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Summary 

Energy efficiency measures in buildings are considered to have great potential 
in order to reduce total energy consumption, and thus contribute to a reduced 
environmental impact and a better climate. In Sweden, however, the energy 
performance requirements for buildings are formulated in terms of bought en-
ergy, i.e. as bought electricity and district heating (DH), which does not al-
ways reflect the environmental and climate impact from a broader perspective. 
Focusing on bought energy means that many choose an electricity-based heat 
pump solution in their building instead of DH, since heat pumps result in a 
smaller amount of bought energy compared to DH. 

The surrounding energy system of the buildings is affected by the choice 
of energy carriers used for heating. How the energy system is affected is stud-
ied in this thesis using two different methods. In the first part, primary energy 
consumption has been calculated for a simulated building with different heat-
ing solutions, representing different electricity and DH demands. In the sec-
ond part, the impact on total consumption in the surrounding power and DH 
networks due to different market shares of electricity-based heating and DH 
has been studied. The second part also includes an analysis of the potential to 
produce electricity using combined heat and power (CHP) in different scenar-
ios depending on the market share of DH. This part has been carried out as a 
case study for the Swedish municipality of Falun. 

The results show that the choice of energy carrier has a great influence on 
primary energy consumption. The resulting primary energy consumption 
does, however, to an even greater extent depend on the calculation method 
used. Which heating solution, and thus also which energy carrier, gets the 
lowest primary energy consumption varies in the different methods. 

The surrounding power and DH networks are also affected to a great extent 
by the choice of energy carrier. There is a huge potential to lower peak demand 
in the power grid by avoiding electricity-based heating. The potential to pro-
duce electricity using CHP is also increased with a larger market share for DH. 
In Falun, reduced electricity demand and increased electricity production us-
ing CHP make it possible to cover the peak power demand using only elec-
tricity production from CHP. In comparison, 10 % of the peak power demand 
was covered by electricity from CHP in 2015. 

The choice of energy carrier for heating in buildings affects the surrounding 
energy system to a high degree, and is therefore an important aspect to take 
into account in both local, national and global energy efficiency projects.  



 

 

Sammanfattning 

Energieffektivisering i bostäder anses ha en stor potential för att minska den 
totala energianvändningen och därmed bidra till mindre miljöpåverkan och ett 
bättre klimat. I Sverige är dock energiprestandakraven för byggnader formu-
lerade i termer av köpt energi, d.v.s. som köpt el och fjärrvärme, vilket inte 
alltid speglar miljö- och klimatpåverkan ur ett större perspektiv. Fokus på den 
köpta energin gör att många väljer en elbaserad värmepumpslösning i sin 
byggnad istället för fjärrvärme, då värmepumpar resulterar i en mindre mängd 
köpt energi jämfört med fjärrvärme. 

Byggnadernas omkringliggande energisystem påverkas av valet av energi-
bärare som används till uppvärmning. Hur energisystemet påverkas har i 
denna avhandling studerats med två olika metoder. I den första delen har pri-
märenergianvändningen beräknats för en simulerad byggnad med olika upp-
värmningslösningar som representerar olika el- och fjärrvärmebehov. I den 
andra delen har det studerats hur den totala förbrukningen påverkas i de om-
kringliggande el- och fjärrvärmenäten beroende på olika marknadsandelar av 
elbaserad uppvärmning och fjärrvärme. I den andra delen studerades också 
potentialen för att producera el med hjälp av kraftvärme för olika scenarier 
avseende fjärrvärmens marknadsandel. Denna del har gjorts som en fallstudie 
för Falun. 

Resultaten visar att valet av energibärare har stor påverkan på primärener-
gianvändningen. Dock beror den resulterande mängden använd primärenergi 
till ännu större del på valet av beräkningsmetod. Det varierar mellan olika me-
toder vilken uppvärmningslösning och därmed även vilken energibärare som 
ger den lägsta beräknade primärenergianvändningen. 

De omkringliggande el- och fjärrvärmenäten påverkas också i hög grad av 
valet av energibärare. Den finns en stor potential att minska toppeffektbehovet 
i elnätet genom att välja bort elbaserad uppvärmning. Med en högre andel 
fjärrvärme ökar också potentialen att producera el med kraftvärme. I Faluns 
fall skulle det minskade elbehovet och den ökade elproduktionen med kraft-
värme göra det möjligt att täcka toppeffektbehovet i elnätet med endast elpro-
duktionen från kraftvärme. Som jämförelse täckte man 2015 ca 10 % av top-
peffektbehovet med el från kraftvärme. 

Valet av energibärare för uppvärmning i byggnader påverkar det omkring-
liggande energisystemet i hög grad och är därför en viktig aspekt att ta hänsyn 
till i både lokala, nationella och globala energieffektiviseringsarbeten. 
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Nomenclature 

DH District heating 
CHP Combined heat and power 
COP Coefficient of performance 
EED Energy efficiency directive 
EPBD Energy performance of buildings directive 
HOB Heat only boiler 
HP Heat pump 
PEF Primary energy factor 
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1 Introduction 

The world’s total energy supply has increased by almost 100 % between 1971 
and 2013 according to the International Energy Agency’s Key World Energy 
Statistics 2015 [1]. 81 % of the energy supply in 2013 was from fossil fuels 
(coal, oil, natural gas). The share of fossil fuels has decreased since 1973 (87 
% in 1973). However, with a 100 % increase in total supply, fossil fuel use 
has still increased in absolute terms. [1] 

The use of fossil fuels is the main cause of anthropogenic carbon dioxide 
emissions which contribute to global warming. Emissions contributing to 
global warming, greenhouse gases (GHG), have never been higher. Climate 
change affects us all with its impact on environmental systems. Global warm-
ing, more extreme weather, sea acidification which affects marine life, dimin-
ishing snow and ice sheets, and raising sea level are some examples of how 
the natural system is affected. If not dealt with, these climate changes might 
become irreversible. [2] 

The European Union (EU) has set its own targets regarding GHG reduc-
tions. The newest targets are found in the “2030 climate & energy framework” 
with targets for 2030 regarding not only the reduction of GHG (a 40 % reduc-
tion compared to 1990s level) but also an increased share of renewable energy 
(at least a 27 % share) and improved energy efficiency (at least a 27 % im-
provement). To reach the EU targets, several directives have been put in place. 
Among them are the Energy Efficiency Directive (EED) and the Energy Per-
formance of Buildings Directive (EPBD). The purpose of the EED is to estab-
lish a common framework to promote energy efficiency in order to reach the 
energy efficiency goal. It is stated in the EED that the building stock is the 
single largest potential for energy efficiency, and it is therefore important to 
take action and reduce the energy demand in this sector [3]. The residential 
and service sector accounts for about 40 % of the final energy consumption in 
the EU [4]. The EPBD [5] sets up requirements regarding the energy perfor-
mance of buildings that member states in the EU shall introduce. The levels 
of the energy performance of buildings is up to each member state to decide. 

The Swedish energy performance levels for buildings have been, and are 
still, highly debated in Sweden, mostly because they are based on the bought 
energy supplied to the building. Two identical buildings, with exactly the 
same heating demand, can have different amounts of supplied energy depend-
ing on the heating system and thereby also the chosen energy carrier. If, for 
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example, a heat pump (HP) is chosen, the bought energy, in this case electric-
ity, would be less than if district heating (DH) is chosen, this since an HP 
makes use of ambient heat as well. Taking into account the heating system in 
the energy performance of buildings, even though the lifetime of heating sys-
tems is way less than the lifetime of the buildings and is therefore likely to 
change over the building’s lifetime, is one of the things questioned.  

Having a wider system perspective than just bought energy should be pre-
ferred when evaluating the potential for energy efficiency in the building sec-
tor, in order to contribute to overall EU and global environmental goals. 

1.1 Previous research 
One way to consider a wider system perspective is to analyze the primary en-
ergy demand instead of the final energy demand or the bought energy of a 
building. Primary energy is the energy needed when the whole energy chain 
is considered, from the extraction of natural resources to final use (including 
losses due to extraction, processing, transport and conversion). The definition 
in the EPBD reads “energy from renewable and non-renewable sources which 
has not undergone any conversion or transformation process” [5].  

Literature reviews done in two articles show that energy performance re-
sults of buildings are occasionally presented in terms of primary energy and 
occasionally in terms of final energy (133 cases were studied in total, if pos-
sible duplicates are excluded) [6,7]. Furthermore, the impact of different heat-
ing systems and energy efficiency measures with respect to primary energy 
has been analyzed in [8–18]. One shared conclusion is that the type of heating 
system strongly influences total primary energy use and that it is therefore 
important with a wider system perspective when evaluating different 
measures, taking for example the energy supply system into account [8–
11,13,14]. Another study shows that expansion of DH in Europe would 
achieve the same reductions in primary energy supply and carbon dioxide 
emissions as other scenarios presented by the European Commission, but at a 
lower cost [19]. 

Most of the papers [8–18] calculated primary energy using a piece of soft-
ware that takes the whole energy chain into consideration (natural resource 
extraction to final energy supply) [8–14]; a few calculated the primary energy 
using primary energy factors (PEFs), a ratio between primary energy and final 
energy used to calculate the primary energy use from the final energy use, 
from other sources [15–17]; and one used their own calculated PEFs [18]. Us-
ing a piece of software requires a lot of assumptions regarding input such as 
efficiencies, losses along the whole chain, and the system boundaries. These 
assumptions are also made indirectly when choosing PEFs. Only one of the 
articles mentioned above in this paragraph used different assumptions (differ-
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ent PEFs) regarding the primary energy calculation, [17], and one of the con-
clusions in that article is that the results in the form of primary energy use is 
greatly affected by these assumptions. 

Wilby et al [20] have analyzed how PEFs are used. The literature review 
shows that out of a total of 30 references, 10 use PEFs with no reference to 
any standard, legislation, or method of calculation, 17 use PEFs from stand-
ards/national legislations, and 3 references use software tools to generate their 
own PEFs. Three different primary energy calculation methods used by the 
Engineering Information Administration, International Energy Agency and 
Working Group III of the Intergovernmental Panel on Climate Change are 
addressed by Lightfoot [21]. One of the conclusions is that the main difference 
in the PEFs is how nuclear power and renewable sources are valued. Compar-
ing the methods giving the highest and lowest values for each primary energy 
source, nuclear power is valued 4 times higher in one method, combustibles 
(including biomass and municipal waste) is valued 12 times higher, and hy-
dropower is valued 3 times higher. 

Another way of considering a wider system perspective is to look at how 
connected systems affect each other. For buildings, this would mean how they 
affect the surrounding energy system in the form of the electricity and DH 
systems. The electricity and DH systems interact not only through the build-
ings, but directly with each other as well. Electricity is used in DH production, 
and electricity is produced in combined heat and power (CHP) plants. 

The research program North European Power Perspectives [22] has identi-
fied eight challenges from having a high share of intermittent power. These 
challenges can be divided into four groups: enough power capacity, enough 
balance/regulating ability, enough transmission capacity, and sufficient re-
sistance at disturbances. There are several solutions to all of these challenges, 
and the real challenge is to get the solutions in place. The variations in wind 
power can for example be lowered through geographical allocation of the 
wind power sites [23,24], or through increased transmission capacity [25]. De-
mand flexibility is another solution. The potential for demand flexibility in 
Sweden is estimated at 4 GW (15 % of the highest power demand in January 
2016), where the industry and residential sectors stand for 2 GW each. A Swe-
dish study has identified where DH can help to solve the challenges in the 
energy system from a high share of intermittent power [26]. It is identified 
that DH could contribute with inertia, load balancing, surplus situations, trans-
mission capability, access to peak load capacity, and flexibility in controllable 
generation and demand. 

Nordic hydropower (mainly in Sweden and Norway) is already well suited 
today to balancing a power system with a high share of intermittent produc-
tion. This is due to the high power capacity and high production flexibility 
[25]. Another reason why hydropower has such a good balancing capability 
in Sweden is because nuclear power covers the base load, allowing for more 
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liberated hydropower capacity [25]. If nuclear power were to be decommis-
sioned, the balancing ability of hydropower could however be reduced mainly 
during the winter period [27]. 

Other studies have also shown that DH based on CHP makes it easier to 
integrate more intermittent power into the power system [28,29], and that the 
expansion of DH could increase the security of supply of future energy sys-
tems [30,31]. 

1.2 Aim and objective 
The demand side in the energy system, i.e. in this case the buildings, is an 
essential part of the energy system. DH and electricity demand in buildings 
affect the surrounding systems. The aim of this thesis is to get a better under-
standing how the demand side interacts with the surrounding energy system. 
This is done by analyzing two possible impacts on the surrounding energy 
system due to different DH and electricity demands in buildings. 

Firstly, the primary energy consumption is analyzed for a building. Differ-
ent heating and ventilation systems are simulated corresponding to different 
DH and electricity demands. This part also includes an analysis of different 
methods used to calculate primary energy use using bought energy. 

Secondly, how the DH and electricity demand of buildings affects the sur-
rounding DH network and electricity grid is analyzed. This is done in a case 
study in two stages in order to get a better understanding of how the different 
parts of the energy system interact with each other. The first step is to map the 
current situation, and the second is to create future scenarios for the heat and 
electricity demands of the buildings and see how the surrounding systems 
could be affected. The focus is on peak demand, even if the annual energy 
demand is analyzed as well. 

1.3 Scope/limitations 
Different heating systems are used to represent different proportions regarding 
DH and electricity demand in buildings. The main focus is on how the sur-
rounding energy system is affected when the energy demand of buildings 
shifts from electricity to DH, and the other way around. That is why only a 
few different types of heating systems are considered. 

Regarding the primary energy evaluation, a limited number of calculation 
methods are considered as well. The primary energy calculation methods cho-
sen are selected based on how common they are in Sweden.  
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The data used is a mix of simulated results, and consumption and produc-
tion data obtained from the local energy company. In the primary energy anal-
ysis in Paper I, a simulated building is used, but the DH production data comes 
from a current system in the Swedish municipalities of Falun and Borlänge. 

The mapping done in the second part, Paper II, and the future scenarios 
analyzed in Paper III are conducted for one Swedish medium-sized munici-
pality, Falun. Real production and consumption data are used for the mapping, 
whereas assumed production and consumption data are used in the future sce-
narios. The surrounding energy system with a DH network and the electricity 
grid look, however, the same for most other municipalities in Sweden. Also, 
the share of heating systems and the consumption profile of the buildings are 
similar to the whole of Sweden. The results from this part are very general, 
and should therefore follow the same principle in other municipalities in Swe-
den as well, and in other countries similar to Sweden with a high share of 
electricity used for heating. 

Future development of new technologies and products are not included. 
The medium technology level in the future scenarios is assumed to be equal 
to the top technology level on the market today. Nor are economic aspects 
considered.  
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2 Background 

When analyzing the heating system in buildings with a wider system boundary 
than the building itself, knowledge of the surrounding energy system is im-
portant. The surrounding energy system in Sweden, for most buildings, con-
sists of both the power grid and a DH network. Almost 50 % of final energy 
use in the Swedish residential and service sectors is covered by electricity. DH 
only covers just over 30 %. Even though DH covers only 30 % of the demand, 
the residential and service sectors stand for 80 % of total DH consumption 
[32]. 

This thesis is based on case studies for the Swedish municipality of Falun. 
Falun is a medium-sized municipality in the middle of Sweden with almost 
60 000 inhabitants. The population has increased by an average of 0.3 % per 
year over the last 15 years [33]. In the most recent statistics from 2014, elec-
tricity covered 49 % of final energy consumption in the service and residential 
sectors, while DH covered 36 %. In the yearly statistics regarding consump-
tion and production in Falun, data is used for the period February 2015 to 
January 2016. The reason why a calendar year was not used is because January 
2016 was a very cold period which is desirable to have in the analysis. 

DH is briefly explained in Section 2.1, with both general information about 
DH and more specifics about the systems in Sweden in general and Falun in 
particular. The power system is explained briefly in Section 2.2 with infor-
mation about both the Swedish system and the local system in Falun. A short 
background about primary energy and primary energy calculation methods is 
found in Section 2.3. 

2.1 District heating 
District heating (DH) is a technology with centralized heat production where 
the heat is distributed through a network of pipelines to end users, and where 
the most common energy carrier is water. One (or a few) large production 
units provide higher efficiency than individual boilers for each end user. It is 
possible to use lower valued resources such as municipal waste and bulky re-
sidual biomass from the forest industry in a large production unit, which 
makes total energy system efficiency higher. Producing both heat and elec-
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tricity in a combined heat and power (CHP) plant will increase resource effi-
ciency further. DH also makes it possible to distribute and utilize excess heat 
from other processes.  

2.1.1 District heating in Sweden 
DH fuel input in Sweden from 1970 until 2014 is presented in Figure 1. As 
seen, Sweden has increased DH production since 1970, and at the same time 
replaced most of the fossil fuels with biomass, waste heat, heat pumps and 
municipal waste (which is partly included in “other fuels”) [32]. The residen-
tial and service sectors stand for 80 % of the DH consumption (the remainder 
is used by industries and in distribution losses) [32]. 40 % of the DH in Swe-
den is produced using CHP [34]. 

 
Figure 1. Yearly input energy used in the production of district heating in Sweden, 
from 1970 to 2014. Data source: Energy in Sweden 2016 [32] 

2.1.2 The district heating system in Falun 
DH in Falun consists of four networks with annual deliveries of heat around 
300 GWh, where the main network accounts for 95 % of the total delivery. 
The base load in the main network is covered by two biomass-based CHP units 
with a total heat capacity of 60 MW (including flue gas condensation), and a 
power capacity of 17 MW. The peak load is covered by biomass-, liquefied 
petroleum gas- or oil-based heat-only boilers (HOBs). The total peak/reserve 
capacity in the main network is 124 MW (27 MW biomass, 24 MW liquefied 
petroleum gas, 73 MW oil). The three smaller networks have HOBs, where 
the main boiler is biomass-based in all three networks with either oil only, or 
oil and electricity boilers as back-up. The total capacity in the smaller net-
works is 12 MW. The main network in Falun is also connected to the main 
network in the neighboring municipality, Borlänge, where DH is mainly based 
on municipal waste CHP and excess heat from industries. Heat delivery from 
the neighboring municipality reduces the need for peak production in Falun. 
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DH production for the main network in Falun for one year (February 2015-
January 2016) is presented in Figure 2. As seen, the base units are the two 
CHP units and their flue gas condensation, and the peak demand for the year 
was 122 MW (daily average - the highest hourly average was 133 MW). De-
livery from the network in the neighboring municipality, the purple surface in 
Figure 2, reduces the need for peak production during the winter peaks up to 
a point where the demand is so high so all the capacity in the neighboring 
municipality is needed by themselves (see the high peaks to the right in the 
figure). 

 
Figure 2. Daily mean district heating consumption in Falun for one year (February 
2015 to January 2016), divided into different production units and imports. 

2.2 Power system 
The power systems consist of consumers, production units and the distribution 
system in between (the power grid). The production can be based on either 
renewable sources, fossil fuels, or nuclear power, and can be either intermit-
tent or controllable. Wind and solar power, which are renewable and have in-
creased a lot over the last years, are examples of intermittent production. 

2.2.1 The Swedish power system 
Electricity production in Sweden consists of mainly hydropower and nuclear 
power, around 40 % of annual production each. The remaining production 
consists of thermal power and wind power. Wind power is the part that has 
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increased the most over the last years, from 2 % of annual energy production 
in 2010 to 8 % in 2014 [35]. Looking at the installed capacity, wind power is 
also the one that has increased the most the last 10 years. From 2004 until 
2014, the installed wind power capacity has increased 12-fold; hydropower 
and nuclear power capacities are roughly the same; CHP has a 40 % increase, 
while other types of thermal power have a slightly decreased installed capacity 
[32]. Solar power still has a very small share in Sweden. Only 0.1 % of elec-
tricity production in the electricity certificate system was from solar power in 
2014 [32]. 

Annual electricity consumption in Sweden is weather-dependent due to a 
lot of electricity used for heating, and has over the past years (2010-2014) 
been 134-147 TWh, just over 50 % of the electricity is used in the household 
and service sector. Almost 40 % is used by industries and the remainder com-
rpise is distribution losses. Total production has been 145-162 TWh which 
means that Sweden is an annual net exporter of electricity. However, as can 
be seen in Figure 3, showing total electricity consumption in Sweden during 
one winter month (January 2016) divided into the different main production 
types including imports (negative values imply an export of electricity to 
neighboring countries), Sweden imports electricity during peak consumption 
- see the black areas. 

 
Figure 3. Total electricity consumption in Sweden for one month (January 2016) di-
vided into production source and import. The negative values imply export. Data 
source: Svenska Kraftnät (the Swedish transmission system operator) 

Figure 4 shows annual electricity consumption together with production from 
thermal and wind power. Wind power production does not follow the demand 
curve (consumption) due to the fact that wind power is intermittent, i.e. de-
pendent on the wind blowing. Therefore, there is no guarantee that wind power 
produces electricity when it is needed the most. Observe for example the con-
sumption peaks furthest to the right in Figure 4 where wind power production 
is low. Thermal power does, however, follow the consumption profile to a 
high degree, with more production when there is higher consumption. 
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Thermal power in Sweden consists of mostly CHP (97-98 % in 2010-2014) 
where the heat from electricity production is distributed to customers in a DH 
network. Electricity production in CHP plants is, therefore, limited by DH de-
mand. DH demand is, naturally, higher during winter, which is also when the 
electricity demand is highest, i.e. CHP produces more electricity when more 
electricity is needed. 

 
Figure 4. Hourly values for electricity consumption (right axis), wind power produc-
tion and thermal power production (left axis) during one year in Sweden (February 
2015 to January 2016). Data source: Svenska Kraftnät (the Swedish transmission sys-
tem operator) 

Discussions regarding the future of nuclear power in Sweden are ongoing. 
Recently, the owners of two of the three nuclear power plants in Sweden an-
nounced that they plan to shut down reactors corresponding to around 30 % 
of the nuclear power capacity in Sweden in the years 2017-2020 [36,37] 
(around 8 % of the total current installed capacity). In the latest political agree-
ment regarding Sweden’s long-term energy policy [38], the goal is to have a 
100 % renewable electricity system in 2040. The shortfall from the decom-
missioning of the remaining nuclear power that would be needed in order to 
achieve the goal would have to be replaced by some other power source. Re-
placing it with fast-developing intermittent wind power comes with many 
challenges, as described in Section 1.1. Decommissioning of nuclear power 
would also lower the balancing/regulating capability of hydropower, which is 
needed more and more with a higher share of intermittent production. 

Future electricity consumption in Sweden is analyzed in different scenarios 
by NEPP [39]. Annual consumption together with peak power demand is as-
sumed to increase in the reference scenario, even though the electricity used 
for heating is assumed to decrease. Electricity-based heating is, however, as-
sumed to take market share from DH. Lower heating demand together with 
more efficient electricity-based heating results in a decreased use of electricity 
for heating, even though the market share is assumed to increase. The same 
DH market share as today would then reduce electricity consumption, and a 
higher market share of DH would reduce it even more. 
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2.2.2 The power system in Falun 
Annual electricity consumption in Falun has, for the last seven years (2009-
2015), been between 520 GWh and 600 GWh. The highest hourly consump-
tion during the last years was 135 MW, and occurred in January 2016 which 
is why the year used in this thesis is February 2015 to January 2016, and not 
a calendar year. The total installed capacity in Falun is 125 MW, of which 97 
MW is wind power. 

Figure 5 shows, to the left, daily average electricity consumption during 
one year in Falun divided into production type and imports. It can clearly be 
seen that wind power is unpredictable in contrast to the other production 
sources (hydropower and CHP). To the right in Figure 5 is the hourly average 
consumption for the week containing the highest daily average (including the 
highest consumption hour). Here, it is even clearer how unpredictable wind 
power is with wind power producing almost 80 MW, and then decreasing to 
almost 0 MW in a few hours (see the second peak in the right-hand graph).    

 
Figure 5. Daily average consumption for one year (February 2015 to January 2016) 
together with hourly average consumption during the week with the highest con-
sumption, divided into production type and imports. 

2.3 Primary energy 
The methods used to calculate primary energy differ between sources depend-
ing on assumptions such as system boundaries, marginal or mean values, and 
how different fuels are valued. One common way is to use primary energy 
factors (PEFs), which are defined as the ratio between primary energy con-
sumption and final energy consumption. Indicators based on PEFs should be 
included in the energy performance of a building, according to the EPBD, and 
the PEFs used may be based on either national or regional values [5]. 

There are, however, no internationally-agreed values for the PEFs, which 
means that the results for one building differ depending on the values used. 
The different results from using different PEF values are illustrated in Figure 
6 where primary energy consumption is calculated for a building before and 
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after a change of main energy carrier from DH to electricity (the change de-
creased final energy consumption by almost 40 %). The PEFs for the energy 
carriers used in the building varied between 0 and 1.5 for DH, and between 0 
and 3.0 for electricity, which is within the range of what is commonly recom-
mended in Swedish literature. The resulting primary energy consumption is 
seen as the two intersecting planes (blue-before the change, red-after the 
change). It is clear from the intersection that the value of the PEFs determines 
whether or not the change of main energy carrier results in lower primary en-
ergy consumption or not.  

 
Figure 6. Primary energy consumption for a building calculated for a range of 
PEFs regarding DH and electricity, before and after a change in the main energy 
carrier from DH to electricity. 
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3 Methodology 

Different methods have been used to analyze the two different issues in this 
thesis in order to get a better understanding of how buildings’ DH and elec-
tricity demand affects the surrounding energy system. 

Firstly, primary energy consumption is calculated for a simulated building. 
Different DH and electricity demand is exemplified by simulating three dif-
ferent heating and ventilation systems (Paper I). Common primary energy cal-
culation methods are used and analyzed. The methodology regarding primary 
energy is described in Section 3.1. 

Secondly, how the surrounding DH network and electricity grid is affected 
by different DH and electricity consumption in buildings is analyzed. This is 
done in a case study by first mapping the current situation (Paper II), and then 
analyzing future scenarios regarding buildings’ DH and electricity demands 
(Paper III). This methodology is described in Section 3.2.  

3.1 Primary energy methodology 
The primary energy consumption of a simulated building with three different 
heating and ventilation systems is calculated using PEFs for DH and electric-
ity to convert the DH and electricity demand to primary energy.  

Final energy use of the three different heating and ventilation systems of a 
building was simulated using TRNSYS 17 [40]. The building and the resulting 
final energy use are described in Section 3.1.1. 

Different methods and different assumptions were used in order to calculate 
the PEF for DH. The different methods have their own PEF for electricity 
already defined. The different methods and assumptions result in a total of 16 
different combinations of PEFs for DH and electricity. These 16 different 
PEFs were then used to calculate the primary energy consumption of the sim-
ulated building. The methods and assumptions are described in Section 3.1.2. 

3.1.1 Building 
The simulated building is a multi-family residential building with a heated 
area of 4 700 m2, and space heating and domestic hot water demands of 107.3 
kWh/m2,year and 24.7 kWh/m2,year respectively. Three different heating and 
ventilation systems were simulated for the building: 
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A. District heating, mechanical exhaust ventilation 
B. District heating, balanced mechanical ventilation with heat recovery 
C. District heating, mechanical exhaust ventilation, exhaust air heat pump 

 
DH is the only heat supply for system A. DH is still the main heat supply in 
system B, but DH demand is decreased since a heat recovery unit is placed in 
the ventilation system. The incoming air is thus heated with the outgoing air, 
reducing space heating demand. In system C, an exhaust air heat pump (HP) 
is added instead of a heat recovery unit in the ventilation system. This reduces 
DH demand both for space heating and domestic hot water. The resulting final 
energy use for the three systems is seen in Table 1. The lowest final energy 
use is for system C, which is due to reduced DH demand even though elec-
tricity demand is increased.  
Table 1.DH and electricity demand for three simulated heating and ventilation sys-
tems A-C.   

 A B C 
Total final energy use [kWh/m2,year] 142 115 99 

DH [kWh/m2,year] 138 107 82 
Electricity [kWh/m2,year] 4 8 17 

3.1.2 Calculation of primary energy use 
For the PEF for DH, different assumptions are made regarding fuel use in the 
DH system, allocation in CHP plants between the heat and electricity, and 
allocation between the energy system and the waste management system in 
the case of municipal waste as fuel. Also, two different sources are used re-
garding PEFs for the different fuels.  

The two different DH systems considered are based on biomass and mu-
nicipal waste, respectively. These two systems are based on the actual systems 
in Falun and the neighboring municipality of Borlänge, which means that 
HOBs to cover the peaks are included, as well as the CHP plants that cover 
the base and intermediate loads. 

The two different sources regarding PEF for different fuels are VMK 
(Värmemarknadskommittéen, a Swedish working group with representatives 
from the Swedish District Heating Association and the real estate sector) [41] 
and SIS (Swedish Standards Institute) [42]. For municipal waste, these two 
sources have the same PEF, so instead of VMK a report by Gode et al. [43] is 
used with a different view on primary energy content in municipal waste and 
losses in the energy chain. Part of the peak DH production is assumed to be 
covered by oil-boilers, which is why SIS is still used as a PEF source for the 
cases with municipal waste as the main fuel. 



 

15 

Both VMK and SIS recommend the “Alternative” method to be used when 
allocating energy use in CHP plants, which is why that method is one of the 
two allocation methods in this study. The other method used in this study, the 
“Energy method”, is used by Statistics Sweden, and in statistics from the Swe-
dish Energy Agency.  

The allocation between the energy system and the waste management sys-
tem is only applicable to the cases with municipal waste-based DH. A com-
mon way is to allocate 100 % resource use to the energy system, whereas the 
Swedish Waste Management and Recycling Association suggest another allo-
cation based on economic factors [44]. They suggest that 58.7 % of the re-
source use (and emissions) are allocated to the energy system. These two dif-
ferent allocations are used. 

The PEF source regarding electricity is the same source as the one for the 
fuels in the DH system (called VMK & SIS). Combinations of all these as-
sumptions result in 12 different sets of PEFs for final energy, DH and elec-
tricity. Another four national sets of PEFs regarding DH and electricity are 
used to calculate primary energy use as well. The national sets included are 
country-specific PEFs from national building codes and similar figures for 
Finland [45], Denmark [46] and Norway [47]. Also, a European average (av-
erage for the 17 countries included in [47]) PEF set is included for comparison. 

In total, 16 different sets of PEFs are used to calculate the primary energy 
use of the simulated building with the three different heating and ventilation 
systems. All of these PEF sets are summarized in Table 3. 

The resulting PEFs for the 16 different sets using the methods described 
above are seen in Table 2. The PEF for DH varies between 0.04 and 1.5, and 
the PEF for electricity varies between 1.30 and 2.6. The ratio between the PEF 
for electricity and the PEF for DH varies between 1 and 61 for the 16 different 
sets.  
Table 2. The resulting PEFs for DH and electricity for the 16 different sets of as-
sumptions/methods used. 

 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

DH 0.04 0.05 0.79 0.99 0.05 0.06 0.03 0.04 0.50 0.67 0.30 0.39 0.70 0.80 1.50 1.20 

Elec-
tricity 2.36 2.36 1.63 1.63 1.63 1.63 1.63 1.63 1.63 1.63 1.63 1.63 1.70 2.50 1.30 2.60 

Ratio 
el./DH 61 50 2 2 35 27 53 42 3 2 5 4 2 3 1 2 
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Table 3. An overview of the assumptions made for the 16 different sets of PEFs for 
DH and electricity.  

Set DH system PEF 
source 
DH 

PEF 
source 
electricity 

Allocation 
CHP 

Allocation 
waste 

1 Bio VMK VMK Alternative - 

2 Bio VMK VMK Energy - 

3 Bio SIS SIS Alternative - 

4 Bio SIS SIS Energy - 

5 M. waste SIS SIS Alternative 100 % 

6 M. waste SIS SIS Energy 100 % 

7 M. waste SIS SIS Alternative 58.7 % 

8 M. waste SIS SIS Energy 58.7 % 

9 M. waste Gode + 
SIS 

SIS Alternative 100 % 

10 M. waste Gode + 
SIS 

SIS Energy 100 % 

11 M. waste Gode + 
SIS 

SIS Alternative 58.7 % 

12 M. waste Gode + 
SIS 

SIS Energy 58.7 % 

13 - Finland Finland - - 

14 - Denmark Denmark - - 

15 - Norway Norway - - 

16 - Europe Europe - - 
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3.2 Buildings’ impact on the surrounding energy 
system 

How buildings with different heat and electricity demands affect the surround-
ing energy systems, such as the DH system and the electricity grid, is investi-
gated by analyzing a case study in two stages. The first stage is a mapping of 
the current situation which is described in Section 3.2.1. The second stage is 
an analysis of future scenarios regarding different market shares of DH and 
electricity-based heating in the building sector, which is described in Section 
3.2.2. The municipality of Falun in Sweden is used as a case study. 

3.2.1 Mapping of the current situation 
The mapping of the current energy system in Falun (Paper II) is based on 
hourly values regarding electricity and DH consumption and production for 
one year (February 2015 to January 2016). The time period is chosen as it 
contains the hour with the highest consumption and production in the available 
historical data. 

The total heat market is constructed with current DH consumption as its 
base. The heat market today not covered by DH is identified by analyzing DH 
consumption on individual levels for similar buildings, and by analyzing elec-
tricity consumption on a building level. For detached houses, the mean DH 
consumption for houses connected to the DH system is scaled up to the total 
number of detached houses in Falun. For buildings other than detached 
houses, the heat market is constructed by analyzing electricity consumption. 
If the consumption has a seasonal variation, it is assumed to be used for heat-
ing and added to the heat market. 80 % of the consumption during the summer 
period is, however, assumed to be constant over the year and subtracted from 
the heat market. 

Mapping of the electricity consumption used for heating for larger build-
ings is carried out in the same way as above, by analyzing individual con-
sumer’s electricity consumption. Hourly values regarding electricity con-
sumption in detached houses is, however, not available. National statistics re-
garding heating systems in detached houses [48] together with assumptions 
regarding the technical performance of HPs are used in order to calculate elec-
tricity consumption in detached houses that is used for heating purposes. It is 
assumed that ground source HPs have a COP value of 3, while the COP of air 
source HPs is dependent on the outdoor temperature according to the Carnot 
equation, scaled so that COP equals 2.2 at -15°C (according to national tests 
of both ground source HPs [49] and air source HPs [50]). It is also assumed 
that ground source HPs are dimensioned to cover 65 % of the maximum mo-
mentary heating demand, while air source HPs are dimensioned to cover 50 
% of the maximum momentary heating demand (based on current recommen-
dations [51–53]). 
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3.2.2 Future scenarios for 2050 
The future scenarios (Paper III) are calculated for the year 2050, and are based 
on the current situation (Paper II). The current heat market volume in Falun is 
recalculated for different future scenarios based on the lowest and highest sce-
nario according to a research project regarding the Swedish heating market 
[54]. The scenario with the lowest heat market volume is called slow develop-
ment (SD), and the scenario with the highest heat market volume is called 
more energy efficient buildings (MEEB). 

Three future heat market share scenarios regarding DH, electricity-based 
heating and others are constructed. The first heat market share scenario uses 
the same market shares as the current situation, called current mix (CM). The 
second scenario is a scenario with a large share of electricity-based heating, 
called large share of electricity-based heat (LSEL). The third scenario is a 
scenario with a large share of DH, called large share of DH (LSDH). The 
shares used for the different scenarios are shown in Table 4. 

Assumptions regarding the electricity based heating covering parts of the 
heat market is needed in order to analyze the electricity consumption. HPs are 
assumed to cover the whole electricity based heating, with a COP of 5 and 
dimensioned to cover 100 % of the maximum momentary heating demand. 
These values are based on what is currently on the market [55]. 
Table 4. Heat market shares of district heating, electricity-based heating and others 
for three future heat market scenarios: CM – current mix, LSEL – large share of 
electricity-based heat and LSDH – large share of district heating. 

 CM LSEL LSDH 
District heating 50 % 15 % 80 % 
Electricity based heating 35 % 80 % 15 % 
Other 15 % 5 % 5 % 
 
Combinations of the two heat market volume scenarios and the three heat mar-
ket share scenarios result in a total of six different future scenarios. For two of 
these six future scenarios regarding heat market volume and heat market share, 
three different DH production scenarios are constructed. The two heat market 
volume and share scenarios used for the DH production scenarios are the two 
scenarios resulting in the lowest and highest electricity consumption for heat-
ing. 

Different shares of CHP and excess heat in DH production are analyzed in 
the three DH production scenarios. In the first scenario, CHP covers the same 
amount of maximum hourly heating demand as the current system (45 %). In 
the second scenario, CHP covers a larger share of maximum hourly heating 
demand (70 %). In the third and last scenario, excess heat is assumed to cover 
the base load, and CHP then covers the remaining demand up to 70 % of max-
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imum hourly heating demand. The remaining demand is assumed to be cov-
ered by HOB for all three scenarios. These three scenarios are graphically rep-
resented in heat load duration diagrams in Figure 7. 

 
Figure 7. The three DH production scenarios shown graphically with different 
shares of excess heat, CHP (combined heat and power), and HOB (heat-only 
boiler).  
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4 Results 

The results from the three appended papers are presented in this section. Pri-
mary energy consumption for different heating and ventilation systems using 
different calculation methods are presented in Section 4.1. The mapping of the 
current energy system in Falun together with future scenarios for 2050 is pre-
sented in Section 4.2, where the interaction between the electrical grid and DH 
system is analyzed. 

4.1 Primary energy consumption 
The resulting annual primary energy use per square meter using the 16 differ-
ent calculation methods for the simulated building presented in Section 3.1.1 
is shown in Figure 8. The three different colors represent the different heating 
and ventilation systems analyzed (A-C). 

Overall, the country-specific values (13-16) give higher primary energy 
consumption than the different combinations of common Swedish assump-
tions used to calculate primary energy consumption. The methods giving the 
lowest primary energy consumption (1, 2, 5-8) are the ones where the main 
DH fuel is valued as a waste resource with no other usage, i.e. the primary 
energy content in the fuel itself is not included, which means that the PEF for 
DH is below 1 (0.03-0.06 in these cases). Methods 9-12 value parts of the 
municipal waste fuel as a waste resource, which also results in a PEF for DH 
below 1, but higher than in methods 1, 2, and 5-8 (with PEF values of 0.30-
0.67). 

Methods 3 and 4 do not value biomass as a waste resource, which results 
in high DH PEFs (0.79 and 0.99) and two of the highest primary energy con-
sumptions, even higher than the country-specific values for Finland and Den-
mark. The Finnish and Danish methods both have a PEF for DH just below 1 
(0.70 and 0.80). 

The different methods regarding the allocation between DH and electricity 
when using CHP have a small impact on the results, compare methods 1 & 2, 
3 & 4, 5 & 6, etc. The allocation methods have a greater impact on the result 
for the methods where total primary energy consumption is higher. The same 
goes for the allocation between the energy system and the waste management 
system, it has a higher impact when total primary energy consumption is 
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higher. Compare, for example, the difference between methods 5 and 7 with 
the difference between methods 9 and 11. 

 

 
Figure 8. Primary energy use for three different heating and ventilation systems (A-
C) and 16 different calculation methods. 

It is not only the level of total primary energy consumption that differs be-
tween the different methods. The order in terms of which heating system (A-
C) results in the lowest primary energy consumption differs for the calculation 
methods (1-16) as well. Heating system A, with the highest DH consumption, 
is the system with the lowest primary energy consumption in the methods 
where DH is valued with a low PEF compared to electricity (1-2, 5-8). System 
C, with the highest electricity use, is the system with the lowest primary en-
ergy consumption in the methods where DH is valued with a high PEF com-
pared to electricity (3-4, 10, 13, 15-16), and system B is the system with the 
lowest primary energy consumption for the methods in between. 

A summary of the heating systems with the lowest primary energy use for 
each calculation method together with the corresponding ratio between the 
PEF for electricity and DH is shown in Table 5. The table is sorted according 
to the PEF-ratio, and it is clearly seen that there is a correlation between the 
ratio and which heating system gets the lowest primary energy use. 
Table 5. Showing the heating system (A-C) with the lowest primary energy consump-
tion for each calculation method (1-16), together with the corresponding ratio be-
tween the PEF for electricity and the PEF for DH. 

Calculation 
method 

1 7 2 8 5 6 11 12 9 14 3 4 10 13 16 15 

Heating  
system 

A A A A A A B B B B C C C C C C 

Ratio  
PEFel/PEFDH 

61 53 50 42 35 27 5 4 3 3 2 2 2 2 2 1 
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4.2 Buildings impact on the surrounding energy system 

4.2.1 Current situation 
Mapping of the current energy situation in Falun shows that DH covers 50 % 
of the heat market. Of the remaining heat market, detached houses not con-
nected to DH stand for 50 % (25 % in total), and buildings other than detached 
houses not connected to DH stand for 50 % (25 % in total). This is presented 
in Figure 9 where the heat market for one year is shown. The main part of the 
heat market for detached houses not connected to DH is covered by electricity-
based heating. 

 
Figure 9. Hourly values for the total heat market (HM) in Falun during one year, di-
vided into three different categories. 

 
Figure 10. The heat market in Falun for one year as a heat load duration diagram, 
divided into energy carriers (on the left) and into different user categories (on the 
right). 

Figure 10 also shows the heat market, but this time as a heat load duration 
diagram, and is divided into the energy carriers supplying the market (on the 
left) and three different user categories (on the right). As also shown in Figure 
9, it is shown again in Figure 10 that 50 % of the heat market is supplied by 
DH. Another 40 % is covered by electricity-based heating, and 10 % is cov-
ered by others (mainly biomass). All three parts of the heat market supplied 
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by different energy carriers show the same seasonal variation with higher con-
sumption during the winter. This is due to the fact that all energy carriers are 
used for space heating which is dependent on the outdoor temperature. 

Detached houses, both connected to DH and the ones not connected to DH, 
stand for 30 % of the heat market (shown on the right in Figure 10). Since 30 
% of the total heat market consists of detached houses, and 25 % of the total 
heat market consists of detached houses not connected to DH, it is concluded 
that only a small share of the detached houses in Falun are connected to DH, 
even though 70 % of all detached houses lie within densely populated areas. 

In the mapping of electricity consumption in Falun, it was found that de-
tached houses accounted for a large share of the electricity consumption dur-
ing the peak hour. As much as 30 % of total electricity consumption during 
the peak hour was used for heating in detached houses. A total of 70 % of the 
peak hour consumption was used by customers with a consumption profile 
with distinct seasonal variation (i.e. likely used for heating). The electricity 
consumption divided into different user categories is presented in Figure 11. 
Consumers with a consumption profile with a distinct seasonal variation stand 
for only 50 % of total electricity consumption in Falun annually, even though 
they stand for 70 % during the peak hour. 
 

 
Figure 11. Hourly values for total electricity consumption in Falun during one year 
(on the left) and for the five days containing the highest consumption levels (on the 
right), divided into different user categories. 

4.2.2 Future scenarios for 2050 
The three different heat market share scenarios (current mix, large share of 
electricity-based heat, and large share of DH) for the two different heat mar-
ket volume scenarios (slow development and more energy efficient buildings) 
are shown in Figure 12 as heat load duration diagrams. The annual heat market 
for the scenario ‘slow development’ is 890 GWh, and 304 MWh/h during the 
peak hour. For the scenario ‘more energy efficient buildings’, the annual heat 
market is 610 GWh, and the heat market during the peak hour is 203 MWh/h. 
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Figure 12. Heat load duration diagrams for the six combinations of heat market vol-
ume and heat market share scenarios. 

The resulting electricity consumption from the six different scenarios regard-
ing heat market volume and heat market share shown in Figure 12 is presented 
in Figure 13. Consumption not related to heating (without seasonal variation) 
is, in this case, assumed to not change and is the same as in 2015 (the grey 
shaded area). The total consumption in 2015 is shown in comparison (the 
black line), while the six different future scenarios are shown in colors. 

 
Figure 13. Future electricity consumption as a duration diagram. The grey shaded 
area is consumption not related to heating, the black line is current consumption (in 
comparison) and the lines in color are the six future scenarios. The three different 
colors are for the different heat market share scenarios: red – LSEL, blue – CM and 
green – LSDH. Solid colored lines are for the heat market volume scenario SD and 
colored dashed lines are for the heat market volume scenario MEEB. 
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Both annual demand and the demand during the peak hour are reduced com-
pared to 2015 for all six future scenarios. In total, annual consumption is re-
duced by 20-40 %, and consumption during the peak hour is reduced by 35-
70 %. Consumption during the peak hour is reduced in relative terms more 
than annual consumption. This results in a more even consumption profile 
where the highest consumption is closer to the mean consumption. In 2015, 
the peak consumption was almost five times the mean consumption over the 
year. In the future scenarios, the peak consumption is one to two times the 
mean consumption. 

Electricity production from the future scenarios where CHP is used to cover 
parts of the heat demand is shown in Table 6. The electricity production is 
calculated for the two heat market scenarios giving the highest and lowest 
electricity consumption: SD-LSEL (slow development and a large share of 
electricity-based heating) and MEEB-LSDH (more energy efficient buildings 
and a large share of DH). The three CHP scenarios are explained in Section 
3.2.2. Table 6 summarizes both production during the peak consumption hour 
and annual production. The figures in parenthesis give the share of total con-
sumption in Falun that is covered by the production. 

SD-LSEL has a lower potential to produce electricity using CHP than the 
scenario MEEB-LSDH. For MEEB-LSDH, with a large share of DH and 
therefore also a potential for more CHP production, there is a greater potential 
to cover a large share of the peak consumption than a large share of the annual 
consumption (83-129 % compared to 37-71 %). For the production case with 
excess heat, it is, however, possible to cover 100 % of the consumption with 
electricity from CHP for the scenario MEEB-LSDH, even though only 37 % 
of the consumption is covered annually. 
Table 6. The electricity production for the two heat market volume and market sce-
narios SD-LSEL and MEEB-LSDH for three different scenarios regarding the share 
of CHP. The share of total consumption in Falun that is covered by this production 
is shown in parenthesis for each case. 

 Peak electricity production 
[MWh/h] 

Annual electricity production 
[GWh] 

 45 % 
CHP 

70 % 
CHP 

70 % 
CHP + 
excess 
heat 

45 % 
CHP 

70 % 
CHP 

70 % 
CHP + 
excess 
heat 

SD- 
LSEL 

11  
(13 %) 

17  
(21 %) 

11  
(13 %) 

79  
(18 %) 

88  
(20 %) 

34  
(8 %) 

MEEB- 
LSDH 

34  
(83 %) 

53  
(129 %) 

41  
(100 %) 

210  
(65 %) 

228  
(71 %) 

120 
(37 %) 
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Figure 14. Current electricity consumption (grey line) and consumption for the fu-
ture scenario MEEB-LSDH (black line). The colored areas give current electricity 
production.  

 
Figure 15. Current electricity consumption (grey line) and consumption for the fu-
ture scenario MEEB-LSDH (black line). The colored areas give electricity produc-
tion where hydropower and wind power form the current production, and the CHP 
part (green) is possible production for the future production scenario with 45 % 
CHP connected to the heat market scenario MEEB-LSDH. 
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Figure 14 and Figure 15 both show current electricity consumption (2015) and 
the future scenario with the lowest electricity consumption (MEEB-LSDH). 
In Figure 14, current electricity production in the region is included as well, 
illustrated as the colored areas. Current hydropower and wind power are also 
included in Figure 15, but instead of current CHP production, possible future 
CHP production from one of the three production scenarios connected to the 
heat market scenario MEEB-LSDH (45 % CHP) is shown. 

By comparing Figure 14 and Figure 15, it becomes clear that the electricity 
from CHP could be significantly increased compared to today’s production 
with a larger share of DH. Combining increased production with decreased 
consumption, a higher share of the consumption could be covered by control-
lable production (CHP and hydropower). 
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5 Discussion 

Even though the results of this study are based on the current energy system 
in one medium-sized municipality in Sweden, Falun (with the exception that 
some of the calculation methods used regarding primary energy were carried 
out with the neighboring municipality’s DH system as the base), the overall 
results could be generalized to other systems. 

For the primary energy analysis, the two different DH systems used are 
based on biomass and municipal waste, which is the case for most Swedish 
DH systems. The three different heating and ventilation systems compared in 
Paper I represent different cases where electricity is used to cover heat demand 
instead of DH, and could in principle involve systems other than the ones stud-
ied. The problem with different calculation methods and different PEF values 
on the same kind of fuel/energy carrier is still there, and is problematized in 
this study. 

From the evaluation of the different Swedish calculation methods and the 
country-specific methods, it can be seen that countries with well-developed 
DH systems such as Sweden, Denmark and Finland value DH with lower PEF 
than countries with less developed DH, such as Norway and the average for 
Europe. This could be interpreted as the PEF not being set scientifically, but 
instead influenced by politics. Another reason could be that well-developed 
DH networks are more resource-efficient due to the use of more excess heat 
and municipal waste incineration. In either way, since DH systems are local 
and have different fuel, efficiencies, access to excess heat from industries, etc., 
the PEF for DH should be local for a specific system and not some kind of 
national average. 

The problems with different PEFs and thereby also different calculated pri-
mary energy consumption of buildings are twofold. The problem that is most 
clearly identified in this study is when DH and electricity-based heating (ex-
emplified in this study using different heating and ventilation systems) in 
buildings are compared in order to evaluate which one consumes the least pri-
mary energy, i.e. the relative order of the systems compared. The other prob-
lem is the absolute value, which could be used when comparing heating to 
other systems, or when primary energy consumption from heating the building 
is added to the primary energy consumption of something else. 

The question that should be answered is what one mean by the term primary 
energy, which now differs in different methods. The term “primary energy” 
has many different users, and thereby also different definitions. The term 
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should, however, have one clear definition and be unambiguous in order to 
compare the results for primary energy calculated by different users. In a fu-
ture with nearly 100 % renewable energy, it should still be clear that primary 
energy is used (even though it is renewable primary energy) in order to see 
where primary energy efficiency measures should be carried out in order to 
conserve the world’s resources. Energy from renewable resources does not 
mean that it does not have any impact on our environment and ecosystems. It 
should, however, be mentioned that primary energy is only one way to meas-
ure environmental impact. 

Different heating systems in buildings resulting in different electricity and 
DH demands affect the surrounding energy system such as the DH network 
and the electricity grid. How the surrounding systems are affected is analyzed 
in the second part of this thesis, with a focus on the peak demand. 

In the mapping of the current energy system in Falun, it is shown that 30 
% of the electricity consumption during the peak hour is used for heating in 
detached houses. If only the detached houses within the DH area convert to 
DH, an 8 % decrease in the peak power consumption could be achieved. If the 
DH system were to be expanded to cover all detached houses within densely 
populated areas, peak power consumption could be decreased by 20 %. In ad-
dition to detached houses, there are other buildings both within densely pop-
ulated areas and within the DH area that are not connected to DH that could 
convert as well. The potential to lower the peak power demand only by the 
use of DH as the heating system in buildings instead of electricity-based heat-
ing (for example heat pumps) is therefore of importance. Lowering the peak 
demand contributes to solving the problem of back-up capacity needed due to 
intermittent power such as wind power. Increasing the share of DH could also 
increase electricity production with the use of CHP. 

 A few future scenarios regarding heat market volume and share of DH and 
electricity together with electricity production using CHP are analyzed. The 
future scenarios are based on the current system which means that the results 
are presented as hourly values. However, the results only present an overview 
of how the future could look like. It is the general levels that are interesting 
and not the details of the consumption profile. Therefore, very brief assump-
tions are made as well regarding future energy systems. 

The results from the future scenarios show how electricity consumption 
used for heating could look in the year 2050. Electricity consumption is re-
duced compared to current consumption in all scenarios, even for the one with 
a higher market share of electricity-based heating than the current system. This 
is due to the assumption that future electricity-based heating is much more 
efficient than it is today. So, future electricity consumption could be reduced 
both by improving the performance of electricity-based heating, and by con-
verting a high share of the heat market to DH. The scenario with a high share 
of DH results in the lowest electricity consumption. 
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The future heat market scenarios also include scenarios regarding electric-
ity production by using CHP. Using CHP-based DH not only decreases elec-
tricity consumption but also increases electricity production. Increased pro-
duction could reduce back-up power even further to cover intermittent power. 
Perhaps the CHP could even partake in the active power balancing. At least it 
could relieve hydropower, which today is used as a regulating power but with 
a decommissioning of nuclear power in Sweden could lose its regulation abil-
ity. 

An important question is how regulating power in Sweden should be used, 
if it is only for our own demand or if it should be used to help regulate the 
total power market which we are a part of. Without the decommissioning of 
nuclear power, current hydropower in Sweden already makes it possible to 
integrate a high share of intermittent power in Sweden. Sweden’s hydropower 
and electricity production from CHP (which is an efficient way to produce 
electricity due to heat demand in Sweden that is also covered) could however 
be used to help regulate part of the European grid, whether nuclear power in 
Sweden is phased out or not. 

In periods where there is an excess of electricity, when intermittent power 
produces at its maximum or close to it, CHP plants could bypass the turbine 
and produce heat without producing electricity, or maybe even use electricity 
to produce DH instead of using other fuels. The difference between using elec-
tricity-based heating directly in buildings is that a larger system is more flex-
ible. Current DH networks consist of several production units whereas there 
is usually only one heating system in a building. With only one system in a 
building, it is not possible to change between producing only heat from fuels, 
producing both heat and electricity, and using electricity to produce heat de-
pending on the surrounding system. 

This study is focused on the electricity used for heating, while other types 
of electricity consumptions are assumed to remain the same. This consump-
tion could of course, and probably will, change in the future as well. Lighting 
becomes more efficient, as well as household appliances and other types of 
electronics. There are, however, areas which contribute to increased electricity 
consumption as well. Examples are data centers and electric vehicles. All of 
these aspects are not included in this study, only the electricity used for heat-
ing, with clear seasonal variation. 

The energy system is not only the power grid, or the DH system. The en-
ergy system contains the consumers as well, i.e. in most cases the buildings. 
There would be no need for production without demand. Heating demand in 
buildings is a large part of the overall demand, and it is shown in this study 
that a building’s heating system affects the whole energy system to a large 
extent. It affects both DH and the power system, and thereby also the produc-
tion units. On a larger scale, it also affects total primary energy use, which is 
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one way to assess the environmental aspect. The energy system is a large com-
plex system with many kinds of users and production units of which a few are 
analyzed in this study. 
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6 Conclusions 

How the surrounding energy system is affected due to different shares of dis-
trict heating (DH) and electricity used for heating in buildings has been ana-
lyzed. This has been done in two ways: first, by analyzing different primary 
energy calculation methods and primary energy consumption in a building 
with three different heating systems representing different DH and electricity 
demands. Secondly, it has been analyzed how the surrounding systems, the 
DH network and electricity grid, are affected due to different market shares of 
DH and electricity-based heating in buildings. This has been done by first 
mapping the current situation and then analyzing future scenarios for 2050. 

The results show that the primary energy consumption of a building change 
a lot depending on the relation between DH and electricity consumption. Most 
importantly, the primary energy consumption of buildings depends on the 
method used to calculate primary energy. The term “primary energy” has 
many different users and thereby also different definitions. Using the same 
term but with very different underlying assumptions results in incomparable 
results. The primary energy calculation methods analyzed in this thesis, for 
example, result in very different results regarding which of the heating sys-
tems analyzed use the least amount of primary energy, from system A having 
a 40 % higher primary energy use than system C, to system C having a 320 % 
higher primary energy use than system A. 

Electricity and DH demands of buildings not only affect primary energy 
demand, but also the surrounding energy systems such as the DH network and 
the electricity grid. It is shown that there is a huge potential to decrease peak 
electricity consumption in the future through a higher market share of DH. In 
the current system, 30 % of peak electricity consumption is used for heating 
in detached houses. Peak electricity consumption could, for example, be re-
duced by 20 % if all detached houses within densely populated areas convert 
from electricity-based heating. In the future scenario for 2050 with more en-
ergy efficient buildings and 80 % of the heat market covered by DH, peak 
electricity consumption is reduced by 70 % compared to current peak con-
sumption. A larger share of DH makes it possible to also produce more elec-
tricity with the use of combined heat and power (CHP). 

To conclude, the electricity and DH demand of buildings affect the energy 
system to a large extent.  
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