In this project there was
testing to get the best suitable transformation of the variable that had a non-random
residual plot. In the case of electrical certificate for the main model, the best
transformation was found to be !

!
!"

on all the electrical certificate prices, Figure 24.
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Figure 24 Residual plot after adaption of the variable Electrical certificate.

Residual for electrical certificate now displays a more random pattern, along with a
increase in R2-value from 0,816 to 0,819, which indicates that the modification of the
variable helps to explain the Y-variable better.
3.5.5 Backward elimination
There are different ways of assessing the best model possible for a regression analysis.
One general rule is that the simpler the model the better. Models with fewer predictors
tend to leave out as much noise as possible, and are more economical (less dependent
on quality of the computing devise) and time efficient [39]. Everything is not rainbows
and unicorns with a smaller model, it is more of an balancing act, as larger models
might give better predictions than the smaller models [39].
Backward elimination is an iterative selection process, that starts with all the predictors
and then one by one removes the predictor with the highest p-value>αcrit [38]. In this
thesis αcrit = 0.05, which is a commonly used limit as the confidence interval is set at 95
%. The iterative process continues until there are no predictors that have a p-value≥ αcrit.
It is important not to compromise the model's explanation of the dependent variable and
therefore monitoring the R2 while removing predictors is a major part of backward
elimination.
For the main model and the MFU-model the dummy variables for contract length was
removed. For SFR 16A and SFR 20A contract length and energy price was removed.
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4. Results
The end results show that price models do affect energy efficient measures in Sweden in
some way, and it is possible to calculate their impact. Factors, such as climate zones and
type of dwelling are also having an effect.
! = 164.2 + −8.4 !"1 + 3.1!"2 + −5.4 !"4 + 39.7!"# + 8.5!"#20! +
0.1!" + −1.2 !" + 13.1 !

!

(11)

!"

CZ1, CZ2 and CZ4 are the first set of dummy variables. They are either 1 or 0. If data
are from climate zone 1 the dummy variable is equal to 1, and the other CZ2 and CZ4
are equal to 0, and the same for climate zone 2 and 4. If the data belong to climate zone
3, all of these dummy variables are equal to zero. Ctr1 and Ctr3 are another set of
dummy variables that represent the type of contract signed from the energy providers. If
the data derive from a 1 year contract, Ctr1 = 1 and Ctr3 = 0. If the data derives from a 3
year contract, Ctr3 = 1 and Ctr1 = 0. In the case of a variable contract, Ctr1 and Ctr3 are
equal to 0 and therefore not visible in equation 11. The same mechanics is behind the
dummy variables MFU and SFR20A.

4.1 Energy demand of Swedish residential buildings
The base scenario is the one with a single family residence with district heating in
climate zone 3 that has a variable contract. According to the method used, type of
contract that a customer has signed does not matter.
Climate zone 1 has a coefficient of -8.4 and since it is a dummy variable it can only be 1
if it is true or 0 if it is not true. That means that if the building is located in climate zone
1, -8,4 is added to the equation. This also means that the energy consumption is lower in
climate zone 1 than it is in climate zone 3 which is given by the general equation.
Climate zone 2 has a coefficient of 3.1. This means that dwellings in climate zone 2
generally has a higher energy consumption than dwellings in zone 3, and if we take a
closer look at the whole equation, dwellings in climate zone 2 has the highest energy
consumption.
Climate zone 4 has a coefficient of -5.4. When this dummy variable is true, the value 5.4 is added to the equation.
MFU has a coefficient of 39.7. This means that when this dummy variable is true it has
39.7 added to the equation. It also means that MFUs generally have a higher energy
consumption per square meter than single family residences with district heating.
SFR 20A has a coefficient of 8.5. When this dummy variable is true the value of 8.5 is
added to the equation.
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The Energy price has a coefficient of 0.1, which describes the effect the energy price
has on the end equation and on the implementation of energy efficiency measures in the
ö!"

Swedish building stock. If the Energy price of electricity is 60!"!, there would be a
coefficient of, 0.1 x 60 = 6 added to the equation at that point. It also means that if the
energy price is high, the energy consumption is also high.
District heating price has a coefficient of -1.2. This means that there is a negative
relationship between energy consumption and district heating. Contrary to the energy
price of electricity, if the district heating price increases, there is a reduction in the
temperature corrected energy consumption which means that there is an increase in
energy efficiency measures.
The Electrical certificate has a coefficient of 13.1. In addition to the positive coefficient
in equation 11, the inverse cubic root of the current variable for the electrical certificate
is used, in agreement with the explanation in the residual analysis section. To better
understand this relationship, Y =

!
!

!

, is shown in Figure 25.
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Figure 25 Visualization of Y =
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This means that an increase in electric certificate price for the end customer would
decrease the temperature corrected energy consumption. But the coefficient of 13.1 also
means that there is a positive relationship between the temperature corrected energy
ö!"

consumption and electrical certificate. If the price of electrical certificates is 1!!"!, the
contribution to the equation would be 13.1. If the electrical certificate increases above 1
there is a decreasing contribution, but it will never be zero or negative, unless the price
per certificate becomes an infinite number or a negative number, which is assumed to be
unlikely.
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Figure 26 displays the prediction in versus the real numbers for the temperature
corrected energy consumption.
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Figure 26 Prediction vs. Real numbers for energy consumption over the last 10 years.

This model has a R2-value of 0.82 and it can be seen in Figure 26 that the prediction and
real values follow each other well.
Figure 27 illustrates the difference in percent in a frequency diagram, showing the range
of deviation from the actual energy consumption.
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Figure 27 Frequency diagram, the amount of data points that fall into a certain percent of deviation
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Figure 27 show that the deviation is somewhere between -7% and 8% and that the most
common deviation ranks between -2% and 2%.

4.2 Energy consumption of studied building typologies
If building type did not have its own dummy variable, there would be a need to do three
different regression analyses. The result of these can be of interest if there is an interest
in studying a specific type of dwelling. Even if the main result take MFUs and SFRs
into account, individual results give a better perception of each object. Each of these
three calculations has been calculated with the same process as the main equation, with
correlation matrix and VIF-testing.
4.2.1 Multi-family units
Multi-family units can be explained by the following equation:
! = !339,12 + −6,45 !"1 + −2,35 !"2 + (−1,47)!"4 + 0,06!"
+ −111,1 log !" + (−0,43)!"
The equation for MFU alone, resembles the main equation for the three studied objects,
since it has the same significant predictors. Note the logarithmic transformation of DH,
according to section 3.5.4.
4.2.2 Single family residence 16A
SFR with a 16A fuse, can be explained by the following equation:
! = !210,35 + −12,55 !"1 + 9,74!"2 + −10,79 !"4 + −1,96 !"
+ (−0,65)!"
The big difference between the SFR 16A model and the main model is that the electric
energy price is not statistically significant and that there is no need to transform any
predictor due to non-random patterns of the residual.
4.2.3 Single family residence 20A
SFR with a 20A fuse, can be explained by the following equation:
! = !226,98 + −24,51 !"1 + −14,72 !"2 + −10,45 !"4 + −2,81 !"
+ (−14,84)log!(!")
With electrically heated single family residences there is a big difference, since the
predictor, district heating price, is deemed to not be relevant. This means that the
equation changes in character, grid fee is now significant without affecting the other
variables in a way that causes collinearity. Note the logarithmic transformation of EC
according to section 3.5.4.
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5. Discussion
There are numerous steps behind obtaining the end results, from collecting the data and
in most cases processing them to fit the scope of this project. As of this date there are no
studies that are similar to this thesis in the case of collecting data and building price
models with its basis in climate zones and doing the analysis on how each price model
affect energy efficiency measures. It is therefore not possible to compare results of this
work to corresponding results in the literature.
In this project the input of data have been surprisingly inconsistent. The same agency
presenting different results for the same year (mentioned in section 3.2) to some data
not being reported at all, like data for district heating from different counties. It is
therefore hard to know which one is the most correct, and an average value between the
two was used in those cases. Because of the nature of the calculations the results do not
represent one single building's energy efficiency measures but rather one climate zone
or the whole of the nation.
Using temperature corrected values is problematic, since they do not correspond well to
years with extreme type of weather, cold or warm. This can lead to inaccurate values,
and in this project the years of 2010 and 2014 have data for the energy consumption that
are probably not correct values and they do affect the end result.
Recommendations on further studies would be advised, possibly by organisations or
people who are in a position to get hold of more precise data. And with more man-hours
spent on such a project, more objects could be studied and there would be less of a
generalisation of certain data points. Especially for the energy consumption of current
buildings or, as in this study, for buildings that were completed from 2006-2015, there
would be much to gain in using actual data instead of Boverket's recommendations.
There are interesting points in proving significance between energy efficiency measures
and different pricing and geographical location. By this local representatives or
governmental officials can implement control measures to reach national targets set for
energy use in the Swedish building stock.
When selecting which variables to remove, there can be different ways to proceed.
Equation 11 is not the only equation of these variables that might explain the energy
consumption by the Swedish building stock, but when all of these variables are taken
into account, this is a well-suited equation.
When studying the frequency graph there is a maximum difference between the real
energy consumption and the prediction of about 8 %. That is a little bit over 10!

!"!
!!

in

some cases. It can be discussed if this is too much or not, but for a predicting model of
this kind it is acceptable.
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5.1 Other studies
When comparing previous studies, there are a few similarities, but also a few
differences. Lindgren and Nordtvedt [5] use regression analysis in the same context as
this thesis, energy pricing. The Swedish Energy Agency [3], explains that there will be
an increase in dwellings that use district heating from 2015 to 2025, because of the
relatively low price of district heating. There will also be a decrease in energy use
within this time period according to the Swedish Energy Agency. This is something that
the results presented in this project also point at; district heating prices have an impact
on dwellings regarding energy use.
Boverket mentions [2] that taxes have a big impact on the use of fossil fuels. This is
something that is not consistent with the results in this project. Fossil fuels are used in
district heating, and are mentioned as carbon dioxide tax. The results of this project
show that carbon dioxide tax is not statistically significant in terms of energy usage.
Conclusions could be drawn that this is two different things, but according to results
presented in this project, carbon dioxide tax has less influence than the district heating
price in general.
The biggest differences in this project compared to others are the studied objects. There
are predictions for future energy use from the Swedish building stock, mainly from the
Swedish Energy Agency, which is a governmental agency. Regression analysis is not
their method in obtaining their results. Neither do they categorize their studied objects
in the same way with climate zones. It is more common in similar reports to focus on
financial capacity instead of energy price.
In order to do a full comparison and perhaps learn from each other, it would be of
interest to see a thorough explanation of the calculations of Boverket and the Swedish
energy agency. But it can be assumed that this thesis could act as a good complement to
previous reports as it addresses the problem from a different point of view.

5.2 Comparison with other studies
The Swedish Energy Agency predicts that the energy use in the Swedish building stock
will decrease by 3 % over the years 2015-2025 [3]. The same report predicts that the
district heating price will increase by 11 % and that the electric energy price will
increase by 5.5 % from 2015 to 2025 [3]. When using the predictions from the Swedish
energy agency, on the main equation (11) of this thesis with the base scenario premises,
and the energy certificate variable fixed since there is no prediction reported for its
development, the energy use would decrease by 4.7 % from 2015 to 2025, i.e. more
than the 3 % mentioned above.
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6. Conclusion
The purpose of this project was to understand and quantify how different energy
prices influence the energy efficiency of buildings. This was done by first assessing
which variables the price from electrical- and district heating energy consisted of. These
variables were used as predictors in the regression model.
The regression analysis was conducted by using backward elimination, which is an
iterative process that helps assessing which variables that are statistically significant for
the model. The end result shows that there is a statistically significant equation that
explains the temperature corrected energy use, and therefore energy efficiency
measures, in the Swedish building stock from 2006-2015. This equation contained
the non-dependent variables;
•

Electric energy price

•

District heating

•

Electric certificate

District heating price has a negative correlation with the temperature corrected
energy use, which means that if the price of district heating increases the temperature
corrected energy use decreases. There were also dummy variables in the main equation
which was proven to be significant;
•

Geographical location, Climate zone

•

Type of building

This means that the temperature corrected energy use depends on where the building is
located and what type of building that is studied.
Three more in depth explanatory equations were derived, one for each studied
object. These equations differed a bit from the main equation but all three had one
variable that had a negative coefficient;
• District heating price for multi-family units
• District heating price for single family residences with a 16A fuse
• Grid fee for single family residences with a 20A fuse
Predictions of how future energy efficiency measures are going to be implemented can
be performed by assuming pricing of the statistically significant predictors. This means
that there is a possibility of affecting the implementation of energy efficiency measures
from governments or local representatives by affecting the pricing of the predictors.
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Further studies are recommended to achieve more depth of the results or to do similar
calculations with more accurate data points and with a broader time span to ensure the
quality of the predicting equation. Predictions of the energy price have been done, and
how this could affect the economical aspects of energy efficiency measures. If
further studies were done on the aspect of predicting energy efficiency measures or
explaining what causes them, there could be a powerful tool for governments or
local officials when trying to predict the outcome of energy use in the Swedish building
stock. It would be interesting to investigate how the price would have to evolve in order
to reach certain national goals, such as the 20-20-20 goals.
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