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are the main challenges for the smaller
district heating areas to succeed in becoming fossil independent by 2050 and how can
4th generation district heating (4GDH)
help in this regard?. The report will by
interviewees, data collection, EnergyPRO,
scenario analysis and economic analyses
find what scenario is the best for the case.
The analysis is split up into technical, economic to find which is the best for the case.
Finally, the political barriers is about what
barriers there are in the district heating
sector. It conclude that uncertainty of how
the district heating sector for the taxes
and the politics will in the future make the
small district heating companies to delay
or postponed their suggested investment.
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Resume
Den danske energisektor er på vej mod at skifte fra bruge fossile brændsler til målet om at
opnå fossil uafhængighed inden 2050. En del af energisektoren er fjernvarmeområdet som
har ændret sig fra at primær at bruge fossile brændsler til at over halvdelen af produktion
stammer fra vedvarende energikilder.
Fjernvarmesektoren står overfor en stor ændring, hvis målet omkring fossil uafhængighed
skal opfyldes. Det kræver at kommer flere forskellige vedvarende energikilder ind i
sektoren for at gøre give sektoren en større fleksibilitet. En af disse energikilder
er at integrerer mere elektricitet end i fjernvarmesektoren til at give et bedre
samspil mellem el -og varmesektoren. Derudover er det nødvendigt i fremtiden at
optimere fjernvarmesystemet. Denne opdatering kaldes for 4.generation fjernvarme, hvor
temperaturen i fjernvarmesystemet vil blive sænket til en fremløbstemperatur på 50 grader.
Integration af flere energikilder og 4. generation fjernvarme vil gøre det muligt for
fjernvarmesektoren er at blive fossil uafhængighed inden 2050. Problemet er den nuværende
regulering på området ikke er opbygget til at skulle lave disse ændringer bl.a. er der
naturgasbindingen, kraftvarmekravet, uenigheder fra de økonomiske analyser og fjernelse
af grundbeløbet til fjernvarmen. Disse udfordringer forsinker udvikling af fjernvarmen og
derfor er der nødt til at finde initiativer til at fjernvarmen kan blive fossil uafhængighed
og derfor undersøges der;
Hvad er de primære udfordringer for de mindre fjernvarmeområder til at lykkes i at blive
fossil uafhængighed og hvordan kan 4. generation fjernvarme hjælper med denne udvikling?
Rapporten bygger på casen ”Hørby, Thorshøj og Østervrå” som er tre landsbyer som er
koblet sammen via en transmissionsledning. Choice Awareness Theory er det teoriske
grundlag i rapporten. Teorien bygger på at der ikke skal undlades nogle valg i forbindelse
med beslutningsprocessen. Derved vil rapporten ikke begrænse sig til et valg før at mulige
løsninger er blevet undersøgt.
EnergyPRO skal hjælpe med at simulere de valgte scenarier til case system og skulle et
realistiske resultat af de forskellige scenarier over en 20-årige periode. Scenarieanalysen
skal være muligt at give muligheder at undersøge flere forskellige scenarier for casen end
kun at køre en bestemt løsning til casen. De økonomiske værktøjer skal være for at give
overblik at hvilken resultat der er det bedste set fra en samfundsmæssig og selskabsmæssige
retninger og derved se om der enighed i hvilken løsninger der vil være den bedste for case.
De nuværende reguleringer for at vise hvilke regler der er på området på det nuværende
tidspunkt. Analysen er derefter opdelt i tre dele; teknisk, økonomisk og politiske
udfordringer. I de tekniske analyser undersøge hvilke produktionsenheder er der til stede og
hvilke der kan bruges til denne case forudsætninger. Efter valgene af produktionsenheder
bliver der lavet tre scenarier; halmscenarie, elektricitet og halmscenarie, og endelige et sol,
elektricitet og halmscenarie. Disse systemer bliver opbygget fordelt ud på landsbyerne i
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systemet. Derefter bliver de undersøgt i deres produktionsforhold, de miljømæssige forhold
og hvordan kendskabet er til de forskellige produktionsenheder i systemet, hvilket bliver
opsamlet i et overblik til sidst i analysen delen. Resultatet viser at den elektricitet -og
halmscenariet vil være den bedste tekniske scenarie.
Ved den økonomiske analyse vil de forskellige scenarier undersøgt for hvordan de vil
klare med de forsætninger med investering priser, variable, faste omkostninger og i den
selskabsøkonomiske analyse vil der være tilført afgifter. Derudover bliver det undersøgt
hvordan et 4.generation system vil klare sig økonomiske i forhold til det nuværende
system. Derudover vil der være følsomhedsanalyser til at se om ændringer til priserne
vil forandre hvilken scenarie vil være det bedste. I både den samfundsøkonomiske og
selskabsøkonomiske analyse vil elektricitet og halmscenariet fremstå som det foretrukne
scenarie for casen.
I de politiske analyse bliver der undersøge hvilke forskellige barrierer der sætter en stopper
for udviklingen af fjernvarmesektoren. Derefter kommer der initiativer på hvordan disse
barrierer i fjernvarmesektoren kunne løses.
Andre sammensætning af scenarierne vil kunne have ændret det samlede billede. Der
kunne være sammensæt flere scenarier til at sikre finde det helt rigtige scenarie til case.
I rapporten blev der brugt en simplificeret model af 4.generations fjernvarme og derved
kunne en komplet 4.generations fjernvarme model har givet et mere realistiske billede af
hvordan det vil klare sig i case system. På baggrund af de afgrænsninger som er foretaget i
rapporten, vil det ikke give et 100% rigtigt billede, men en indikator for hvordan de valgte
scenarier vil fremstå i case området.
Ud fra analyserne vil ændringer i sammensætningen af afgifterne, fjernelse af naturgasbinding og kraftvarmekravet samt at energipolitikken er bestemt med et stort flertal af
partier hjælpe med udviklingen af fjernvarmesektoren til at blive fossil uafhængig.
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Introduction

1

The significant consequences of global warming compounded with high fossil fuel
consumption, have forced the world’s nations to set goals limiting and, in the future,
halting global warming. The primary goal set for the year 2100, is to keep global average
temperature rise below 2 degrees Celsius relative to pre-industrial levels [UNFCCC, 2010].
It is paramount that the use of fossil fuels must be replaced by renewable energy sources
if this goal is to be redeemed [Mathiesen et al., 2015]. Denmark is a foremost leading
country in the conversion from fossil fuels to renewable sources. In Denmark, the goal is
to become fossil independent in the energy system by 2050 [Danish Energy Agency, 2011].
This destined development of the energy system will require remarkable changes in the
way the Danish energy system is managed and regulated.

1.1

The Danish energy sector

Although the Danish energy sector has made some revolutionary changes over the past 25
years, significant transformations will still be required to reach Denmark’s goal of fossil
independence by 2050. In 2016, renewable energy represented about 29% of the total sector.
In contrast, in 1990, Denmark utilized renewable energy in only about 6% of the sector
[Danish Energy Agency, 2017a]. The change in the Danish energy sector began in the 1970s
when the oil crisis overwhelmed Europe and the rest of the world. During that period,
Denmark’s energy consumption was sourced on 90% oil [Lund, 2010]. Denmark, therefore,
began to focus on diversifying energy sources and establishing systems for improving
the security of supply in the energy sector. Denmark sought to lessen dependency on
a particular energy source and reduce imports of energy. First, coal got into energy sector
due to the fuel was a cheaper energy source than oil. Natural gas came into the energy
sector around circa 1984, as it was a more economical and cleaner energy source than oil and
coal [Lund, 2010], as seen in the figure below 1.1. This entrance into our market was logical
due to the location of the gas in the North Sea and therefore possible to take advantage
of low importation costs. At the same time, natural gas would contribute to lower CO2
emissions, as it was considerably cleaner than coal and oil. Unfortunately, natural gas is
still a fossil fuel, and the consequences of this category of energy are heightened pressure for
global warming. Natural gas was not the final change, and renewable energy sources began
to become a broader and more significant part of the sector. This development effectively
means that oil today is primarily used only as an energy source in the transport sector
[Danish Energy Agency, 2017a]. Energy sectors in Denmark where renewable sources have
taken over large parts of production include the heating sector.

1
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Figure 1.1. Shows how fuel consumption in the Danish energy sector developed in the period
between 1980-2016. It can be clearly seen that natural gas and renewable energy
account for a more significant proportion of total gross consumption. The figure only
dates back to 1980 as annual data collection began in 1980. [Danish Energy Agency,
2017a]

1.2

District heating in Denmark

In Denmark, a large part of residential and commercial heating comes from district heating.
64% of households in Denmark receive heat from a district heating unit [Dansk Fjernvarme,
2017]. District heating during 2016 accounted for approx. 12% of the adjusted gross energy
consumption in Denmark. District heating has had a significant impact on the overall
energy sector. Since 1990, consumption in the district heating sector has increased by
approx. 19%, while the total energy consumption in Denmark in the corresponding period
has decreased by almost 6% [Danish Energy Agency, 2017a]. The district heating sector
has made significant changes regarding energy sources, as shown in the figure 1.2. In 1990,
the dominant energy source was coal, corresponding to 44% of total energy consumption,
while renewable energy sources covered approx. 23% of energy consumption. From the
1990s, distribution began to change in this sector. This change was due, in part, to the
fact that natural gas legislation became more advantageous, increasing its use. However,
the primary reason for change has been the focus on renewable energy in this sector during
the previous 15 years.
Among other things, biomass has gained more considerable importance in the heating
sector as it is a less costly source of energy. Due to the current Danish regulation there
is no taxation on biomass. Biomass is also relatively easy to switch over to from fossil
fuels. There are different definitions of what is included in biomass. This report will use
a description based on the Energy Agency [Danish Energy Agency, 2017a], which implies
that wood pellets, wood chips, and straw are included as biomass, while biogas will be an
energy type for itself. In addition to biomass, other renewable energy sources came into the
district heating sector, such as solar, geothermal, biogas and heat pumps. This progression
towards cleaner fuels has forced a radical change in the types of fuel used. During 2016 the
2
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consumption of coal supplied approx. 14% of energy consumption in the heating sector,
while the consumption of renewable energy sources accounted for more than half, at 52.5%
of total energy demands [Danish Energy Agency, 2017a]. This development means that
the district heating sector is itself transforming away from fossil fuels. To know how the
district heating sector should be develop, it is necessary to know how the district heating
system is built.

Figure 1.2. Shows how fuel consumption develops in the period 1990-2016 in the district heating
sector, where renewable energy in 2016 has become the most significant source of
energy in the district heating sector. [Danish Energy Agency, 2017a]

1.3

The current district heating sector

District heating in Denmark, as mentioned, is the most popular system in the sector.
It is highly advantageous because a city’s heat production can occur in a few regulated
places rather than in each residence. The accumulation of production helps to utilize heat
consumption for efficient distribution. District heating in a densely populated area, is an
economical solution compared with individual heating. Higher efficiency also means that
the use of fuel can be reduced and thus reduce the total emissions. The district heating
sector is divided into several phases - the major co-generation units, small co-generation
units, and heat generating units. The large co-generation plants are located in the largest
cities in Denmark, whereas more than 400 small co-generation and heat generating units
are located throughout Denmark [Danish Energy Agency, 2017c]. This report uses the
categorization from the definition [Grøn Energi and Ea Energianalyse, 2016], which divides
between large decentralized district heating and small decentralized district heating areas
at an average annual primary consumption of 500 TJ. For the future of this report, the
small decentralized district heating will be referred to as the small district heating areas.
In the figure 1.2 it is possible to see what is used by different energy sources, however
some energy sources are more used in the larger cities, while others energy sources are
more common in other parts of the district heating sector. The coal consumption, which
3
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is primarily used in the significant CHP plants, while natural gas consumption is most
common in the small district heating areas [Danish Energy Agency, 2017a]. Biomass
is used in all types of district heating companies. Fluctuating energy sources, which are
defined as the energy sources which do not produce stable energy around the clock, include
wind and solar energy sources. Unless discussed as a specific energy source, these sources
of energy will be termed fluctuating energy. Further, within the energy sector, energy is
divided into primary and secondary energy. In the district heating sector, the primary
energy is all the fuels in district heating, such as biomass, coal, natural gas and fluctuating
energy. The secondary energy category describes the supply type the different fuels are
used for. This, as an example, could be electricity or heat. For all the advancements
Denmark has made within the previous 15 years the district heating sector is still under
developed [Lund et al., 2014].

1.4

Initiatives for the future district heating sector

As we move forward, district heating will face extreme challenges, as engineers of the future,
strive to make Denmark independent of fossil fuels by 2050, whilst being economically
realistic [Mathiesen et al., 2015; Dyrelund et al., 2008]. District heating will need to cover
a larger and more significant part of the heating sector by 2050 [Dyrelund et al., 2008].
As previously stated, in 2016, more than half of district heating production was based on
renewable energy, of which biomass accounts for more than 90% of that renewable fuel
[Danish Energy Agency, 2017a]. In the future, other renewable energy sources will also be
included in the district heating sector to create greater flexibility. An effort is underway
to get access to other energy sources by direct interaction between the different energy
sectors. According to [Mathiesen et al., 2015; Danish Energy Agency, 2014], it is crucial
to involve more electricity in district heating as wind energy will play an important role
in future energy supply. Since wind energy can only be stored on batteries, which is an
expensive investment, then tying the electricity and heating together is a less expensive
investment and it is a crucial part of the future energy system. During 2016, less than
1% of district heating production came from total electricity production. [Danish Energy
Agency, 2017a]. The extra use of more electricity in the district heating sector can be via
several heat pumps and electric boilers. Additionally, will the fluctuating energy source
solar energy have a greater significant share of production in the future. According to
[Mathiesen et al., 2015], it should be in the smaller urban areas of Denmark that focus
on solar energy, as this will be most economically efficient. A solar heating system in a
larger city is possible; however, it will require large amounts of space, which is not always
possible. Further, it is difficult to make seasonal storage in the larger cities that will
need substantial areas to store the energy. These two additional prerequisites, space and
storage, give the larger cities a significant challenge to using solar heating in their district
heating system. Geothermal energy where the district heating sector using hot water from
the underground. Furthermore, a larger number of geothermal plants should be introduced
to create sources of stability for the more extensive amounts of fluctuating energy sources
that will constitute a minor part of the future district heating sector [Mathiesen et al.,
2015]. The fact that biomass today accounts for most of the production from renewable
energy must change so that biomass will constitute a smaller part of the district heating
sector in the future. In the future, biomass will be a stabilizing factor for district heating
4
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when fluctuating energy sources are not available to the system. The integration of new
energy plants must take into account that it is both the best and cheapest solution for
the district heating company to becoming fossil fuel independent[Mathiesen et al., 2015;
Danish Energy Agency, 2014]. It should also be noted that over reliance on one type of
fuel may cause future expenditures to rise exorbitantly. The cost solutions with biomass
will not necessarily be the cheapest if Denmark’s next energy plan will be to impose a tax
on this currently exempt fuel. The same situation happened in the 1990s where natural
gas was an inexpensive and popular heating choice due to favorable tax regulation. The
district heating companies that use the once cheap fossil fuel are now forced by practicality
to continue to use it, which in turn gives these plants some of the most expensive heat
prices in Europe[Lund, 2010]. Consequently, the choice of biomass for a district heating
company is associated with uncertainty about higher future costs.
The first step towards fossil fuel independence in the district heating sector is the
reduction of overall heat consumption in the buildings of Denmark. In the effort to reduce
heat consumption, the building regulatory bodies in Denmark have set more stringent
requirements for new building construction. The requirements of heating consumption
in the buildings itself are gradually increasing for the future. One of the main reasons
why heat consumption is lowered is the technological development in the district heating
area. By reinvesting these potential savings into the future development of the sector,
advancement of technology and skills can grow exponentially. The heat demand in
buildings can, through coordination and focus on the field, provide a potential of up to
40% reduction compared to the current needs [Mathiesen et al., 2015]. Another primary
reason why the secondary consumption will fall is due to the development by reinvestment
of savings into the district heating system. The district heating has evolved since the
1st generation district heating was introduced in the US at the end of the 19th century.
Denmark today, use in most of their district heating areas the 3rd generation district
heating [Lund et al., 2014; Werner, 2017]. In this generation district heating is the supply
temperature below, but close to 100 degrees. As mentioned in the preceding section,
significant changes in renewable energy, and its impact on district heating, will play
an increasingly important role in the future of the Danish energy system. The district
heating system must be updated and implemented by new advanced technologies in the
future 4th generation (4GDH) [Lund et al., 2014; Connolly et al., 2013]. One of the
key areas that needs to be addressed in the future is the reduction of heat loss in the
district heating pipes. One step in this direction is to replace the pipes with newer and
more efficient pipes. Furthermore, the 4GDH lowers the district heating temperature
from the current temperature level to a supply temperature of approx. 50 degrees Celsius
and return temperature drops to approx. 25-degree celsius [Lund et al., 2014; Werner,
2017]. Additionally, district heating should increase as there may be areas where it may be
advantageous to switch from individual heating to a district heating, which also reduces the
CO2 emissions. These changes may be relevant in areas where there are economic benefits
of using renewable energy [Werner, 2017].Furthermore, initiatives must be launched that
allows the district heating sector to use fluctuating energy sources to help achieve the
target about fossil fuel independent [Lund et al., 2014]. As shown in the figure 1.3 to
have different type of storage which will be essential to a 4GDH system due to the higher
production from renewable energy [Lund et al., 2014]. The development in the efficiency
5
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of the district heating pipes and the temperature reduction means that the CHP will
want to better utilize their fuel consumption due to a more efficient system. The changes
will reduce the variable cost for district heating companies which will make them cheaper
to operate [Mathiesen et al., 2015]. This conversion to 4GDH in Denmark will contain
significant investments in the district heating sector, and in addition to investments, the
district heating sector faces several challenges in the current situation if the implementation
of more renewable energy and the 4GDH system must be achieved.

Figure 1.3. How the different generations of district heating are and what happened during the
different periods. The 4th generation of district heating (4GDH) is the next step
for becoming fossil fuel independent, and thus we can see what needs to be changed
concerning the current system, among other things, a supply temperature down to
50 degrees Celsius. [Lund et al., 2014]

1.5

Challenges for the future district heating

In the district heating sector there several challenges towards the future development.
There are some which are general for the district heating sector and then some are more
specific for the small district heating areas. This list of challenges will be elaborated after
the list.
District heating sector - In general
• Lack of incentives - No sub-goals in the target from government for district heating
6
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companies to follow
• Uneven taxation of the different energy sources
• Lack of interaction between energy sectors
Small district heating areas
• New technologies which do not focus on fossil fuel independence can enter the district
heating area
• Disappearing subsidies weakens the small district heating companies
• District heating comapanies pressed by an individual scenario
• Higher heating prices in the district heating area
• Co-generation requirements limit the district heating companies
• Socioeconomic vs. Business-economic disagreement

Figure 1.4. The purple colored areas shows where in Denmark there is district heating. It clearly
demonstrates that district heating is both used in the biggest cities and smallest
villages around the country [GIS, n.d.].

7
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The challenges in the district heating sector are that in some cases there is no incentive to
switch to renewable energy. The challenges are due, among other things, to the framework
conditions that are present in the district heating sector. These framework conditions
have been previously determined by the government in Denmark. The government also
has a long-term energy goal of becoming fossil free by 2050, but behind this overall goal,
none of the political wings in Denmark have a real plan for achieving this long-term goal.
Additionally, the government shift has changed its overall objectives and has resulted
in various sub-goals and directions for the district heating sector [Danish Energy Agency,
2011; Regeringen, 2011]. The fluctuations in these objectives make future planning difficult
for the district heating sector, as the current government only follows the long-term goal
of fossil independence by 2050. The government has not set overall energy targets for
the district heating sector, which creates uncertainty for the district heating companies to
choose on what to invest in the future [Grøn Energi and Ea Energianalyse, 2016].
The current regulation make the tax effect on the individual energy sources is different,
which leads to an uneven relationship between the production units [PWC, 2017]. This
diversity makes it difficult for those energy sources with the highest tax burden to compete
on an equal foundation with other energy sources. This big difference gives the district
heating systems fewer options to choose between [Ea Energianalyse, 2017]. Additionally,
the fuel linkage make some obstacles as it makes it difficult to switch from natural gas to
another source of energy and thus it may feel that some of the district heating companies
have no choice. Furthermore, the current tax and fees in district heating areas make it not
attractive to the renewable energy sources. Concerning solar heating, there is the challenge
that solar heating supplies provide the largest production during the summer period, but
it is also where the heating needs are the lowest, which means storages are needed to
utilize solar heating as much as possible and therefore an additional cost. Geothermal
energy is associated with considerable uncertainty in the construction phase as it may
risk having a huge cost to build it without actually achieving significant heat energy out
of it. Heat pumps are affected by the charges on electric heating, which means they
will have a significant investment and production cost to select heat pumps for a district
heating company [Ea Energianalyse, 2017]. Legislation as it is now, does not provide many
opportunities for new heat production units to enter the market as they are not competitive
with other energy sources. This situation makes it challenging to include heat pumps in
the district heating sector. This challenge limits the interaction between district heating
and electricity at the times when the electricity sector has excess electricity capacity that
could have been used in the district heating sector [Dansk Fjernvarme, 2016; Grøn Energi
and Ea Energianalyse, 2016].
The current regulation of the district heating sector can also lead to new technologies that
are not in the direction of fossil independence. In some areas, it will be more attractive to
invest in gas-powered heat pumps, which leads to the consumption of natural gas rather
than electricity. This development may result in investments that are not necessary, e.g.,
gas-powered heat pumps can enter the district heating sector, thus delaying the process of
becoming fossil independent [Grøn Energi and Ea Energianalyse, 2016].
Subsidies that help to give the benefit of staying at a particular production unit are
slowly disappearing. This change is providing a minor reason to continue with the same
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production unit. It is support in part of the district heating sector in Denmark, the name
of this support is called "Grundbeløb". "Grundbeløb" is a basic amount allocated to the
small CHP plants operating on the spot market. This subsidy is given to replace the daily
tariff and compensate for more wind in the electricity sector. The size of the aid for the
single power plant was dependent on the size of the production of the individual power
plants. Basically the higher the production, the more the support. Additionally, to receive
the subsidy, the power plant should be available to the overall electricity market. Their
basic amount was calculated on an annual basis by the spot price of electricity, thereby
giving power plants strong support for a low electricity price and vice versa at a high
electricity price. [Energi Danmark, n.d.; Energitilsynet, 2014] The base amount for these
power plants will disappear at the end of 2018, and even with the current few adjustments
that have been made, the consequence will be that district heating companies will have
a lower income, especially in small district heating areas, which will result in a higher
heating price [The Ministry of Energy, Utilities and Climate, 2015]. This removal of this
subsidy gives these district heating plants an uncertain future. And if they are a natural
gas-based district heating company they have very few choices to choose.
At present, there are not many district heating companies that are being squeezed out
of individual heating solutions. But with the agreed changes in Denmark, as mixed with
others, there will be a removal of grants which will disappear at the end of the year. A
reduction of electricity tax will mean that far more of district heating companies expenses
will be pressed on the individual heating [Ea Energianalyse, 2017].
The future of the basic amount will also affect the co-generation (CHP) requirement. The
CHP requirement will ensure more electricity and better utilization of fuel. However, cogeneration has become less attractive in district heating over the past ten years. This
development is due to increasing electricity production from fluctuating energy sources in
the energy sector, and biomass boilers have gained a significantly higher share of the district
heating sector [Grøn Energi and Ea Energianalyse, 2016]. In recent years has increased
production of fluctuating energy, resulting in fewer periods when it is attractive to drive
the co-generation. This progress contributes to a minor role and these co-generations will
get an even weaker economy after the basic amount of expiry. Therefore, the criteria for
co-generation is a requirement that limits the development potential of district heating [Ea
Energianalyse, 2017].
Another challenge for the future is whether or not the 4th generation can supply the
necessary heat to the current and older houses in Denmark which have a high heat
consumption demand [Werner, 2017]. The taxes and grants in the district heating sector
are also helping to create a distorted picture of the socio-economic and business-economic
analysis that they do not always show the same scenario to be the best for a district heating
company. Concerning paragraph 1 of the Heating Supply Act, it is stated what to choose,
where it says;
"The purpose of the Act is to promote the most socio-economic, including environmentally
friendly, use of energy for building heating and hot water supply and, within this framework,
to reduce the dependence of fossil fuels on energy supply."[Retsinformation, 2017b]
District heating companies should choose the socio-economic best solution, but in some
cases, there will be a different solution, which is the best in a business-economic analysis.
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This situation means that there may be an scenario that is best for a district heating
company, but not the best scenario for the society. As mentioned earlier, there is no
tax on biomass, which implies that the solution will be disadvantaged in a socio-economic
analysis rather than a business-economic analysis of the companies. The difference answers
in the two analyzes makes it difficult for district heating companies to determine which
parameters are to be used and which production units to invest. This development may
mean that the district heating companies will cancel or postponed their investment [Grøn
Energi and Ea Energianalyse, 2016].
There are different challenges in the district heating sector, and it is harder to continue
the development towards the use of renewable energy sources. It will not happen with the
current assumptions, and therefore there must be changes in the district heating sector in
the future to be achieved.
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Global warming makes it necessary to change the energy source an energy system is built
upon. A country that has started their conversion is Denmark, which aims to be fossil
independent by 2050. Denmark’s energy system changed its character in the 1970s when
the oil crisis hit. In 2016, approx. 29% of the energy system was powered from renewable
energy sources. Not all areas in the energy sector have reached equally far, but a sector
where the conversion has begun is the district heating sector. In the heating sector, half of
the heat consumption is supplied from district heating. In the district heating sector, 52%
of production comes from renewable energy, where the primary source of energy is biomass.
The district heating sector consists of large co-generation plants, small CHP plants, and
heat generation units, where most use 3rd generation of district heating, which means
that the supply temperature is below 100 degrees. If the development of district heating
should continue, new initiatives in the sector must be taken. One step in this direction is
to upgrade district heating to the 4th generation, where the supply temperature is approx.
50 degrees. The district heating sector should also take more energy sources into the sector
to maintain the security of supply due to increased fluctuating energy in the energy sector.
Many challenges in the district heating sector prevent it. Lack of political determination,
unbalanced tax on the different sources of energy and the removal of subsidies without
compensation are just some barriers that hamper development. Challenges will hit the
smallest district heating companies hardest and be pushed by individual scenarios if future
changes in the sector are not made. It is possible for small district heating companies to
become fossil fuel independent, but it cannot happen under current circumstances.

2.1

Research Question

Based of the introduction the Research Question is;
What are the main challenges for the smaller district heating areas to succeed in becoming
fossil independent in the future and how can 4th generation district heating (4GDH) help
in this regard?
This question will be analysed through a case. And to help answer the research question,
there will be some sub-questions;
Sub-questions
• Which case can be used to represent small district heating area?
• Which technical scenario would be the best solution for the case?
• What are the socio-economic and business-economic costs for the technical scenarios?
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• What barriers exists and which initiatives will help the small district heating areas
most to become fossil fuel independent?

Delimitation
The project focus is on the district heating areas that are most pressured concerning
the future developments. Therefore, this report will focus on the small district heating
companies. The report definition of small district heating companies [Danish Energy
Agency, 2017a], where these district heating companies are less than 500 TJ annually.
The small district heating companies will suffer the hardest of price changes as they have
fewest consumers to pay the difference. These district heating companies will typically be
in a small local area. Legislation for the sector limits the sources of energy that can be
chosen in the scenarios, and therefore the report will not deal with this area when selecting
production units to the scenarios. The report will out of energy sources if these oppose
the district heating sector to become fossil fuel independent.
In one of the sub-question is stated "the best solution". In this report does the best solution
of the best technical scenario come from different criteria. The criteria are which technical
scenario help most for the environment, have a high security of supply in the system and
how will the physical design affect in the case area. The report will not look at all scenarios
due to resource shortage, and therefore the report will only choose to investigate a few
scenarios.
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The purpose of this report structure is to show how different sections should give us an
understanding of how this project will look like in the report. The structure of the report
is compiled in the hierarchy figure 3.1, where a subject is followed by the next and shows
the order from the research question to the end with the conclusion.
The research design figure 3.1 starts with the research question, as it is the main focus of
the report. In addition to the research question, the section will also contain a problem
statement, which is a collection of the introduction and then a delimitation of the topics
that the report will not address. The boxes that come after research question will help to
answer the research question and the sub-questions.
The chapter "case selection" is where the first question will be answered "Which case can
be used to represent small district heating area?". The case in the report directs on a
particular area, as it is difficult to focus on all district heating areas, and the report will
be based on Hørby, Thorshøj, and Østervrå and their future investments.
The Methodology chapter requires both theories and methods to frame the report based
on the premises they constitute. As the theoretical framework, Choice Awareness Theory
is the theoretical starting point that is crucial to the understanding through the report.
According to the theory, it is vital that all alternatives are investigated. The different
methods in this report are the tools that will contribute to the results of the report. The
methods of data collection in this report are interviews and technical data. Additionally,
there will be methods for identifying the barriers of the small district heating companies
in the future. These methods are economic analyzes, scenario analysis and energy system
analysis tool EnergyPRO.
The current regulation section is to show what current regulation the small district heating
companies need to follow and why these regulations are made. As illustrated in the figure
3.1, the methods and three sub-questions are based on the three analytically parts of the
report. The position will indicate where the different methods are used and wherein the
analysis the three questions are answered. The analysis is divided into three sections sections on technical systems, parts of economic analysis and the political barriers in the
district heating sector. The technical analysis views at what scenarios is the best for the
case and thus answers the majority of the question "Which technical scenarios would be the
best solution in" Hørby, Thorshøj, and Østervrå case "?". It will be answered here, and the
methods that will be used in this section are interview, scenario analysis and EnergyPRO.
The economic analysis is where the various scenarios are investigated in both a socioeconomic and business analysis. The analysis illustrates whether there are any differences
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in the results of the two analyzes on what technical scenario would be the best for the
case and its consequences. In this part of the analysis, the answer to the sub-question
"What are the socio-economic and business-economic costs for the technical scenarios?".
And all four methods will be used in this section. The political barriers are the last part of
the analysis. The results of the two previous sections and the policy barriers from in the
district heating sector perspective will be investigated. Based on the barriers in the sector
it is possible to find which initiatives are available to help solving the problems. In this
analysis section the sub-question be answered: "What barriers exists and which initiatives
will help the small district heating areas most to become fossil fuel independent?" This
question will be answered with the methods of interviews and economic analysis.
The overall results will be evaluated concerning the possible changes in the discussion, and
the final results for answering research questions will be commented on in the last box’s
"conclusion."

Figure 3.1. The report structure where the chapter is and in which section of the analysis the
different sub-questions will be answered.
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In order not to look at all small district heating companies, this report uses a case as the
basis for the small district heating companies. The first criterion is that it must be a district
heating company that has an annual heat output of less than 500 PJ. Furthermore, the
district heating company will not have a district heating that has already been converted
to renewable energy, but a district heating company to do so it shortly. In addition to
these requirements, it will be a district heating company that will affect the removal of the
basic amount at the end of the year. The district heating company must not be unique
concerning the composition of energy sources.
As mentioned earlier in the delimitation, it has been chosen to look at the smallest district
heating companies in Denmark, and this criterion is maintained in this case. This report
has selected the case "Hørby, Thorshøj, and Østervrå." The reason why this case is chosen
is that the three cities concerned need to make a new investment shortly. The figures
used in this section are from the district heating companies [Østevrå Fjernvarme, 2018;
Thorshøj Kraftvarmeværk, 2018] unless otherwise stated.

Figure 4.1. The cases villages; Østervrå, Thorshøj and Hørby. It shows what types of
production units is in the three villages and the transmission line. The location
of the transmission line on the map may not necessarily follow where the actual
transmission line is located. [Krak, n.d.]

The three villages in the case are Hørby, Thorshøj, and Østervrå, as shown in figure 4.1.
The villages are located in Vendsyssel, North Jutland. Hørby, Thorshøj and Østervrå
district heating systems are connected via a transmission line. This transmission line is
a solution for all three villages that have given them an economic gain. Hørby receives a
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better utilization of their straw boiler by the extra production to Østervrå and Thorshøj.
Most of the production in the two villages, Thorshøj and Østervrå, was from natural gas.
The heat prices in the two villages were very high at this time and could be lowered by
connecting the supply line with Hørby, which had a significantly cheaper heat due to their
straw consumption.
This interconnection was without difficulty as Thorshøj, and Østervrå’s natural gas
producer HMN Naturgas would not accept the transmission line because HMN thought
that the connection was illegal due to Thorshøj and Østervrå should fulfill their natural
gas criteria and had therefore filed a complaint about the project [Nordjyske, 2014]. The
complaint resulted in delays in the process, but the claim was rejected, and the three
villages could thus establish a transmission line between Hørby, Thorshøj, and Østervrå.

Figure 4.2. The three villages demand, losses, and temperature in their system [Thorshøj
Kraftvarmeværk, 2018; Østevrå Fjernvarme, 2018; Larsen, 2018]

Compared with the size of small district heating companies, this case has a heat demand
of 27,235 MWh annually with grid loss, which corresponds to approx. 100 PJ and thus
fits into the group of small district heating companies. The most significant heat demand
as shown in figure 4.2 is in Østervrå where the demand is 16,751 MWh followed by Hørby
with 7,506 MWh, and Thorshøj, at least, with a requirement of 2,905 MWh annaully at
the moment. The most extensive heat loss in the system relative to the other villages
are located in Thorshøj, which is because the consumers in Thorshøj live far apart. The
highest heat consumption per hour throughout the year is 9.1 MW, where it is 5.6 MW
in Østervrå, 2.5 MW in Hørby and 1.0 MW in Thorshøj. The type of district heating
companies in the three cities is suitable for a 3rd generation district heating. In their
district heating system, a supply temperature of 95 degrees is used while there is a return
temperature of 45 degrees. In all the villages in the case, there are corresponding heat
storages of various sizes to ensure the most stable and cheapest production in the villages.
In the current situation, the straw boiler in Hørby runs as the base load for the entire
system, but even though the straw boiler is running at full strength, it can not take all
the primary load all year round for all three villages. Hørby district heating company,
therefore, wishes to investigate which future options can provide a better economy, thus
giving consumers a lower heat price. The first thought was to invest in a larger straw
boiler that could meet the entire primary load, thus minimizing the natural gas demand
currently used.
All villages in the system are located in Frederikshavn Municipality, which is a climate
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municipality that will promote renewable energy. Additionally, they have a goal that
the municipality should be fossil fuel independent by 2030. The district heating in
Frederikshavn should better utilize local renewable energy resources and utilize the energy
sources better [Dehghan et al., 2014]. In this report, the case own scenario of a bigger
straw boiler and scenarios to fit Frederikshavn target will be some of the possibilities of
studying which scenario would be the best. These scenarios help will making Denmark
fossil independent by 2050. Although there may be differences in the various district
heating companies in Denmark, this case "Hørby, Thorshøj, and Østervrå" will be used as
an indicative project for this type of district heating company.
In the case referred to in the report, the district heating companies uses straw boiler as
its primary source of energy, and therefore other district heating companies, which have a
similar structure, can benefit from the calculations from here. According to [Grøn Energi
and Ea Energianalyse, 2016], another 48 small district heating companies in Denmark
have a comparable structure with straw boiler as their primary source of energy. In these
district heating systems, the straw boiler has an average base load of approx. 4 MW and
heat demand on average 79 TJ. Although there may be differences between each district
heating companies, the report’s case will be used as a guideline for this type of district
heating companies.

Figure 4.3. This figure shows the difference between the case used in this report and a similar
group. The statistics for the corresponding group are an average of the various
district heating companies. This reports case basis-load of 2.8 MW is also the full
load the boiler. [Grøn Energi and Ea Energianalyse, 2016].
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The methodology chapter is where the theoretical framework and methods of the report
will be presented. This chapter will show what perspective the report can point out in
the research question as well as which tools are the most useful to use and how the theory
and methods will be used throughout the report. Concerning the approach, the report will
use the Choice Awareness Theory to provide the basic understanding of the framework
that will go through the report. The report will use the data collection methods and the
two economic analyses, socioeconomic and business economic analyzes, and the scenario
analysis as well as the energy system analysis tool EnergyPRO, which all will form the
basis for the analysis.

5.1

Theoretical framework

When a district heating company needs to make a new investment, it is optimal in the
process that options are not eliminated beforehand when district heating company must
choose the right solution. Based on Choice Awareness Theory [Lund, 2010, 2014] it
is all-important that decision makers are so objective that all possible alternatives are
investigated. The main point is to make the district heating companies aware that there
are more than one choice to select. The district heating companies are not required
to investigate all the opportunities, but according to the Choice Awareness Theory all
possibilities need to be investigated to assess all the pros and cons of the various projects.
According to the Choice Awareness Theory, there is a risk of not seeing all possibilities
in the process if there is a technology shift e.g. going from fossil fuel to renewable
energy investment. Inside a local district heating company, the management can have
a narrow knowledge of the possible technology shift and can therefore abstain from these
technologies. A challenge from the district heating companies can be their knowledge in
the field of new possible technologies. Consequently, there may be some district heating
companies that can only identify few choices because they only have a local experience,
whereas other district heating companies can have numerous opportunities. Therefore,
knowledge of new technology is essential to the district heating companies, so that these
companies realize that they have more alternatives to choose between. There can be
resistance from the manufacturers which have an economic benefit of the current situation
trying to convince the decision makers of the alternatives, which would fit better for their
purpose and knowledge. It can arise from different organizations and actors interested in
maintaining current energy sources, and if they have significant influence, they are more
likely to change the focus and control the debate following their premises. There can
also be some political decisions which can cause district heating companies to feel that
they have no choice of their investments due to the district heating regulation, "Executive
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Order of the Act on Heat Supply, which be explained in 6.1 on page 27. In doing so, they
risk making decisions without considering how it can affect, e.g., environment, health, and
society in general.
About Choice Awareness Theory [Lund, 2010, 2014], the purpose of this report is that the
case should not be arranged, so there seems to be only one choice, but other alternatives
are highlighted. The knowledge of which technologies there exist in this particular field
will be important to show in the analysis. It is, therefore, necessary to include several
different alternatives in the case and not just a specific solution. The theory must form the
basis of how the analysis compares the data from the various technical scenarios and thus
determines which scenario is best. The choice must be based on a subjective assessment
of the preferences that are the most important. Furthermore, the analysis shows how the
restrictions on the choice of district heating’s economic intentions affect district heating
companies. Additionally, the analysis shows how the political decisions have affected the
potential of district heating systems, but also how some initiatives will help the district
heating sector in the future. Although there may be disagreements about the direction of
district heating companies, it is essential according to the Choice Awareness Theory that
all information is presented, which the report will contribute.

5.2

Data collection

Data collection is needed for the analysis to answer the research question. Data collection
in this report come from interviews and technical data. In the report the technical data
will constitute as the main data collections and the interviews make up a minimal data
contributor for the report. The technical data on the current system the report has received
from the case, while other data is from the technology catalog [Danish Energy Agency,
2018a,b] or from the district heating legislation [PWC, 2017; Retsinformation, 2017b].
The technical data will include specifications of the lifetime, operating costs, investment
prices and the size of the various heat production units. The technical data about the
demands from the villages and the transmission line is provided from the case area to get
an idea of how the system in the case is built. The data form the technology catalogue
gives a more general overview of the individual production units, which will be used in
the scenarios, and is comparable to each other and is therefore useful for this report. As
data from the technology catalogue in general for Denmark, there may be a difference in
the requirements of district heating companies, which can provide different prices, e.g.,
cheaper fuel or investment cost. Based on these technical data, the report can provide a
foundation for the different scenarios systems for comparison.
The information you get about the district heating sector through articles, releases, and
reports will not always give the report enough data. Therefore, the report has chosen to
use interviews to collect new data. The interviews will as mention in the previous section
be a minimal data source for the report, but on the other hand, these interviews in the
report will act as an additional reason for to validate opinions from other sources. The
advantage of using the interview is that the report can also get interviewees’ values, and
knowledge they have about the topic. These opinions are considered when used in the
analysis [Kvale and Brinkmann, 2009]. This report will use the semi-structural interview
form. This form of the interview implies that interviewees have received the questions in
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advance to prepare for the interview. If the answer to a question gives rise to an elaborate
question, it is possible to do so it in a semi-structured interview form. The interview guide
to the interview for this report is the subjects that were important to the report analysis.
These subjects are not the same for the two interviews due to the different knowledge from
the interviewees. The purpose of having an interview guide is to be sure that the interview
goes through all relevant subjects for the report. The subjects and the questions to the
interviews is in the appendix A.
When selecting respondents for this report, it has been decided to focus on a local area. In
this specific case that limits the number of respondents. Based on the choice of case, Jens
Larsen, the heat chief from Hørby district heating and Jacob Staufeldt, who is a heating
planner from Frederikshavn Municipality are the interviewees. These two people deal with
the energy area in the municipality. The reason for choosing these two interviewees is to
get local expert knowledge about the area why the case is located. Choosing an interview
rather than a questionnaire is that it allows you to go deeper into the problem and get
more detailed answers than it is possible to get in a questionnaire.

5.3

Energy system analysis tool

In finding out which technical scenario is the best in the "Hørby, Thorshøj, and Østervrå"
case, it is about finding a tool that will help you to analyze the technical scenarios. This
tool will in this report be EnergyPRO. EnergyPRO is a model-based simulation program
for energy systems made by EMD international [EMD International, 2018]. EnergyPRO
is designed to simulate individual systems, such as one or a few district heating systems.
This tool is therefore ideal for this report considering the design of the case as three small
contiguous district heating systems. If the simulation should be made over large areas like
a whole region or country, EnergyPRO would not be the preferred simulation program as
it is a detailed analysis tool and therefore such a system will be very complicated and timeconsuming to make in EnergyPRO. . The simulation in EnergyPRO can find out how much
the different heat production units will produce for the demand throughout different time
of the year in the location. In EnergyPRO it is possible to add every single heat production
unit e.g. a boiler or a heat pump. As mentioned, EnergyPRO is a simulation tool, which
can make different analysis depending of what calculation module of EnergyPRO that
should be used in the analysis. In this report, the calculation module system being used is
the "Finance" module, as it is possible to set the system to simulate over multiple years and
to involve investments in this type. In the [Danish Energy Agency, 2018a,b] is the price in
euro, but in this case analysis it is in Denmark and therefore using DKK in EnergyPRO.
The values is converted from EUR to DKK with the calculation value of 1 EUR = 7.45
DKK. In EnergyPRO, it is a time step to simulate for each step what production unit
will be the best to operate at the given time. In EnergyPRO, time step can be made
every 10 minutes, however, in this report, the EnergyPRO standard will be used which is
one-hour time step. In comparison to making simulations in EnergyPRO, as realistic as
possible, it is therefore possible to add electricity prices and weather data for the current
area. The electricity price and weather data will be the latest data set in EnergyPRO,
but for this report will only use the weather data. The electricity prices will follow the
price expectations from the Danish Energy Agency [Danish Energy Agency, 2017b]. In
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the simulation of the systems in EnergyPRO will be using the calorific value of the energy
sources also be included together with the different efficiency from the production units.
It is also possible to choose which operation strategy EnergyPRO should follow. There are
two options, and the first option is that EnergyPRO chooses to run the heat production
unit that has the cheapest production price at the given time. The other strategy is to
do it manually, e.g., there is a particular production unit to run regardless of what the
production price is for the given production unit. The time profile for the system will in
EnergyPRO be simulated as from 6-9 in the morning it will have a factor 1.2 compared to
rest of the day as a factor of 1. The heat production units lifetime are determent how many
years the simulations should run of. The simulation will take the heat production unit,
which have the shortest lifetime and use for all scenario. For these scenarios in this report
will the simulation run over 20 years. If the heat production units have a longer lifetime
than 20 years it will be calculated as a scrap value for the system. It will be calculated as
a linear depreciation for the production unit and the leftover after 20 years will be added
as a profit. The simulations will run from January 2020 to December 2039 and the reason
to selected 2020 at the start point is that the investment likely could be finalized to this
time. Since simulations in EnergyPRO in this report will run over 20 years, fuel increases
and taxes on heat production units will be included. How the future prices for fuel prices
could develop will the report use the forthcoming numbers from Danish Energy Agency’s
calculations [Danish Energy Agency, 2017b].
In EnergyPRO, will not be run any reference system due to many of the production unit
will needed to be replace in the period. The different technical scenarios will be set in
the system, where different fuel consumption and operating costs for the scenarios will
be simulated and analyzed. By using EnergyPRO can the report also set up a minimum
and maximum load the different heat production units. The simulations in EnergyPRO
will be made of the current 3rd generation district heating and the same scenario in a 4th
generation district heating system (4GDH). The 4GDH system will be a simplify model,
where will changes in the lower temperature in the case system. Furthermore, will a higher
efficiency for the production units and a reduced grid losses. In the scenarios will the new
heat production units replace the current production units. Therefore the heat storage
in the villages will be the only current units use in the scenarios in the report. The heat
demand for the case system will decrease during the period due to savings mentioned in
the introduction. The case system will in EnergyPRO be built up as three locations, where
the different heat production units in villages will be added into EnergyPRO. Between the
three locations there will be the transmission line there linking the three villages together.

5.4

Scenario analysis

This report will focus on different scenarios. In this report will use the scenario analysis
called the policy-scenarios due to follow Denmark goal of being fossil fuel independent by
2050. Therefore will all the scenarios in this report following this direction. The scenarios
will follow the technologies, which are most trending . This analysis will not account for
all possibilities, but choose the production units, which will be a key factor in the district
heating sector towards the future [Kosow and Gassner, 2008]. In a scenario analysis it
will be how the future will develop for an area as the district heating sector in the future
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and it will follow how the trends are for the district heating sector. Compared to the
sensitivity analysis a scenario analysis focusing of a changing a whole system like a district
heating system, where a sensitivity analysis only focus of change one value in the system.
All scenarios in this analysis will be realistic and not use any technologies which not
are existing on the market. An advantage for using a scenario analysis is it possible to
investigate multiple numbers of future scenarios to how the case system could develop. By
using more than one scenario in the analysis is it possible to have different composition of
how the district heating system should be in the future. By creating different scenarios, it is
possible to see what pros and cons there are for the different scenarios. It can be discussed
which scenario will be the best in different parameter e.g. technical or economically. At the
end of the analysis of these scenarios, the environmental issues, investment cost, operating
costs, tax will also be assessed for each scenario. In this report will be used medium-term
analysis as the scenario will be evaluated of 20 years. The critic for a scenario analysis
is the scenarios often is made of the based of random selections and coincidence without
any justification to do the mix. In this report will the critic of the scenario analysis be
discuss. For a scenario analysis there can be endless numbers of scenarios due to the
different combinations of production units there can be mixed [Kosow and Gassner, 2008].
This report cannot focus of a lot of scenarios for the case, but will select a few scenarios
to the case even though the report knows it will limited from some possible solutions.

5.5

Economic analysis

District heating systems are always tied up to the "nonprofit principle" 1 to give the
consumer the lowest price of heating. If new investments are to be made, there are
various analyzes that the district heating company must assess to find the district heating
solution to be chosen. Different economic analyzes can be made in the energy sector.
This report focuses on the two primary economic analysis methods - the socio-economic
analysis and business-economic analysis and why these analyzes are chosen in the report.
The two economic analyzes are chosen because they, together with the user economy, is the
mandatory economic analysis for a district heating company. Furthermore, the economic
analysis will show the economic results from scenarios, which will be analyzed and to help
to decide which scenario the district heating company should invest in. In the economic
analysis, a discount rate is used to find the present value of future prices. In this report,
a discount rate of 4% will be used in the socio-economic analysis, which is the discount
rate used for socio-economic analysis in the energy sector in Denmark [Finansministeriet,
2013]. The economic analysis is calculated at 2017 prices, as it is the prices used by the
Danish Energy Agency in their future calculations [Danish Energy Agency, 2017b]. All
these calculations will take place over a 20 years period. The calculations from the two
economic analysis will give present value of the scenario. The calculations of the net present
value and the investment cost is done in Excel. The cost from the calculations should be
pay as the district heating price, which indicates a bigger deficit from the scenario will give
the consumers a higher district heating price to pay.
1

" Danish phrase; Hvile i sig selv princip
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5. Methodology

Socio-economic analysis

According to the regulation of district heating systems, a socio-economic analysis must
be made before a new investment in the district heating sector can be approved, as the
new investment in the district heating company will also be a good investment for Danish
society. Therefore, the report uses the socio-economic analysis as one of the economic
analyzes. In the socio-economic analysis, will it be possible to see which investment
scenario benefits the society most. This perspective suggests that this economic analysis
focuses more on which investment is best for society than what is best for the company.
In the socio-economic analysis, taxes on fuels or production units will not be calculated.
The socio-economic analysis methodology used in this report is intended for investments
in the energy sector. [Danish Energy Agency, 2007]. In the socio-economic analysis will
only the value of investment cost, fixed cost and variable cost be used [Danish Energy
Agency, 2018a,b]. In the socio-economic analysis, there are different parts for building
the analysis. The first parts is to find the calculation assumptions of [Danish Energy
Agency, 2017b], which, as mentioned in the energy system’s analysis tool section 5.3 on
page 21, consist of future fuel prices, electricity prices, and calorific value. Following the
calculation assumptions, the report will contain investment prices for the scenario and the
operation and maintenance concerning the scenario systems. The environmental issues
as what the scenarios will emit will also be calculated for the production units. Then a
part called the net tax factor which is a added cost to show what the market cost for the
scenarios. In this report the factor will be 1.325 [Finansministeriet, 2017]. The next point
is how the state gains profits from the scenarios based on the taxes that district heating
companies have to pay. In 2017 was tax distortion factor changed from 1.2 to 1.1 added
to the socio-economic results [Finansministeriet, 2017]. These points are called for narrow
socio-economic analysis. The new investment can thus have a local socio-economic impact,
which the existing system does not have. For example, a local effect is an indication of
how the security of supply is in the scenarios or how the investment will impact the area
physical. If the local effects are added to the socio-economic analysis, it will be a broad
socio-economic analysis. Both in a narrow and broad socio-economic analysis, the overall
result will have some uncertainty due to the use of future prices. Subsequent, a sensitivity
analysis will be prepared, and this sensitivity analysis will contain the values that affect
the overall result most. In this analysis section, changes will be made to these values to
see what effect changes have on the result. In this report will use a small broad-economic
analysis, and in the sensitivity analysis will changes of fuel prices, investment costs, and
discount rates be investigated.

5.5.2

Business-economic analysis

The second economic analysis in this report is the business-economic analysis. The result of
a business analysis shows what the actual investment costs and operating costs will be for
the district heating company. The main difference between the socio-economic analysis and
the business-economic analysis is the taxes from fuels and production units are recognized.
By incorporating these taxes, the business-economics analysis shows the best scenario for
the company and necessarily not what is best for the society. A business model can be
made of different methods, and in this report, the operating cost method will be used
[Dansk Fjernvarme, 2015]. Using this method, the analysis will find the scenario that has
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the lowest operating costs including taxes. The scenarios are optimal if they are better for
the district heating companies than the reference. In this report, will the reference system
not be simulated due to the late expire date for the production units. The taxes are stated
in the law the district heating sector following [Retsinformation, 2017b; PWC, 2017]. The
discount rate in a business analysis is usually higher than in the socio-economic, but the
exact discount rate is not known. In the business economic analysis, the assumption will
be a discount rate of 5%. Due to the uncertainty, the sensitivity analysis will show a
more significant difference by a 3% points in the discount rate in the business analysis,
which investigate 2% and 8% in the sensitivity analysis. Once the report has examined
all scenarios, there is the scenario that has the lowest cost for the company. And if it
results in lower costs for the company, because of the "nonprofit principle", it will benefit
consumers who get a more economical heat price.
By making these two economic analyzes, it will be possible to see which scenario provides
the best economy for the society and the local district heating company.
The methodology should give the tools to answer the analysis, but the current regulation
is for small district heating areas need the report also to follow.
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The analysis will show what the current regulations is for the small district heating areas.
Furthermore, the technical analysis will all the scenarios are selected. Next, the economic
analysis will show the best economical scenario. Finally, the political part will investigate
which barriers exist and what policy initiatives will help the district heating sector to go
in the fossil fuel-independent direction.

6.1

Current regulation

In the sector of small district heating companies, some regulations set the framework for
how the small district heating areas will develop in the future. In this chapter, these
regulations [Retsinformation, 2017a,b; PWC, 2017] will be used unless otherwise specified.
The primary law for the district heating sector is the "Executive Order of the Act on Heat
Supply", supplemented by the "Executive Order of the Electricity Tax Act" 1 ".
The district heating sector not only follows a particular regulation, but there are several
to be taken into account before new energy investments are made in the district heating
sector. As mentioned in the introduction, the purpose of the district heating law is to get
the most socio-economic and environmental solution for the investment. The Ministry of
Energy, Supply and Climate may impose on the district heating sector that they are subject
to international requirements, like as Denmark, which has committed to following the EU’s
energy targets. When a district heating companies plans to reinvest, it is the municipality
that has to approve this investment. According to the law, there will be situations where
the municipality can decide how companies will be developed, in those case where they
are owned by the municipality, such as the "Nordjyllandsværket" in Aalborg.
In the regulation for the district heating sector, there is a law that prevents district heating
companies from choosing any production unit technology. The law states that district
heating companies that supply both heat and electricity should continue to produce heat
and power, also called CHPs. The reason is that the CHP plants work as a backup system
that can produce electricity if the primary production suddenly failed. Because of this law,
district heating companies cannot choose a production unit that only generates heating,
although this investment will be the best socio-economic for the district heating company.
Another part of the law deals with the fuel linkage. This law requires district heating
companies that use natural gas today to be forced to maintain this heat production and are
not allowed to minimize the energy consumption of natural gas. District heating companies
are not allowed to change their natural gas production to, e.g., biomass production because
1

Bekendtgørelse af lov om afgift af elektricitet
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the change will minimize natural gas production in the system. However, in exceptional
cases, these district heating companies may be authorized to install 1 MW straw boiler
to stabilize the price. The fuel linkage was developed for use Denmark’s natural gas
resources, when the natural gas was found in the North Sea. In the energy supply, which
the government has just come up with, it is proposed that the fuel linkage and co-generation
requirement will be abolished for the small district heating areas by the beginning of next
year (2019) [Energi-, Forsynings- og Klimaministeriet, 2018].
The regulations are not only about the type of heating production unit that district heating
companies can use but also taxes and subsidies in the district heating sector. All energy
sources are subject to several types of taxes. Biomass sources are subject to NOx and sulfur
tax from the environmentally noxious product emitted during the process. Depending on
the biomass source used, the NOx and sulfur charge are different from source to source.
Natural gas and other energy sources emitting CO2 will be subject to taxes on these
emissions. The natural gas will receive an energy tax and a NOx charge as an additional
cost. Furthermore, co-generation has a higher tax on NOx and methane than a boiler.
On the other hand, co-generation receives an annual subsidy for backup to the electricity
market in Denmark, which is called the basic amount [Energi Danmark, n.d.]. This base
amount expires at the end of this year and no additional subsidy has been initiated for
compensation. The power plants will also receive subsidies, e.g., the feed-in tariff for
the engine, as they should be back up for the electricity market. The heat pumps and
electric boilers that use electricity as a heat source will be charged an electricity tax
when the electricity is used for space heating. In case of use of geothermal energy, this
must be approved by the municipality before drilling after water commences. The taxes
for geothermal energy are based on which production unit will be used for heating, e.g.,
a heat pump. The solar collectors have not in the current regulation law for the district
heating sector imposed any taxes for this heat production unit. When the industrial energy
is used for the district heating sector, the process heat from industry will be subject to a
tax. A tax that has been introduced for the improvement of renewable energy is PSO, but
the PSO is being phased out by 2022, where PSO no longer exists [Energi-, Forsyningsog Klimaministeriet, 2016]. Therefore, the report will delineate from the PSO rate in the
analysis because it will not be part of the future energy regulation in Denmark.
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Figure 6.1. Overview of what regulation the small district heating areas should follow from the
laws in Denamrk [Retsinformation, 2017b,a; PWC, 2017]

6.2

Technical scenarios systems for the case

In this section will present what possible scenarios solutions there can be for this case. As
in the current system have natural boilers and engines deliver a part of the production in
the case system. The energy sources selected for these scenarios should help the case being
less dependent of the fossil fuel plants in the future. Other existing fossil fuel production
units as coal or oil will not be investigated as they will be phased out in the district
heating in the near future. A renewable energy as wave energy will not be added due to it
is impossible to use in the case and the technology is still in the development phase. This
section will be [Danish Energy Agency, 2018a,b] as the main source unless other sources
is mentioned.
The analysis will first review the possible technical scenarios in the case. Selected scenarios
must meet the criteria for being free of fossil fuels, which will minimize emissions of fossil
fuels in the case. The production units which will are selected is according to [Mathiesen
et al., 2015] for how the future in the smaller district heating areas are using. The selected
scenarios will be simulated in the EnergyPRO calculation tool. 4th generation district
heating will be part of the future district heating network. In this analysis, the scenarios
will be simulated as a 3rd and 4th generation district heating system to see the difference
between generations due to the research question part of how 4th generation will help.
There will be three scenario, chosen from the technical production units that are possible
in the case. What energy sources will be possible depends on which energy sources will be
available in the smaller district heating areas. According to the Choice Awareness Theory,
all possible sources of energy in the case must be investigated. The report will closely follow
how energy sources will be used in the energy sector in the future according to [Mathiesen
et al., 2015], to examine which energy sources will be useful in the small district heating
areas. For the different production units section will the advantage and disadvantage be
investigated. Furthermore, it will contain how good investment the production unit will be
to install in the case system, which all production units sections will be investigated below
[Danish Energy Agency, 2018a,b]. Thereby it will be possible find the renewable energy
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source, which are most likely to be installed in the case as the scenario for the report. The
energy sources which will be investigated for the small district heating area are;
•
•
•
•
•
•
•
•

Biomass - CHP and boilers
Waste incineration
Biogas
Geothermal energy
Heat pumps
Electric boilers
Solar collectors
Surplus energy

Biomass energy
Biomass is as mentioned in the introduction the most popularly used energy source in
the district heating system. Biomass is not only one specific energy source, but multiple
biomass options. The most normal sources used for biomass is wood pellets, wood chips
and straw, but are many other options. Biogas is a production unit which use biomass as
energy, but will be explained in a different section due to the different function than biomass
production units have. The conversion from fossil fuels to biomass is more accessible due
to the biomass can use the CHP or the boiler as the fossil fuels sources using. The weather
can impact the biomass production as the harvest of straw or cutting down the tree can
differs yearly, which is less fluctuating than the wind or solar as an energy source. The
biomass have a benefit more compared to the fluctuating energy as biomass can be stored
and be used for where the heating demand is higher. Biomass as a source is not 100 %
exhaustive as solar or wind energy due to it is necessarily to replant the biomass to keep
having it. The biomass energy sources have a low economic operations costs due to no
taxes. The different sources of biomass come also from different purposes and therefore
also different how good the source is for the environment. Most of the wood pellets used in
the production is important from different countries where the cutting trees only purpose
is making wood pellets [Økologiske Råd, n.d.].Another biomass source is straw which is
a surplus source from the harvest which why straw the primary purpose is not to use
it for heating. Furthermore, is that the straw is a local energy resource. At the view
of biodiversity can how land areas the biomass is produce from. The areas where wood
pellets are made from is production field of woods which is not a good biodiversity. And
if the wood pellets production replacing food production areas will damage even more
[Energistyrelsen, 2014a]. When the biomass are used for heating it emits some emissions,
but the lifetime of the biomass process is CO2 neutral. Therefore it is needed to continue
to plant tree, which can compensate the emission from the burning of the biomass. In
the future energy system in Denmark should biomass be a base-load source to backup
the fluctuating energy sources. Considering the case situation they already are using
the biomass source straw in a boiler, which assumes that they have the experience to
handle a biomass source. The straw production has a significant potential according to
[Mathiesen et al., 2015] in Denmark. The biomass production should only be significant in
a temporarily period in the district heating sector. In the case area is straw a possibility
and therefore a higher straw production for this case will be an opportunity [Larsen, 2018].
Waste incineration
The district heating uses the municipal waste from the citizens to produce heat. They get
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the waste from the city waste company to deliver the waste at an incineration plant, where
the waste will be burned, and the heat from the waste will be used in the district heating.
Waste is an energy source, which has a cheap fuel cost because they use people garbage.
Waste as an energy source is used in many of the most prominent cities in Denmark,
e.g., Copenhagen, Aalborg, and Aarhus. Therefore is waste a source family to the district
heating sector in Denmark. Waste incineration has a limited source as only can use the
waste people throw out, which also does that not all district heating companies can use
waste due there will not be enough waste. Denmark have started to split up their waste up
and recycle, which will do that the waste production potential will decrease in the future.
In the case of these three villages will switching from the current heat production units to
waste incineration be a challenge. The municipality where the three villages are located is
using their waste for waste incineration plants in Frederikshavn and Skagen [Forsyningen,
n.d.]. Even if Hørby, Thorshøj, and Østervrå could use their waste, it will not generate
a significant share of the total production to consider a waste incineration plant be the
primary production unit in the system.
Biogas
As the mentioned earlier biogas also using biomass as it energy source. Biogas can be
used in the same areas in the district heating sector where they use the natural gas due to
they can use the same pipes only need a upgrading to fit biogas production. An upgrade
of the biogas means it needs a better gas quality and easier to storage the biogas after
a upgrade. In a upgrade will the CO2 and H2 S (Hydrogen sulfide) be removed from the
biogas and will get a higher methane level in the biogas and give the gas a better calorific
value [Energistyrelsen, 2014b]. Biogas is converting biomass as waste water, liquid manure
or waste and make it to biogas. Biogas is compared to the biomass more expensive energy
source due to the taxes and production price, but lately biogas have received supplements
for using biogas [Energistyrelsen, 2014b; Larsen, 2018]. In the future will more areas
where biogas will be produced according to [Mathiesen et al., 2015], and some of the
biogas will be used for the transport sector. Therefore will all the biogas production not
only be provided to the district heating sector, which will make the potential for biogas
in the small district heating sector will not be as high as biomass production. In the case
perspective is the possible good as for the biomass, but the municipality does not expect
at the this moment the biogas will have a significant role in the district heating sector in
Frederikshavn Municipality [Staufeldt, 2018] and therefore should biogas production not
be this case’s top priority.
Geothermal energy
Geothermal energy is a source of heating water coming from water reservoirs in the ground
of Denmark. The heat comes from a water reservoir in the ground, where the temperature
rises on average 30 degrees Celsius for every km, you descend into the ground. The
method of getting the water from the underground is by draining the water through the
pipe and then exchanging it for heat. If the temperature is too low for district heating, it
is heated via a heat pump. The deeper the district heating company will go down into the
underground, the more expensive the investment costs will be. In Denmark, it is different
how far district heating companies are going down after the water reservoir. It can range
from 800-3,000 meters before they can get available hot water, which may be useful for
the district heating company. In the geothermal energy the temperature is between 30-90
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degrees Celsius. In Denmark, there will be some areas where it is too expensive to drill
for hot water and other areas where the hot water is not available, as shown in figure
6.2. It depends on the availability of hot water in the reservoir [GEUS, n.d.]. The main
disadvantages of geothermal energy are uncertainty, as there is no guarantee that water
will be available, even though feasibility studies indicate it. As the drilling for the water is
the most expensive part of this technology, it may require high costs even before there is
knowledge of whether there is hot water present. In Denmark, the Viborg case is the worst
case of drilling for geothermal energy. They drilled after water, which could be used as
part of their district heating. But after several attempts, they had to recognize that there
was no hot water in the underground. The cost of this failed geothermal experiment was
almost 170 million DKK [Henning Just, 2017]. Based on this case, other district heating
companies have gone in a direction other than the geothermal. Although the Viborg
case failed, other district heating companies have been successful in installing geothermal
energy in their district heating system. Geothermal energy represents a relatively small
current share, as it is only found in three district heating companies in Denmark. These
three geothermal companies have a heat production of 7,12.5 and 14 MW geothermal plant
respectively and even more significant when it added the heat production from the heat
pump [Geotermi, n.d]. In the future, it is expected that geothermal energy will enter
several district heating companies in Denmark. The production from geothermal energy
increase from 0.08 TWh to 4.6 TWh in 2050 for the district heating sector. When district
heating companies succeed in finding useful water, the geothermal energy costs will the
operation cost be low due to the fact that district heating companies can use the "hot
water" freely. The case is located in an area where there may be hot water available in
the underground. Furthermore, the three district heating companies, which already have
geothermal energy are a lot bigger than the case heat production. Therefore the size of
the geothermal unit together with the high costs mean that the district heating company
in the case may want to find other and more secure energy solutions before choosing a
geothermal production unit.
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Figure 6.2. What are the possibilities to use geothermal energy into district heating sector and
where in Denmark not is possible [GEUS, n.d.].

Heat pumps
In the future, cooperation between the electricity and district heating sector will be
expanded. A possibility for collaboration is the installation of heat pumps in the district
heating sector. There are primarily two main types of heat pumps - the compression heat
pump, which is driven by electricity to get the heat from a source, and the absorption
heat pump, which uses hot water extract heat from a water source. One of the advantages
of using heat pumps is that they are highly efficient, but the COP differs depending on
the input source used for the heat pump - whether it is seawater, groundwater or air.
The efficiency of a compression heat pump will typically have a COP of 3 to 5, and for
the absorption heat pump, the COP will be approximately 1.7 [Energistyrelsen and Grøn
Energi, 2017]. The primary factor for the COP is how much heat the heat pump can extract
from the water or air. More energy can be drawn out of water at a higher temperature;
thus a higher temperature difference is preferable. It gives a higher COP. An advantage
is that a heat pump is a production unit can switch the electricity to heat, for example,
if there is overproduction in the electricity sector, the heat pump can be used to produce
heat. Although the heat pump is highly efficient, it has to be produced for many hours
per year before it is profitable because the cost of investing in a heat pump is very high.
A heat pump is highly dependent on the electricity price and current taxes, as explained
in the regulatory section 6.1. The government has just proposed to halve the electricity
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tax on electricity, and the electricity tax on process energy under 4,000 kWh pr. year is
lowered from 0.914 to 0.664 DKK /kWh by 2025 [Energi-, Forsynings- og Klimaministeriet,
2018]. Although this proposal does not come true, it shows that the government will make
it easier to introduce heat pumps in the district heating sector in the future. According to
[Mathiesen et al., 2015], many heat pumps will be installed in the small district heating
areas as in their calculations will be install 1050 MW in the small district heating area.
Therefore, it is a likely scenario that many heat pumps will be installed in the future and
also the case area.
Electric boilers
Another scenario to including electricity in the district heating sector is an investment in
electric boilers. An electric boiler is connected to electricity as a fuel. An electric boiler
heats the water in the district heating network and can send it back directly to consumers.
The efficiency of an electric boiler is close to 100 %, but how good it depends on which
power source the electricity comes from. The electricity to the electric boiler is useful
as long as it comes from renewable energy, such as wind power or photo voltaic. But
if the electricity from co-generation, efficiency is less useful due to the co-generation has
low efficiency. For the heat production, electricity prices are important as it determines
what the cost will be for the operation of the electric boiler, but the electric boiler is more
affected than the heat pump due to the lower efficiency. A minimization of charges will
apply heat pump and electric boiler for a better investment. The high dependence on
electricity means that electricity prices help to make it difficult to use an electric boiler as
a base load, but more like a system support system, thus supporting other energy sources.
Solar collectors
A fluctuating source of energy like solar can be used to produce heat when installing solar
collectors in the district heating system. The solar collector uses sunlight for heating the
water. A solar collector is often placed on rooftops, or if the production need to be higher,
the solar collectors are installed in a nearby area close to the district heating company.
A district heating company could get about 0.5 MWh for each m2 of solar collectors
installed. As mentioned in the introduction, solar collectors produce most of the energy
during periods when the heating requirement is lowest. Therefore, solar collectors will
require heat storage during periods of overproduction of energy. The solar collector fits
well with the production in the summer, but during the winter period, the output from
the solar collectors will be minimal. The sun is a fluctuating source of energy, which makes
it difficult for the district heating company to have solar collectors as the sole source of
production for energy production. In a district heating system, optimal production from
the solar collectors will support 25% of total production, but can in extreme cases covering
up to 50% [Mathiesen et al., 2015]. Solar collector production may well meet a higher
proportion, but it will require the district heating system to install a seasonal storage.
There are significant investment costs in establishing a solar collector, but operating costs
are almost non-existent, as the maintenance is minimal. Solar collectors are a popular
choice in the district heating sector, as many district heating companies have installed solar
collectors in their district heating systems in recent years. The size of the solar collectors
varies from a small local system to the solar heating unit in Silkeborg, one of the largest in
the world. This development will presumably continue to be a more significant part of the
future in the district heating sector [Solvarmedata, 2018]. According to [Mathiesen et al.,
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2015] calculations will the solar collector go from 0.28 TWh in 2015 to 2.2 TWh in 2050
in the district heating sector. In the case perspective, the establishment of solar collectors
in their district heating system could be a reasonable investment that makes sense as a
supplementary prodution unit.
Industrial energy
An scenario energy source is industrial energy that comes from the surplus production of
a company that can be delivered to the district heating system. Industrial energy occurs
when production companies extract process heat as a byproduct in their production, which
would otherwise be wasted. Industrial energy follows industrial production, so if there is
stable production throughout the day, heat dissipation to district heating is also stable.
In Aalborg district heating system, Aalborg Portland is deliver their industrial energy to
the district heating. Industrial energy is facing some changes in the future as a result of
changes in the energy sector. Biogas production provides a by-product that can be used as
industrial energy, and this production will be located all around Denmark [Dominik Rutz,
2012]. Biogas production as an industrial production could also be an scenario in the case
[Dominik Rutz, 2012]. In areas where industrial energy in the district heating sector does
not exist today, is there an uncertainty to if the industrial energy could be an option in five
or ten years. If industrial energy is a part of the system, it will be a priority, as production
costs will be minimal since the energy comes as a by-production. In the case, it is unclear
whether industrial energy can support their system. In Hørby some industrial companies
could provide energy for the district heating, but it is uncertain whether these industries
will provide heating due to the weak economic profit they will be able to get on this supply.
[Larsen, 2018].

Selected energy sources
The energy sources that should be chosen in scenarios will be the energy sources that
are most beneficial to the case in the future. Waste incineration is an option, but it is
very complicated due to the large amounts of waste to be used, which, already occur in the
municipality; The industrial energy is another option, but the potential is currently unclear.
Therefore, these two energy sources will be sorted from the selection. The geothermal
energy is a very risky and expensive investment for a small district heating company, and
therefore it is difficult to see this investment implemented. Frederikshavn Municipality
cannot currently see a development of biogas in the area due to the establishment of
facilities close to the municipality. Instead, biomass in the form of straw is an energy
source that is already used in the case, and thus they already know about using biomass
in their system. A CHP plants using biomass will not be chosen because of the lower
efficiency of heat production relative to the boiler. As the heat pump and the electric
boiler can contribute to the integration of more electricity in the district heating sector,
they will be considered as beneficial production units in the case. The heat pump is another
good investment due to the higher efficiency. The more hours these two power plants can
run over a year, the more economical they are in the case, even with the high investment
costs that are included. The solar collectors can produce a significant part of the demand
in the summer, and even in winter, it is possible that solar energy may be used due to
seasonal storage. Investigations of the results of this report will show scenarios that will
be based on 1) straw 2) electricity and straw and 3) solar heat, electricity, and straw. In
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the straw scenario, the focus will be on investigating how an exclusive straw production
will cope with the other scenarios. In the second scenario, where the primary source of
energy is electricity used by a heat pump and an electric boiler, supported by a smaller
straw boiler, it will be investigated whether this scenario would be preferable. Finally, in
the last scenario with many production units, namely solar collectors, heat pump, straw
boiler and electric boiler, it will be investigated how this scenario performs concerning the
other two scenarios. The selected scenarios to this report are:
• Straw
• Electricity and straw
• Solar, electricity and straw

6.2.1

Production in EnergyPRO

As mentioned in the introduction, the demand for heat will be lower in the future, which
means that heat production in the case will also be lowered. According to [Mathiesen
et al., 2015], in heat production with losses, it will be possible to reduce the demand for
space heating by up to 40%. To achieve this heating reduction, the average demand for
heating should be reduced by 1.6% per year from 2018 to 2050 and in the figure 6.3 is
shown the case period from 2020 to 2039. The consumption of hot water remains the
same during this period because this behavior is not significantly changed in the future
[Mathiesen et al., 2015]. In the 4th generation district heating systems will the grid losses
fall by 6% during the period in switching from 3rd to 4th generation district heating [Rosa
et al., 2011]. For the period will it means a decrease demand of 327 MWh over the 20
years period. The difference between space heating, the demand for hot water, and the
grid losses is 60% for room heating and 20% for hot water consumption and 20% grid
loss in the system at the start of the figure. Space heating will reduce the share of total
production in the future. Initially, the production will be 26,716 MWh annually for the
scenarios at the staring point in 2020 with the losses in the villages. The heat savings
is split between the three villages will be of vital importance for their production, and
therefore the savings in space heat demand will be highest in Østervrå and the lowest in
Thorshøj. The scenario technical systems will only run over 20 years and will only take
demand up to 2039, which amounts to 22,540 MWh in 2039. The development of the heat
demand will be followed in the simulations in EnergyPRO.
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Figure 6.3. Shows how the heat production in 4th generation system will development in the
case period (2020-2039) [Mathiesen et al., 2015]. This development will be used as
the demand for the case in EnergyPRO. The grid losses will stay the same the hole
period for the 3rd generation systems.

The scenarios should be able to deliver the peak demand in the system. The peak demand
with the losses in the villages is in 2020 in the three villages 8.2 MW, where the need is
divided by 5.0 MW in Østervrå, 2.3 MW in Hørby and finally 0.9 MW in Thorshøj. In
the simulations in EnergyPRO is the transmission line losses added. The reason for using
the demand from 2020 is that it is the year in which demand in the case’s system will be
highest, as demand is falling in the following years. The lowest demand during for an hour
in the case in 2020 is 1.2 MW.

Figure 6.4. The duration curve for the total heating demand for the three villages in year 2020
with the losses in the three villages.

6.2.2

4th generation district heating system

The scenarios will both be made in a 3rd generation district heating (3GDH) and 4GDH
to if a 4GDH can help the district heating system towards fossil fuel independence. The
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focus area in the 4GDH will be the reduced grid losses potential, a lower temperature in
the district heating network, a higher efficiency from the heat production units and bigger
storage due to a lower temperature difference in the storage. As mentioned before will the
grid losses be 6% and the reason it not will be higher is due to the size of the district heating
system in the case [Rosa et al., 2011]. The temperature will go from 95/45 in supply and
return to 55/25 in the 4GDH. The reason to take 55 degrees as the supply temperature
is this temperature about the lowest it can go without a booster [Lund et al., 2017]. The
approach of the development higher efficiency in the 4GDH following the reports have
stated the 4GDH will give a higher efficiency in the production units [Rosa et al., 2011;
Lund et al., 2017; Danish Energy Agency, 2018a,b; Lund et al., 2014]. The heat pump will
increase from COP of 3.6 to 6. The solar collectors have a potential to exploit the energy
from the sun better and this development will give a higher production from the solar
collectors. Consequently, the heat production from solar collector will be around 0.6 MWh
pr. m2 compared to the current heating production of 0.5. By the lower temperature in
the storage will the capacity will be smaller, but in the scenarios will the storage in 4GDH
get the same capacity as in the 3GDH scenarios with additionally cost.

6.2.3

Existing system

The reference system shows how the current system is built, but this system will not be
simulated in EnergyPRO. The reason is that most of the existing production units in the
three villages are close to their expiration date. Therefore, it will be necessary to replace
all the current production units for could to simulate the current district heating system
as the reference system, which will be expensive. For this reason will not be simulated a
reference system. This section is about the existing district heating system in the three
villages. In Hørby there is a 2.8 MW straw boiler connected with a 905 m3 heat storage.
As shown in the figure 6.5 there is also an oil boiler in the Hørby system, but it is only
a spare part in case of missing delivery. Østervrå is the most important village, as they
have the highest demand, where their production units consist of two natural gas boilers,
a natural gas engine and an electric boiler. A 1350 m3 heat storage is connected to this
system. Thorshøj has, like Østervrå, a natural gas boiler and engine, but in Thorshøj the
size of the production units is smaller because there is smaller demand. A heat storage is
also connected to this system and has a size of 650 m3 . The three villages are connected
to a transmission line with a capacity of 2.5 MW and a heat loss of 8%.
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Figure 6.5. The current system in the case, which will be the reference system for this report
and simulated in EnergyPRO [Thorshøj Kraftvarmeværk, 2018; Østevrå Fjernvarme,
2018; Larsen, 2018].

6.2.4

The technical scenarios for the case

In the technical scenarios will the different scenarios, have different focus areas, such as
biomass, electricity and solar collectors. In the scenarios, investment prices, environment,
operation, and maintenance are used in the following section of the report "Technology
Data for Energy Plants" [Danish Energy Agency, 2018a,b].
•
•
•
•
•
•

District heating boiler, Biomass fired, straw boiler
Heat pumps
Electric boilers
Solar district heating
Seasonal heat storage
Large-scale hot water tanks

As evidenced by the energy system analysis 5.3 on page 21, the scenario system will replace
the current production units. The scenarios production units can be divided between three
villages if it improves optimization due to a lower heat loss. There will be different reasons
for choosing the individual scenario which will consequently be elucidated.
The three scenarios have been selected and a detailed description will be made as a 3rd
and 4th generation district heating system. Looking at how the different scenarios will
be built up and why the size of these production units are chosen. In all three technical
scenarios, production units in Thorshøj will be removed, as these production units only
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run a few hours a year, so there is no reason to keep them running. The heat storage may
vary of different types depending on the size of the heat storage unit. In this report, the
heat storage installed in the scenarios will be hot water tanks. In the scenario where there
are solar collectors, seasonal storage will be installed. The seasonal storage will be a pit
storage as it is the most common seasonal storage in Denmark. In all three scenarios in
the three villages, will straw boilers act as backup boilers in case of failure of one of the
main heat production units.
Straw scenario
In this scenario, the district heating system is running only by biomass. The difference
from the existing system is that in this technical scenario a more substantial proportion of
production will come from two straw boilers. The scenario will have the two straw boilers
placed respectively in Østervrå and in Hørby. The current straw boiler in Hørby is replaced
by a new straw boiler because the life of the current boiler runs around 2028 [Larsen, 2018].
As demand is highest in Østervrå and to minimize heat loss in the transmission line the
largest straw boiler will be located in Østervrå and the smallest in Hørby. By switching
from natural gas, straw boilers will ensure lower production from fossil fuels. The electric
boiler in Østervrå will also be removed, as the focus of this scenario is directed at how
only a biomass production will work in this case system. The size of the straw boiler in
Østervrå will be 3.5 MW, where the boiler in Hørby will be 2.5 MW, and both boilers will
be able to deliver the entire heat consumption in Thorshøj. The reason for a total output
of 6.0 MW from the straw is a stable source and as shown in figure 6.4 on page 37 not
many hours where the demand is higher. Therefore can the a stable production units total
possible production be around 60-75% of the total demand in the system due to it can
storage heat to the peak demand periods. This scenario is structured as shown in figure 6.6
on page 42. In EnergyPRO, the straw boilers will run with an efficiency of 102% and will
have four weeks planned outage during the year. In the simulations, the minimum load
for the straw boilers will be 50% of full power.
In the 4GDH scenario will change of the different heat storage in the system to fit the
around the same capacity in the storages. Østervrå heat storage will go to 1350 to 2250
m3 , while in Hørby will go from 905 to 1500 m3 and Thorshøj will raise from 650 to 1050
m3 . All 4GDH changes will in the figure 6.6 shows as the numbers after the slash.
Electricity and straw
In this technical scenario, electricity will be the main production units with the support
of a straw boiler. This scenario shows how a significant use of electricity in the district
heating sector will do in the case in the future. In Østervrå, all production units will also
be removed and a heat pump will be added. The reason for not remaining the current
electric boiler is because an electric boiler has a lifespan of 20 years, which means that the
existing boiler must be replaced during the 20 year period. In Østervrå, a 1.4 MW heat
pump with a COP of 3.6 is added, which will generate 5.0 MW of heat from the heat pump.
The heat pump using ground water as the heat source due to it is located many areas in
Denmark and the temperature from the water is stable around the year [Energistyrelsen
and Grøn Energi, 2017]. In this scenario, a smaller straw boiler of 2.0 MW will be added
in Østervrå. There will be install a straw boiler is to make this scenario less dependent on
electricity prices. The new electric boiler has a full lifetime. The new electric boiler in the
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system will be a boiler of the same size of 3.0 MW will be placed in Hørby as shown in
figure 6.6. Also in this scenario, heat storage in Hørby will be larger. In Hørby, the heat
storage will go from 905 to 1500 m3 . The reason for having more excellent heat storage in
Hørby is since heat production from the electricity production units do not always follow
demand, and higher storage will be required in periods when electricity prices are low. In
the simulation, the heat pump will have a COP of 3.6 including one week of scheduled
planned outage. The efficiency, planned outage and minimum load in the straw boiler will
be the same as in the biomass production scenario. The electric boiler has an efficiency of
99%, but it does not include planned service. The minimum load for the heat pump will
in EnergyPRO be 10%, where the electric boiler will be at 5%.
In the 4GDH scenario some change to the system. First, the heat pump will be a 0.84
MW with a COP of 6 which give 5.0 MW heat form the heat pump. Then will changes
in the size of the heat storages in the three villages to have the same capacity. Østervrå
will in this system has a 2250 m3 , Thorshøj will go from 650 to 1050m3 and Hørby heat
storage will be increase from 1500 to 2500m3 .
Solar, electricity and straw
In the last scenario, the focus will be on a district heating system that has the solar,
electricity and straw. Therefore, this scenario includes a straw boiler and heat pump as
the base load and then solar collectors and an electric boiler to support the system year
round. The new straw boiler is placed in Østervrå due to the highest production needs
in the three villages. As shown in figure 6.6, the solar collectors must be installed in
Hørby, as this is where it can be placed closest to one of the district heating companies.
Furthermore, a smaller heat pump with a capacity of 250 kW is installed, which produces a
heat output of 0.9 MW. The heat pump is located in Hørby to support the solar collectors.
In Østervrå, an electric boiler will be placed to support the high demand and make the
system more flexible. The straw boiler in Østervrå will be a 4 MW boiler, which should
fit the base load of the system. The solar collectors will be 12,500 m2 . The reason for
choosing this size is that it is the most optimal as solar collectors of this size provide about
20-25% of total production. A solar collector produces approx. 0.5 MWh per. m2 and
this size will, therefore, produce approx. 6.250 MWh over a year, which represents 23%
at the beginning, i.e. by 2020 and 27% by 2039. Since solar energy varies and better use
of the sun can be achieved, heat storage will be much greater in Hørby. The heat storage
is upgraded from 905 to 4000 m3 and 1500 of the 4000 m3 will be normal heat storage to
help the heat pump, where 2500 m3 will be seasonal storage. The size of seasonal storage
is usually between 0.1-0.3 m3 per. m2 solar collectors. When the solar collectors in this
system are 12,500 m2 , the optimal size for seasonal storage will be 1,250 - 3,750 m3 and
therefore this report has chosen to be based in the middle of this range, which will say
2500 m3 . If the solar collectors was the main production unit will the prerequisites for
the size of the seasonal storage. In this scenario, the straw boiler, heat pump, and electric
boiler will have the same prerequisites for the planned service, efficiency and minimal load
they have in the two previous scenarios.
The this latter scenario will also include some change in the 4GDH scenario. The heat
storage in Østervrå and Thorshøj will added storage be the same as in the two other
scenarios. The heat storage in Hørby will be 2500 m3 and the seasonal storage will go
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from 2500 to 4000 m3 . The heat pump will change the electricity capacity, but due to the
higher COP the heat pump will have the same heat output. When the solar collectors
in the 4GDH can take deliver a higher production the straw boiler in Østervrå will be
reduced from a 4 to 3.5 MW straw boiler.

Figure 6.6. The overview of what the different technical scenario will be in EnergyPRO [Thorshøj
Kraftvarmeværk, 2018; Østevrå Fjernvarme, 2018; Larsen, 2018]. Where there is
made changes for the 4GDH is mark after the slash in the figure

Economic numbers for the scenarios
When making these scenarios there need to made some investment in the heat production
units for the scenarios. The heat production units have different investment prices,
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variable- and fixed cost. Furthermore has these new investment have been made bigger
heat storages in the system. These values will also be used in the economic analysis.
Straw boiler
The straw boiler has the highest investment cost of the four used technologies production
unit in this report. The investment is 6.63 MDKK pr. MW heat for a new straw boiler.
Furthermore, the straw has a high fixed cost of 382,391 pr. MW/year and then the variable
cost for using a straw boiler is at 4.5 DKK/MWh. The lifetime for a straw boiler in this
report will be 25 years. The fixed cost will only be added to the production units in
EnergyPRO, which has regular production hours and will not be included if the straw
boiler only runs a few hours per year.
Heat pump
To invest in a heat pump should the district heating company expect a price of 4.91 MDKK
pr. MW heat the heat pump produced. The fixed cost for the heat pump will be account
as 14,900 DKK pr. MW/year heat produced. For every MWh the heat pump run will the
variable cost be 23.8 DKK/MWh. The expected lifetime for a heat pump is 25 years.
Electric boiler
An investment for an electric boiler will be at 1.12 MDKK pr. MW. Then following a fixed
cost for the electric boiler, which is 7,972 DKK pr. MW/year. The variable cost for the
electric boiler is 6.7 DKK pr. MWh. The electric boiler has the shortest lifetime of the
heat production units selected in this report. The expected lifetime is 20 years.
Solar collectors
For investing in solar collectors is the calculation done in different values. In solar collectors
is the price in how many m2 of solar collector needed for the system. The investment prices
is 1,691 DKK/m2 . In the solar collectors is only a total cost, not a fixed and variable cost.
This cost is 4.3 DKK pr. MWh. The solar collectors has a lifetime of 30 years, which make
this production unit with the longest lifetime of the chosen in the report.
Heat storage
In the scenarios will there be needed to install more storage due to give the system more
stability. In the scenarios will there be added heat storage and in the scenario where solar
collectors is installed will there be added a seasonal storage. The investment prices for the
heat storage will be 1564 DKK pr. m3 and for a seasonal storage will the price be 260.75
DKK pr. m3 .

Figure 6.7. The investment cost, fixed, variable cost and the lifetime of the production unit. In
the solar collectors column have only a total value for the fixed and variable cost
[Danish Energy Agency, 2018a,b]
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The total investment price is calculated based on the size of the production units in the
individual scenarios. The straw scenario will be the cheapest, after is the electricity and
straw scenario, and highest investment costs will be applied to the solar electricity and
straw scenario. As shown in the figure 6.8, the difference in the investment price is almost
19 MDKK between the cheapest and the most expensive scenario. In all three scenarios,
the investment cost of the backup boilers is included in the price.

Figure 6.8. The total investment cost for the three scenarios. The backup system, which is three
straw boilers are included in the scenarios investment cost [Danish Energy Agency,
2018a,b]

Fuel price development
The fuel price for straw and the electricity prices could develop though the 20 years period.
By using how the price expectations of the different fuels will the analysis get the most
realistic scenarios for the case. The report is using the calculations of how the future prices
will develop from [Danish Energy Agency, 2017b]. The prices for straw as show in figure
6.9 will during the period raise by 10.4%, where the electricity prices will experience a lot
higher prices development. Even this prices development is high, has former calculations
also expected a electricity rise, but in the reality was a fall in the price. This uncertainty
will be discuss. From this price expectations will the electricity prices raise by 92.6% from
2020 to 2039. Therefore the straw the benefit that the future prices will not experience
significant changes.

Figure 6.9. How the different fuel prices could develop during the period of the simulations
2020-2039 [Danish Energy Agency, 2017b].

Production from the scenarios heat production units
From the different scenarios it can be seen how depending the scenario will be of the install
heat production units due to their production. The report have chosen the first year 2020,
as it is the year with the highest demand. The production values in this section are from a
socio-economic analysis, where as for the business-economic could be a bit different shares
from the heat production units. The three figure 6.10, 6.11 and 6.12 shows the maximum
production from the production units in the scenario as hour 1 and not what time of the
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year the production unit is producing. For example is the solar collector is not all the heat
in the first months of the year.
In for biomass production scenario the heat production will in 2020 be deliver almost
everything from the two main straw boiler in the system. The straw boiler in Østervrå
will run at full production around 5,600 hours and produce in more than 7,000 hours in
the system, which indicates this production has the highest production. The straw boiler
in Hørby will produce heat over 2,500 hours, where the 2,000 hours is at full power. As
shown in figure 6.10 will the the backup boiler in Thorshøj have a minimal production,
but due to this is the year with the highest demand will it likely disappear in the following
years. But this small production from the backup boiler shows that should not change a
lot before there will be a high production from the backup boiler in this scenario, which
indicate that the system have a good, but not a great security of supply.

Figure 6.10. How many hours during the year 2020 the different heat production units in the
straw scenario run in EnergyPRO and what the demand curve of the system.

The electricity and straw scenario the heat production will the most of the production
come from the heat pump heat production. The heat pump run than 8,000 hours of
the year as shown in figure 6.11. The electric boiler and straw boiler will in this system
more just support the system when the heat pump not can deliver or the straw boiler will
produce when the electric price is too expensive. As shown in the figure 6.11 the production
from the three main heat production units are a lot higher than the peak demand for the
system. This scenario will could in most of the hours deliver the energy if one of the heat
production units will broke down, but it will make a higher operation cost for the system.
The electricity and straw scenario have a better security of supply for case district heating
system than the straw scenario.
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Figure 6.11. How many hours during the year 2020 the different heat production units in the
electricity and straw scenario run in EnergyPRO and what the demand curve of
the system.

In the solar, electricity and straw scenario have a lot of different heat production units to
deliver the heat in the district heating system. The main source is the solar collectors, heat
pump and the straw boiler, while the electric boiler will supporting the system when it is
necessary. The solar collectors can deliver heat to the district heating system in around
2,000 hours of the year. The small heat pump in this scenario is the heat production units,
which run in the highest number of hours during year shown in figure 6.12. At the heat
production is coming from so many different heat production units also make this scenario
more secure if one of the heat production units need a reparation and will not produce.

Figure 6.12. How many hours during the year 2020 the different heat production units in the
solar, electricity and straw scenario run in EnergyPRO and what the demand curve
of the system.
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Overview of the production yearly
How the three scenarios are producing is different due to the prerequisites in the scenario.
This production overview will be from a business-economic due to it is where will happen
the biggest changes in the scenario. When the three scenarios have three different focus
areas the production from heat production units is not the same. In the figure 6.13, is
how the different shares of the energy source used in the scenario at the start (2020) in
the middle (2030) and the end of the period (2039). As the straw scenario only has straw
as it energy source in the scenario has a share of 100% straw in hole period. Whereas the
electricity and straw scenario start with almost full electricity in 2020, then fully electricity
in 2030, but due to the high electricity prices, in the end, do that the straw will be the
primary energy source in 2039. In the latter scenario, the solar will through the period get
a small raise share of the total production due to the low operating costs. In 2020 and 2030
the solar and electricity around the same amount, but as in the electricity and straw will
the electricity production to raising prices to be a minimum share in the scenario in 2039,
while the straw production will increase. The solar, electricity and straw scenario has the
best production distribution between the three energy sources, which indicates that this
scenario is the least sensitive towards a change in the prices for one of the energy sources.

Figure 6.13. The development of the share in the scenarios during the period in the businesseconomic analysis simulations.

The technical production from the 4GDH scenarios
In the 4GDH will the production from the scenarios be a bit different due to the reducing
grid losses in the 4GDH compared to the 3GDH. As stated earlier will the demand in the
system from the 4GDH be 327 MWh smaller than 3GDH by the year 2039 due to saving
of the grid loss. As illustrated in the figures 6.14 and 6.15 how the different production
will be in the 4GDH system relative to the 3GDH system. The production is higher than
the demand, and it is due to a grid loss in the transmission line and heat storage losses is
not included in the demand. In the straw scenario is the production for 3GDH and 4GDH
almost the same, where the only difference is the 4GDH has a smaller demand, which
results in a minimal small decrease in production for the 4GDH system. In the electricity
and straw scenario will the production from the energy sources changes during the period.
In the start is the straw production a little raise in 4GDH compared to the 3GDH. In
47

SEPM Thesis

6. Analysis

2030 is there a tiny share of straw compared to the 3GDH where is fully electric. In 2039
the production is different from the 3GDH to the 4GDH. The reason will be the better
efficiency make the 4GDH less affected by high raise in the electricity price. Therefore
will in the 4GDH only be produced from electricity in 2039 in the electricity and straw
scenario. In the solar, electricity and straw scenario is the difference in 2020 and 2030
minimal, where the solar get a higher share of the total production and the electricity will
get a small decrease. In the last year (2039) is the situation the same as in the electricity
and straw where the electricity is less sensitive for the price rise and therefore has electricity
a more significant share in 4GDH than in 3GDH.

Figure 6.14. The heat production from the different scenarios in 3GDH and 4GDH.

Figure 6.15. The production share of the different energy sources in the scenarios for the 3GDH
and 4GDH systems.

Overall as mention in the scenario analysis will define what is the best scenario in different
categories. In the production difference in form of different heat production units the solar,
electricity and straw scenario will be the scenario to select.
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Environment issues
For the different scenarios how the environment will be affected by the technical scenarios.
The energy sources there have been used for the three scenarios is the difference what kind
of emission and how much they emit. Straw emit from N2 O, SO2 , NOx and CH4 , where
electricity according to [Danish Energy Agency, 2017b] also emits these four plus PM2.5 .
This values may not be 100% accurate due to the frozen policy and ,thereby uncertainty of
how the emission will develop, but it gives an indicator of how much emissions there will
come from the electricity. The electricity will also emit CO2 due to where the production
of the electricity is produced. The electricity is not emitting by itself, but it is about what
production unit, which has made the electricity. Solar or wind energy will there be no
emissions, but from a coal or natural gas producing CHPs will the electricity has some
CO2 emissions. The emissions will decrease in the grid as more of the electricity is produced
from wind or solar energy in the future. The calculation will have no CO2 emission from
electricity even that the report know that the electricity will first be zero when electricity
only produced from renewable energy. The missing CO2 emissions will be taking into
consideration when evaluated which scenario will be best for the environment. The solar
collectors have not listed any emissions and therefore will the report use this even that
there can be some emissions from the solar collectors. The calculations are shown as the
values of emissions from scenarios during the period in the figure 6.16 and the development
in emission from a 3GDH system to a the 4GDH system in figure 6.17. The emission is
by far the highest in the straw scenario when it is depending on how much is emitting
from the scenarios and the development for the straw scenario in the 4GDH is minimal.
As shown in the development to 4GDH will the electricity and straw scenario decrease
their amount of all of these five emission types, but in the special N2 O, SO2 and NOx,
which is as mentioned before in the previous section that the 4GDH is using less straw in
the scenario than in the 3GDH scenario. The solar, electricity and straw scenario will also
have a fall in the three of five due to reduced straw consumption. In this scenario will get a
raise in the PM2.5 due to this emission mainly comes from electricity. The reason that the
solar, electricity and straw scenario will experience a rise in this emission. The reason for
the electricity and straw scenario is not will experience a raise due to the better efficiency
in the 4GDH and the high use of electricity with the normal efficiency in 3GDH in the
start of the period. Furthermore, is account development in percent and the total amount
the different emissions. About the CO2 will the highest emission come from the electricity
and straw scenario due to the highest demand for electricity. The emission of CO2 will be
smaller in 4GDH and will decrease due to the electricity towards the end of this period
will a higher share of the electricity be made from renewable energies. Therefore could can
it be discussed if the electricity and straw scenario is good for the environment, but due
to a high decreased in amount in the five others emissions and likely will be a fall in the
CO2 emission will the electricity and straw scenario from an environmental perspective be
the best scenario.
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Figure 6.16. How much the different scenarios emit though the during period.

Figure 6.17. The development of use of emission from the 3GDH to 4GDH system.

6.2.5

Lessons learned from the technical analysis

In this section will be answered the sub-question for the technical analysis, which is; Which
technical scenario would be the best solution for the case?. For the technical scenario, some
different existing technologies can be chosen, which will also be part of the future district
heating system. For the case there are restrictions of which possible production units
could install, why the report has chosen to use the straw boiler, heat pump, electric boiler
and solar collectors. As the existing system is close to the expiry date, the scenarios will
appear as the next investment. The three scenarios were divided into different focus areas.
The three scenarios are the technical analysis compared to each other to examine which
scenario is best in the various categories. An overview of how the three scenarios have been
shown in figure 6.18, where grade 1 is the best. According to the figure, the best character
in the category "knowledge" is given to the straw scenario, as this scenario uses straw
boilers alone and this energy source is already in use within the existing district heating
system. The other two scenarios have some newer energy technologies that have never
been used in the case. The solar, electricity and solar scenario has most new technologies,
and therefore this scenario gets the poorest grade. In the "production" category is about
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how dependent the scenarios are of a specific heat production unit, and here the straw
scenario is the worst, as it has only two primary energy systems in the system. It could
have been possible to divide production units into three plants, but the biomass scenario
would still be the worst tied with electricity and straw scenarios. Furthermore, the straw
scenario only using straw and therefore more depending of how the straw price will develop.
Since the solar, electricity and straw scenario has several different heat production units
and energy sources in the system, it is the scenario which is least dependent on a specific
heat production unit out of the three scenarios. From an environmental point of view, the
electricity and straw scenarios has a low production of five emissions type and the CO2
emissions will likely also fall toward the end of the period. These emissions has a lot about
how much straw the three scenarios consume, and the electricity and straw scenario has
the lowest straw consumption. The electricity and straw scenarios will be closer to the
other scenarios if the electricity was calculated with the CO2 emissions and the production
of the electricity is not exclusively from renewable energy sources. But in the long run,
the emissions from electricity get closer to be zero and therefore the electricity and straw
scenarios are the best scenario to the environment. Overall, the scenarios in the technical
analysis are very close to each other, but the electricity and straw scenario is rated as the
best. The values in all three scenarios should not change a lot until one of the other two
scenarios will appear to be the best solution for the case.

Figure 6.18. The overview of what the different scenario will be in EnergyPRO will manage in
a technical perspective.

In the technical analysis will the electricity and straw scenario be the best solution, but
will it be the same in the economic analysis.

6.3

Economic analysis for the technical scenarios

The economic analysis will determine which scenario will be best seen from a social and
business perspective. Though the economic analysis will the following sub-question be
answered; What are the socio-economic and business-economic costs for the technical
scenarios? In the two economic analyzes, some standard values will be used in both
analyzes, which was mentioned in the previous section. These values include investment
costs, fixed and variable costs and the lifetime of the heat production units in the scenarios.
The three scenarios will be simulated as a 3rd and 4th generation district heating system.
The three backup boilers, all of which are included in the scenarios, will have a total
investment cost of 59.7 MDKK, which is included in the investment costs for the three
scenario.
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Socio-economic analysis findings

As mentioned in the methodology about the socio-economic analysis the report will only
use the investment cost, variable and fixed cost [Danish Energy Agency, 2018a,b]. Added
to this cost will the market tax factor and the tax direction factor. The scrap value for the
different heat production units will be deducted as a profit to the scenario. The 20-years
period will be calculated net present value for the period (NPV) to find which scenario
will be the best socio-economic scenario.
Net present value and production cost
There are almost 19 MDKK between the cheapest and the most expensive investment.
The straw scenario is the most affordable, whereas solar, electricity and straw scenario
is the most expensive. In the three scenarios, production costs are very different from
investment costs. Both in year 1 and in the 20-year period, the straw scenario has by far
the most considerable operating expenses. The other two scenarios are much cheaper in a
socio-economic analysis. The operating costs of the electricity and straw scenario go in the
opposite direction to the solar, electricity and straw scenario. The high operating costs for
electricity and straw scenario at the end of the period is due to expected electricity prices
to rise much during the period. Due to the high cost of electricity and straw scenarios at
the end of the period, these values are not weighted at the same cost as at the beginning
of the period in the net present value. The solar, electricity and straw scenario is the
operating costs stable throughout the 20 years period. The reason is that when demand
drops, the solar collectors will get a larger share of total demand, which offsets the rise
of the electricity and straw fuel prices. As shown in figure 6.19 the electricity and straw
scenario achieves the lowest operating expenses by a total of 53.6 MDKK whereas the
solar, electricity and straw scenario has a cost of 64.2 MDKK in current value over the
20-year period. Once the investment and operating costs are found, the first part of the
present value can be calculated. Of the three scenarios, the present value of the electricity
and straw scenario is calculated as the lowest with a net present value of 155.6 MDKK,
which is 26 MDKK less than the solar, electricity and straw scenario. The straw scenario
costs DKK 192.7 million, which is 37.1 million more expensive than the electricity and
straw scenario.
Market tax and tax distortion
The market tax is the cost for what is will have been if the investment was not made,
which will be added factor of 1.325 of the present value for the investment. The market
tax is a factor that follows the net present value of the scenarios. After the market value
of the scenarios has been added, the electricity and straw scenario will be the cheapest
for 206.2 MDKK, where the solar, electricity and straw costs 232.5 MDKK and finally
straw scenario, which will be the most expensive where the price will be 255.3 MDKK
The tax distortion is about the tax that the government will lack by making this scenario
investment. It will increase the market tax by 1.1, giving the same overall result as the
market tax. The only difference is that the price between the scenarios will be higher. For
the electricity and straw scenarios, the price after tax distortion will as showned in figure
6.19 be 226.8 MDKK and investments of 264.7 MDKK for the solar, electricity and straw
scenario and then the straw scenario will the price be after tax distortion will be 280.9
MDKK Therefore, there will be more than 54 MDKK between the cheapest and the most
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expensive scenario.
Scrap value
As mentioned in the methodology, there will be a profit on the production units that have
a lifetime longer than 20 years, which compensates for the total cost. In the straw scenario,
all production units will have a lifespan of 25 years, which means that this scenario has
a scrap value of 9.1 MDKK, which will give a profit concerning the total price. The
electricity and straw scenario uses an electric boiler, which has an expected life of 20 years
and therefore no scrap value. And the other heat production units in the scenario have a
lifespan of 25 years. The scrap value for this scenario could be set at 8.9 MDKK. The last
scenario, solar, electricity and straw, will have the same lifetime as the electric and straw
scenario and addition for this scenario will be the solar collectors, which has a lifespan of
30 years, will be added. The total scrap value for this scenario will be set at 11.5 MDKK.

Figure 6.19. The cost for the different scenarios. It includes the investment cost, the operation
cost, market tax, tax distortion, scrap value and present value of the total cost.

4th generation system
For the 4th generation district heating system will there be investigated how the new 4th
generation system will cope compared to the current 3rd generation system. As is evident
from methodology, it is in principle the same system, but the heat production units will
have a higher efficiency, and the temperature in the district heating system may be lowered
to that which will follow the 4GDH requirements. Finally, will 4GDH as mention earlier
53

SEPM Thesis

6. Analysis

have lower grid losses. As shown in figure 6.20, the different present values of a 3GDH and
a 4GDH are shown. In the straw scenario, the 4GDH scenario is a bit more expensive than
3GDH. In 4GDH systems, more heat storage is installed to achieve the same capacity, and
when working with assumptions that the straw boiler will not achieve higher efficiency,
the lower demand cannot help enough to make the scenario cheaper. In the other two
scenarios in the case, 4GDH is a cheaper solution by the prerequisites the report has
used. In both scenarios, there is a better efficiency in the heat pumps, which reduces
electricity consumption, thereby lowering the overall cost of the scenarios. Additionally,
to this reduction in electricity consumption in the heat pump, the solar, electricity and
straw scenarios will further save as a result of the higher output from the solar collectors
that exceed the additional costs of 4GDH. In the socio-economic analysis, it will help to
use 4GDH for electricity and solar, whereas for the straw boilers, the efficiency is to be
improved to achieve a better result in a 4GDH system.

Figure 6.20. How the 4GDH are comparing to the 3GDH in the socio-economic analysis. In two
of three scenarios will the 4GDH be a cheaper scenario than 3GDH.

Sensitivity analysis
The sensitivity analysis in the report changes the values that matter to how the overall
cost of the scenario will be. Therefore, there will be changes in fuel prices, the investment
price, and the discount rate. Fuel prices and investment prices are simulated with a 25%
decrease and price increase. A 25% increase or decrease is a significant development, and
therefore this test can control how robust scenarios are to considerable price changes. The
rise or fall in the fuel prices means all energy sources used in the scenarios. By assuming
the discount rate, the sensitivity can show whether the value in the future is weighted
higher or lower than the current calculation and whether it will change the overall result.
The discount rate will be simulated with a change of 2% point, which will indicate a
discount rate of 2% and 6% will be investigated. If the calculations do not show any
changes in the results of the sensitivity, it can be determined that the scenario will most
likely be the cheapest solution for the case system. The results from the sensitivity analysis
indicates the electricity and straw scenario as the best for the case. It is for all results
the electricity and straw scenario, which will be the most economic-efficiency scenario.
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The only difference is in some of the results the solar, electricity and straw scenario closer
to the electricity and straw than in the reference scenario, but it is never the cheapest.
By this sensitivity analysis the electricity and straw scenario stands as the preferred in a
socio-economic analysis and therefore the scenario the municipality should select due to
the regulation.

Figure 6.21. The results from the sensitivity analysis for the socio-economic analysis.

6.3.2

Business-economic analysis findings

In the business economic analysis, the same investment, variable and fixed prices will be
used, as in the socio-economic analysis, but furthermore, the taxes for the heat production
units will be added. The electricity heating tax will be the added cost of the electricity
consumption. Due to the regulation has set the price change between the year 2020 and
2021 will the report use this tax change in the simulated period, shown in the figure 6.22.
The sulfur and NOx charge is imposed on the emissions from the straw production in
district heating.

Figure 6.22. The taxes for the three scenarios in the business-economic analysis [PWC, 2017,
2018]

Net present value and production cost
The present value shows that the total present value of the three scenarios is closely
in the business-economic analysis related to the socio-economic analysis. In the businesseconomic analysis, the electricity and straw scenario is the best scenario, even after charges
have been imposed. The electric and straw scenario is approx. 8 MDKK less than the
solar, electric and straw scenario and 21 MDKK cheaper than the straw scenario. The
price for electricity and straw increases operating costs a lot at the beginning of the period
but stagnates after 2030. The reason for this is due to the development in the fuel price,
where electricity for the heat pump is the cheapest heat production unit until 2031. By
2031 the straw boiler in the scenario becomes the most economical production unit as
the straw price is not is experience to the same price increase. Together with the lower
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demand, it means that the operating cost of the scenario is at the same level for the
rest of the period as is showed in figure 6.23. Therefore, another operating strategy in
EnergyPRO or a smaller straw boiler could have made this scenario more expensive. The
operation cost development in the solar, electricity and straw scenario is developing in the
opposite direction. It stagnates at the beginning, falling in the latter part of the period.
The reasons are the price developments on electricity and straw, the higher share of solar
in the system and the decreasing demand. In the straw scenario, operating costs are lower
due to the decreasing heat consumption during the period. Even though the electricity
and straw scenario is the cheapest, it is the solar, electricity and straw scenario, which has
the lowest operating costs due to more affordable heating from solar collectors.
Tax costs
The tax cost shows how much the taxes affect the operation cost of the scenarios compared
to the socio-economic analysis. The straw scenario is subject to tax on the straw fuel
discharge, and thus the cost is added to sulfur and NOx tax. The other two scenarios will
be imposed on the taxes that affect the production units in the scenarios, but they affected
differently due to the different production from the heat production units. The tax shows
how much the operating costs are higher in the business economics analysis than in the
socio-economic analysis. The straw scenario will only be affected by the sulfur and NOx
tax, and since these are relatively small volumes, costs have just developed by approx.
0.3 MDKK per year. The electricity and straw scenario will have a significant increase in
operating costs, as the electric heating tax has a substantial impact on operation cost. The
scenario’s additional of taxes will increase the operating costs from 3.5 to 5.2 MDKK in
2020, but price developments will not be as high in the period as previously mentioned as a
result of a change in which production unit will be the cheapest in the scenario. Compared
to the price developments for the solar, electricity and straw scenario in the socio-economic
analysis, where prices stagnate throughout the period, the price in the solar, electricity and
straw scenario will fall over the period of business-economic analysis. However, it should
be noted that prices are approaching each other, but the socio-economic analysis will still
be 0.3 MDKK cheaper at the end of the period. The scenario will also switch to more
straw production after 2030, which will stabilizing the operation cost. These development
shows that tax rates affect the electricity and straw scenario the most, as it uses the most
significant share of electricity of the three scenarios.
Scrap value
In the business economic analysis, the same scrap value will be used as in the socioeconomic analysis. The reason for using the same scrap value is that investment costs are
the same in both the socio-economic analysis and the business economic analysis.
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Figure 6.23. The business-economic cost for the different scenarios.

4th generation system
In the 4th generation section will be done the same as in the socio-economic analysis
when to compare the two generations of district heating system. The difference will be
in the total cost due to the efficiency will increase, which indicate less buying fuels to the
heat production units. Here is the results match what got in the socio-economic as the
straw scenario will be a bit more expensive due to the added heat storage capacity. The
electricity and straw is the scenario, which will experience the biggest savings due to a
smaller electricity demand. The latter scenario, the solar, electricity and straw scenario
has also a small decrease in the cost as the solar collectors have a higher production, but
has a higher investment in storages. Therefore will two of the three scenarios also in the
business-economic analysis be better for the two of the scenarios to go from a 3GDH to a
4GDH system, and the straw scenario, which is the one not is cheaper, is due to no changes
in the efficiency in the boiler.
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Figure 6.24. The business-economic analysis compared between the 3GDH and 4GDH

Sensitivity analysis
In the business-economic analysis, the sensitivity analysis will see the effect the same
parameter as in the socio-economic analysis with some adjustments. The sensitivity
analysis will be the investment price, fuel prices are the same changes. The discount
rate will be 2% and 8% due to the greater uncertainty about how the discount rate will be
for a business-economic analysis. Furthermore, it will make sensitivity to the tax on the
results if it used the previous regulation, and then if the new is proposed tax to be real
[Energi-, Forsynings- og Klimaministeriet, 2018; Skatteministeret, 2018]. This sensitivity
is done to see whether changes in the regulation of electricity support will help to get more
electricity into the district heating sector.
Firstly, investment and fuel prices do not change what scenario is best. The difference is
only how closely the other scenarios are to the electricity and straw scenario. The closest to
investment and fuel prices are the lower investment costs, where the solar, electricity and
straw scenario is 5.1 MDKK more expensive than the electricity and straw scenario. This
smaller difference is because this scenario has the highest investment costs, and therefore
the savings of 25% in this scenario are several million higher than the other two scenarios.
With the lower investment prices, all three scenarios will be cheaper than the electricity
and straw scenario in the reference scenario, and therefore less expensive straw boiler could
make the other two scenarios more competitive compared to the electricity and straw
scenario. In the results, the discount rate indicates that even a change of 3 % will not
make any difference for which scenario will be the best for the case. Due to the reduction
of the electric heating tax, costs will change significantly in favor of the electricity and
straw scenario. With the previous electricity tax, the difference between the electricity
and straw scenario and the solar, electricity and straw scenario is 0.4 MDKK. This small
price difference means that only a small change in the electricity and straw scenario. For
example installing a smaller straw boiler than the current, which is 2 MW, the electricity
and straw scenario will cost more than the solar, electricity and straw scenario due to
high electricity prices in the end of the period. If the proposed electricity heating tax is
adopted, the electricity and straw scenario will by far be the cheapest. As seen in the
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figure 6.25, the scenario with the highest electricity consumption will be affected most by
the changes in electricity tax.

Figure 6.25. The results from the sensitivity analysis for the business-economic analysis.

6.3.3

Lessons learned from the economic analysis

In this section will answer the sub-question;What are the socio-economic and businesseconomic costs for the technical scenarios? Both the socio-economic and the businesseconomic analysis show that the solar, electricity and straw scenario has the highest
investment costs, whereas the straw scenario has the highest operating costs in both
analyzes. According to the business-economic analysis, which imposes taxes on the
individual scenarios, the rise in the operating costs of the electricity and straw scenario is
highest, while the increase of the expenses for the straw scenario and the solar, electricity
and straw scenario is minimal. Based on the simplified model of 4GDH, it is apparent
from the socio-economic and business-economic analysis that two of the three scenarios
are cheaper with 4GDH than with 3GDH. Changes in the values in the sensitivity analysis
in the socio-economic analysis do not change the assumption that the electricity and straw
scenario will be the cheapest for society. From the business-economic point of view, the
electricity and straw scenario will also be the best for the case. However, the change
from the previous electricity heating tax to the present tax will be an incentive to choose
electricity and straw scenarios. Furthermore, lowering the price of a straw boiler will make
the other two scenarios more competitive regarding which investment will be the best
solution in the case. In the present situation, the electricity and straw scenario will be the
best investment based on the results of the socio-economic and business economic analysis.

6.4

Political barriers in district heating sector perspective

The political situation affects how district heating companies must develop towards fossil
independence. Taxes are levied on specific energy sources or funding is granted to promote
investments in particular production units. By this section will be answered the subquestion;"What barriers exists and which initiatives will help the small district heating
areas most to become fossil fuel independent?. In this section, the political barriers and
the inviatives for the district heating sector will be based on the government’s proposal
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[Energi-, Forsynings- og Klimaministeriet, 2018], the future scenario of the energy sector
from [Mathiesen et al., 2015], interviews [Larsen, 2018; Staufeldt, 2018], as well as the
technical and economic results of this report.

6.4.1

Barriers in the district heating sector

In the current situation is there some different things for the district heating sector, which
set up a barrier the sector to become fossil fuel independent.
CHP requirement and fuel linkage
The CHP requirement and the fuel linkage many small district heating areas has forced to
follow has not help to push the area towards a more renewable energies. These regulations
has more been a barrier for integrate some new more renewable energies into the small
district heating area. The scenarios made in this report will not be possible if these
prerequisites not will be removed. In the case they have experience what barrier of one
the subjects can do for an investment. When the case wanted to make the transmission
line then the local natural gas distributor claimed that Østervrå and Thorshøj should
follow the fuel linkage in their district heating companies. The disagreement ended in
the complaint from the natural gas distributor, which delay their investment and helping
Denmark by lowering their CO2 emissions. As [Larsen, 2018] mention can it not be a good
idea for the society if the district heating area could make a good economic by going from
natural gas to a renewable energy e.g. biomass boiler. When small district heating area is
not allowed to shift to other fuels will the expired of the basic amount hit them a lot and
give their consumers a significant higher heating price. The fuel linkage regulation make
some district heating areas nervous of how their district heating company should go when
they are forced to use natural gas and maybe can be compelled to select a new natural
gas investment. In Frederikshavn municipality [Staufeldt, 2018] they know there are some
district heating companies, which are postpones possible new investment due to it will get
the natural gas scenario to be the best, and when they have the fuel linkage they need
to include a natural gas scenario. Additionally, does these postpones investment, as the
investment in the case, that the development not going as fast as it could. As mentioned in
the regulation the fuel linkage is a part of does that the district heating companies cannot
select all possible production units.
About the CHP requirement is a problem, at these times where the electricity prices is low
the CHP in a small district heating area. These low prices make many CHPs to only run
in very few hours yearly as it is for the in Thorshøj in the current situation. Nevertheless
the CHP requirement is still there due to the can be backup, but when the basic amount
will go away by the end of this year the small district heating area losses an initiative to
keep the CHPs in their system. When there are installing more fluctuating energy in the
district heating sector lately the small district heating areas with a CHP will get a even
weaker economy in the future.
Taxes and grants for the small district heating area
When changing in the taxes and grants is made for the small district heating areas to
investment in some certain production units and phase out others. As the electricity
heating tax has been changed lately can as it seen in the reports economic analysis part
will the scenario with most electricity get a cheaper than it was before. The changing
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towards more electricity as heat pumps into the sector is not necessary always a good
solution. [Staufeldt, 2018] states that electricity will not be a good investment all places
and the government only focus to make one unit better. Even the scenario with most
electricity was the best at the current period will it not continue that if the electricity
price increase as much as the used values in the report suggest. Both [Staufeldt, 2018]
and [Larsen, 2018] say a district heating company is best if it can use different production
units and not is depending in one specific production unit e.g. heat pump. In the current
system has the biomass not a lot of taxes connected to the fuel, but it uncertain if biomass
will be affected by taxes in the future. Due to [Mathiesen et al., 2015] biomass should
in the district heating in future only be a supporting energy source, which will be easier
without taxes impacted the biomass and according to [Larsen, 2018] is no energy source
safe for future taxes. There are also some advice consultant, which wants to get taxes into
biomass sources they mean have a bad biodiversity e.g. imported wood pellets [Sørensen
et al., 2016]. When the decreasing the tax from the electricity they need to get money
otherwise as someone should pay the savings [Larsen, 2018]. The taxes and grants are in
the district heating sector to help them for a better solution. As the current system of taxes
and grants and the suggested regulation [Energi-, Forsynings- og Klimaministeriet, 2018]
where more electricity could get into the sector, but as [Mathiesen et al., 2015; Larsen,
2018; Staufeldt, 2018] is diversity in the district heating sector important. The regulation
should make sure the district heating sector in balance. Therefore set a barrier for making
the small district heating area flexible in the future if the taxes and grants give a stable
district heating sector.
Socio and business-economic analysis
Even the socio-economic and business-economic analysis in this report show the same
scenario as the best economic for the case will the results not always for small district
heating have the same agreement. [Staufeldt, 2018] mentioned that there have been cases
in the municipality, where the best socio-economic analysis was not the best economic for
the company. Furthermore, a problem is the municipality should select the scenario for
the case, which is the best socio-economic scenario due to it will help the society most. If
the scenario is not a good solution for the company the scenario should not be a scenario
for the case [Staufeldt, 2018] due to the company will never select a scenario which is not
the best for them and their consumers. The disagreement between the socio-economic and
the business-economic results can the answer be that the suggested investment maybe will
be cancelled. The government has and will change in the taxes, which will inflect how the
results will be in the future. As seen in the sensitivity analysis for the business-economic
has the changing made the electricity and straw scenario by far the cheapest solution in
using the new taxes in compared to the old tax where the electricity and straw scenario and
the solar, electricity and straw was more or less even in price. Therefore is the changing
helping that in more cases where the socio -and the business-economic says the same, but
natural gas scenario can still be a problem due to the lower socio-economic cost [Staufeldt,
2018]. The socio and business-economic analysis should for the future small district heating
areas not be a prevention to make an investment in their system.
4GDH
The 4GDH is big part according to [Mathiesen et al., 2015] to get fossil fuel independence
in the future. Therefore changing towards 4GDH should be done the small district heating
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area. In the economic analysis it shows that with the prerequisites will the 4GDH be
a cheaper solution in two of three scenarios. The 4GDH prerequisite in the report is
a simplified model and a complete 4GDH will be added some additionally cost to the
system, e.g., new district heating pipes. With the additionally cost will the overall may
change in the case towards 3GDH is the most economically system. Furthermore, is a
problem for both [Larsen, 2018] and [Staufeldt, 2018] states that the houses in the three
villages in the case not will be possible to use 4GDH in their system. As [Larsen, 2018]
stated;
In a old villages as Hørby is (...) I not believe that we can get the temperature so much
down, not to 50 degrees Celsius. [Larsen, 2018]
Furthermore, [Staufeldt, 2018] can only see it been done in new building areas and not
even in Frederikhavn city. If it not is possible to get 4GDH system can the future plan
from [Mathiesen et al., 2015] be hard to success. Therefore will the old villages be a barrier
to integrate the 4GDH system and to be fossil fuel independence.
Changing politics for the area
A problem the is the uncertainty of what will happen in the district heating sector in one
or two years. This situation is not getting better when changing government not has the
same direction for how the small district heating area should go in the future. The district
heating sector gets the idea that the current government has not the energy area priority as
important as the former government. When the energy sector changes targets and focuses
too frequently, it can be hard for the district heating companies to know what direction
they should go for as their next investment. Therefore does many small district heating
companies waiting for a clear path of how the energy sector should go approaching fossil
fuel independence. Furthermore, can the uncertainty form the district heating companies
delay the conversion of the energy sector to more renewable energies. As mention from
[Larsen, 2018] many ask the district heating companies association of what direction the
sector will go in the next five years, but they do not know. An area like the district heating
sector will there regularly be some uncertainty, but too much changes can make the district
heating sector to stall, and the outcome will be fewer investments in the sector. A subject
which has created uncertainty for the district heating companies is the newly suggested
policy for the energy sector. The current government has in their recently proposed plan
for the energy area indicated to remove the connection obligation and the dedication for
a house in a city, which have district heating. If these two regulation becomes to reality,
small district heating area will get an uncertain future stated both interviewees [Staufeldt,
2018; Larsen, 2018]. A village like Hørby will losing houses due to the removing of the
dedication, which means that some consumers legal can shift from the district heating
to individual heat pump. [Larsen, 2018] fears if the government removed the connection
obligation and the dedication could be the end of the district heating company in Hørby
due to higher heating for the remaining consumers. The suggestions from the government
are made to get more individual heating in the energy sector and to give the consumers
more free decisions to choose other solutions than the district heating. The removal of
these regulations could be the end for some of the small district heating companies. The
regular changing in politic for the district heating area is not something that benefits the
development in the sector.
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Initiatives for the small district heating area

The barriers in the district heating sector need to be changed or removed to make the
changes towards fossil fuel independence. This changes can be done by making some
initiatives in the district heating sector.
CHP requirement and fuel linkage
About the CHP requirement and fuel linkage can an initiative change be to go from
regulation for the district heating companies to these will be voluntary if they want to
have a CHP or use natural gas in their district heating company. The government is
already talking about to remove these two regulations from the start of next year. If this
change may happen will come many new investments will be made and it will according to
[Staufeldt, 2018] be easier for the municipality and the district heating companies to get
the investment they want. Furthermore, could this initiative be a step to phase out more
of the natural gas in the small district heating area.
Taxes and grants for the small district heating area
If the current conditions continue and even get a focus more towards the electricity, it
will create a disparity of the different energy sources in the small district heating sector.
An initiative which could make a better balance of varying heat production units is to
the modified total cost for the production unit should not differ one production to be by
far the best solution in a particular case. Of course, it is essential to get more electricity
into the small district heating sector at this moment, and if the electricity scenarios are
the best many in district heating companies can the sector end in many district heating
companies will buy an electric investment to their system, which can run for minimum 20
years.Does this situation happen in too many cases can the district heating sector end to
have too much electricity heating production units in the sector and will be depending on
too much of how the electricity prices develop. Furthermore, do the electricity prices will
the electricity scenarios will be a good investment without any tax changes. As stated from
[Staufeldt, 2018] is important not to be too depending on a specific production unit, but
have a flexible district heating system. The biomass production is according to [Mathiesen
et al., 2015] only an energy which should be in the district heating sector as a supporting
units. As it is now the biomass will be a big part of the sector. Therefore could an idea
that should be set up changes in the taxation, which could give more production unit a
more even total cost, but secure that the biomass source not should be a to be part of
the district heating sector in the future. Therefore As [Staufeldt, 2018] mentions is many
district heating company is not happy with the focus to only electricity from the national
side due to electricity is not an opportunity for them. The changing in taxes make it hard
for which heat production unit will be the best investment. An idea is as [Larsen, 2018]
says transparency of how the taxes will be in the future will also help district heating
companies to make new investment due they can trust their investment will be a good
investment longer than for 2-3 years. A total clarity is impossible to due to the politic
shifts in Denmark, but if a broad majority says that a specific production unit will not
get taxes imposed or no changes in the tax for a more extended period it could get a
more stable development for the small district heating areas. Electricity is vital to get into
the small district heating area as mentioned in [Mathiesen et al., 2015], but it should not
necessarily look like an electricity scenario is the only opportunity for a district heating
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company due to the district heating sector should be flexible.
Socio and business-economic analysis
When the socio-economic and business-economic analysis is not agreeing of which
investment will be the best for a specific case, will the district heating company postponed
their investment. This disagreement between the socio-economic analysis, which the
municipality should follow, and the business-economic analysis, which give the scenario
the company wants, is delaying new investments into the small district heating areas.
Therefore initiatives to solve this conflict for these two economic analyses will be to either
to change the regulation to the municipality not need to select the most socio-economic
scenario or change the taxes, which will adjust the result form the business-economic
analysis. For the socio-economic initiative, the government will risk losing a lot of money
by selecting this initiative and therefore will they not likely make this regulation. The
business-economic possibility will not necessarily more money to the state, but if the
moving around in the how taxes are imposed could get more agreement between the two
economic analyses. A change where the socio-economic and business-economic analysis
will get the same scenario as the best solution for a district heating company could result
in increased numbers of investments in the sector. At the current situation, the natural
gas is a cheap socio-economic solution, but the removal of the fuel linkage by the start of
next year (2019) make it possible for district heating to invest without needed to make
a natural gas scenario. These initiatives will could get the district heating companies to
become fossil fuel independent. Even if the government do not wants to make this changes,
they need to make some regulations, which will do that the socio-economic -and businesseconomic analyses always will get the same scenario to be the preferred investment for a
district heating company to select.
4GDH
The 4GDH systems will be a good idea do for two of the three scenarios the prerequisites
the report has done, but a complete 4GDH system will likely change this result. As
mentioned in the barriers section think neither the case [Larsen, 2018] or Frederikshavn
municipality [Staufeldt, 2018] it is not possible to get the temperature so much down as
the 4GDH proposing. [Staufeldt, 2018] says he hopes 4GDH will happen in the villages
but do not believe in the old villages like in the case. A possible solution for the case could
be to lowering the temperature to a level where the consumers still get their heating, but
the district heating company also can reduce their heat production. Even if this step not
will get down to the 4GDH level could it get a better possibility to get to the goal of fossil
fuel independence due to this solution to the case system could reduce emissions. The
4GDH will be a good solution and will help many cities toward more renewable solutions.
In the old villages could the 4GDH help the development in the houses to get a better
energy efficient and maybe in the end can use 4GDH in their system. If this not happen all
villages, should be done in all other areas where 4GDH is possible to be done to compensate
the villages where 4GDH not fully can be established. The 4GDH system cannot be done
all places, but it can be a step to make it possible for the district heating companies to
get fossil fuel independent.
Changing politic for the area
This problem is the hardest to change, and there is two main reason why these are hard.
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It is impossible to imagine that the politicians can be 100% agreed to follow a specific path
for the district heating sector. Then it is unlikely that it will be the same government that
governs from now to Denmark get fossil independence. Therefore an initiative could be to
making a more explicit way of how Denmark should become fossil fuel independence. It
could be in all politicians interest to for Denmark to stay to have this status of being a
pioneer for using renewable energy in their energy sector and thereby in the small district
heating area. Therefore is needed to establish some short-term targets and the long-term
goals for each area in the energy sector. These targets should include a more specific
plan for how any sector should do in the future. Within the particular strategy for the
small district heating area, there should be made a guideline for where some particular
energy sources will be more optimal to install, e.g., district heating companies where
solar collectors or industrial energy will be a good possibility. Furthermore, will broad
agreements for the energy sector from the political parties making sure that the settlement
not will be replaced by a new deal if the majority shift after an election. Setting more
targets for how the different areas of the energy sector should develop will help, if is set by
a significant majority of the parties should give a more stable energy politic. With these
initiatives in the politics, the district heating companies can see what the targets for the
sector is, and therefore they know what investments there will fit this path.

6.4.3

Lessons learned form the political barriers

In the this section will be answered the sub question; "What barriers exists and which
initiatives will help the small district heating areas most to become fossil fuel independent?.
The political barriers are many for the district heating sector. The case has experience
how the fuel linkage to natural gas making investment be delayed. The CHP requirement
was been to be backup to the electricity, but now is the CHPs in the small district heating
area a burden when they should reinvest. The changes in the taxes and grants have
make uncertainly for the district heating companies wants to make their investment to
reality. The savings towards electricity believes that other production units should get
added tax and in special biomass. The focus of the taxes also set a barrier as it is set up
like that all district heating sector should select, but the district heating sector need to be
less dependent of one specific energy sources as electricity. Then the socio-economic and
business-economic analysis is not agree of what scenario will be the best for a certain case.
Even the economic analyses are agreed in this report analyses, will it not always be the
situation and may results that some district heating companies cancel or postponed their
new investment. For the case will the 4GDH system be likely due to it will be difficult
for the system to get down to the level of the 4GDH temperature. 4GDH will be hard to
implement in old villages. The changing polities make it difficult the district heating sector
to what path they should go towards fossil fuel independence. Then they will remove the
connection obligation and the dedication for the consumers, which can be the end for some
of the small district heating area.
The new energy suggestion will remove the CHP requirement and fuel linkage from next
year, which will give the district heating sector more choice and not forced to continue
to have CHP or use natural gas. The taxes should not focus at one specific subject and
therefore an initiative could at some point make the other solutions closer to the electricity
to keep the flexibility of different energy sources in the district heating sector in the future.
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A possibility could also be more transparency of how the taxes will develop in the future
due to the district heating companies can trust their investment will be good for many
years. To solve the socio-economic and business-economic analysis could it possibility
to move around in how the taxes imposed the different production units, thereby will
the socio-economic and business-economic analyses could give the same result for which
scenario will be the best in a case. A better energy efficient in the system can may do to
make 4GDH system, but to go in that direction of 4GDH will also help. The 4GDH should
be done in all the places where it is possible and the other area should go so close as they
can come to the 4GDH. The clarity from the politics can a solution be to many targets,
both short-term and long-term, for how the energy sector become fossil fuel independence.
Furthermore will agreement for the energy sector from a big majority of the parities give
security that the settlement not will be changed after an election.
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In this chapter will discuss what different changes in the results, the selected case, choice
of methods and the validation of the report concerning the delimitation that the report
has made.
In the project, give the technical and economic analysis in the report a clear picture of
the electricity and straw scenario will be the best solution for the case. This selection will
help to get more electricity into the district heating sector. However, the results could
change due if there were some different prerequisites made by the report. In the report
has used a COP of 3.6 to the heat pump in primary results. If the report has chosen a
smaller COP for the heat pump will have a higher electricity production, and therefore it
could have changed what scenario will be the best. In especially in the business-economic
analysis the electricity and straw scenario is more or less tied to the solar, electricity
and straw scenario. The electricity prices in this report are from the expectations for
the Danish Energy Agency believe the price will develop. This development can be by
some uncertainty due to the calculations of how the electricity prices will develop have
in previous predictions show that many of the calculation believe that the price will rise,
but many of times the electricity price has ended by falling prices. Therefore have these
numbers about the rise of the electricity used in the calculation uncertainty could have
been a sensitivity be about if the electricity stays at the same level during the 20 years
period.
The Choice Awareness Theory what for the report to make sure technologies was left-out
without any reason. The report has chosen to focus on the heating part and therefore
could be discussed if any CHP will have been better for the case system. Furthermore,
the report has investigated possibilities before limited them from the process and therefore
has the report for the primary search followed the Choice Awarness Theroy.
From the different technical scenarios to select the three scenarios has been done by which
fit the case system and what was possible in the area. Therefore could the selection of these
production units match precisely to the case. These selections could have been different
for the similar case system located in another area of Denmark. By the different possible
opportunities to other cases could it give other compositions of heat production units and
thereby another result for the case. Therefore can the results be discussed how useful they
will be to other similar cases.
In two of the scenarios in the report is there installed an electric boiler. The electric boiler
has in both the system a minimal production and therefore can be discussed if installing
an electric boiler to the system. The report has a focus on stability for the system and
by installing an electric boiler give the system heating production unit to use if something
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happens to some of the other heat production units. However, when the electric boiler
only has very few production hours can it be considered if the electric boiler is irrelevant
for the two scenarios. When removing the electric boiler will give higher production cost
in few hours, but the scenario will save the investment from buying the electric boiler.
Furthermore could a change of how the different size of the heat production units in
the various scenarios have to change what outcome of the result. The size of the heat
production units was selected to compromise each other, but also a bit of randomness,
which is a critical point of the scenario analysis. The selection of the scenario analysis is
to have many different possibilities to what should be the new investment, and therefore
possible to different compositions which not will have been possible if the report only has
chosen to use the only solution. The mix of the scenarios could have been different, e.g.,
higher production of electricity in the solar, electricity and straw scenario. A change like
this will may result that the solar, electricity and straw scenario will be the best scenario.
The reason for the mix of the scenario in the report was to make it easier to see what the
different heating production units could give to the case system.
The selection of the method EnergyPRO was to simulate a local district heating sector by
using the most realistic values. EnergyPRO only knows the values it has been given and
ignores all the other things. If a tool which could be some detailed, e.g., where the grid loss
may not be the same for the whole villages. To the circumstance, the report should, which
is to simulate a local district heating area, and to the limited knowledge of simulation tool
the report have, does the EnergyPRO fit for this purpose.
In the analysis is the existing system only describe, but not simulated due to the close
expire date. The report could have select to run the current system, where the there be
a change in production unit when the got to their expiring date. This simulation could
have shown how the difference will be to go from the existing system to select one of the
three scenarios in the case. When not simulating the existing system in the analysis can
the report could only relate to the different scenarios and not compared the scenario to
how the existing system will manage under the same prerequisites.
The report has seen if 4GDH will help the district heating sector. By using the simplified
model for the 4GDH will an indicator for how 4GDH will manage in the case system.
Furthermore, the report by EnergyPRO made a specific heat loss to the system and not
modeling the different heat losses in the system. When not modeling the report may miss
areas where is more significant heat losses or areas where it will be difficult to use the
4GDH temperature. The report prerequisites for the 4GDH is only a small part of the
complete system and therefore needed an in-depth investigation to get a better idea of
how the 4GDH good an idea it will be to update the system to 4GDH. Furthermore, will
a complete study of the 4GDH show if the 4GDH is possible in the case.
In the economic analysis have the report chosen to use both the socio-economic and
business-economic analysis, which is done to get the results from a society view and the
district heating company view. The data use to the economic analysis was overall values
for the different heat production units, which will indicate that these values could differ
from case to case. Therefore could the investment price for a scenario be different from the
technology catalog, which may have changed the overall results of the economic analysis.
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The report has made some sensitivity analysis of the economic analyses to see if the overall
results will change if one of the circumstances will occur. The sensitivities made in the
report get a good idea of what scenario will case should select. Even though the report
could have done some other sensitivities analyses, e.g., split up the fuel prices into the
different energy sources to see what difference will do if one of the energy sources only got
a price increase or decrease. Furthermore, could change the variable and fixed cost for the
production unit make an adjustment for which scenario will be the best scenario for the
case.
The report has made some delimitations due to the report limited resources. For the
selection of production unit, the report limited from the current legislation. If the report
should follow this legislation could the report only select a few due to two of the three
villages should follow the CHP requirement. By following the CHP requirement, will
the scenarios in the report and the results of the case be different. The limitations of
the legislation give the report more production units to select between. The report was
due to the limited time not chosen a lot of scenarios, but only three scenarios. With a
lot of scenarios will it be possible to compositions the production units without thinking
about how the scenario will be. In reality, will not be selected an unlimited number of
scenarios. When the report only has selected the report needed to be more specific in
their compositions of the scenarios. A disadvantage for only investigated is the report
may limited form a scenario, which could be a better solution for the case than the
selected scenarios. Therefore could a possibility to make a further investigation where
more scenarios are selected to limit the risk of missing out of a better scenario for the case.
In the political analysis, the report has suggested some initiatives to the biggest barriers in
the district heating sector. The report knows that all the initiatives may not be realistic in
reality due to disagreements or the initiative is not a popular. The purpose is to show that
something can be done for the district heating sector to become fossil fuel independence.
Even the report has made some limitations, which may change the overall result, it can
be a useful indicator of what barriers is the biggest for the small district heating sector to
become fossil fuel independent.
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In conclusion, will the most significant results will be (obtained) from the analysis will be
presented. Additionally, will research question of the report be answered.
The Danish energy sector has in recent year implemented more renewable energy and
special in the district heating sector. Now the district heating sector has reached a level,
where they need to get some new initiative to continue towards fossil fuel independence.
The district heating should include more electricity sources into the sector. Furthermore,
the district heating sector needs to update their system to a 4GDH system, which requires
lower temperature and higher efficiency in the heat production units. This development
is facing the current regulation, which is not fitting to include 4GDH and will help the
sector to become fossil fuel independence. Therefore will the report investigated by using
the research question;
What are the main challenges for the smaller district heating areas to succeed in becoming
fossil independent by 2050 and how can 4th generation district heating (4GDH) help in this
regard?
Though the case "Hørby, Thorshøj, and Østervrå" is investigated in different scenarios
in technical and economic analyses by simulations in EnergyPRO. After investigating the
production result, the environmental effect and knowledge about the case have of the
production units in the scenarios, the electricity and straw scenario will be accounted as
the best solution in the technical analysis. By the economic analysis is find that the solar,
electricity and straw scenario has the most expensive investment cost, while the straw
scenario has the highest operational cost. Furthermore, the electricity and straw scenario
is the scenario which is most affected by the taxes. Sensitivity analysis to see if changes in
the essential values will change the economically results. For both the socio-economic and
business-economic analysis shows that the electricity and straw scenario will be the best.
The 4GDH system will help a better solution for two of the three scenarios and the 4GDH
systems are less affected by the electricity price. The political barriers are in particular
the uncertainty of how the district heating sector, in general, will move forward and the
constant changes from the government makes it difficult for the district heating companies
to know what direction they should go with their investment. There are some initiatives
which will give them a clear path for the district heating companies. Broad majority for
an agreement to the energy sector, removal of regulations and the changes socio-economic
and business-economic calculations to get more common answers to which scenario a case
should select.
As mentioned in the discussion could different combinations of heat production units
affected the result. If the report could have select more than three scenarios, which could
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have made other combination and may find a better combination. The selection of the
production unit to the case may be different in similar cases in other areas due to different
prerequisites, e.g., better opportunities for industrial heating. More sensitivity analyses
could have made to see if other developments could have change what scenario will be the
best and thereby stronger arguments for selected the scenario. The 4GDH system in this
report is only a simplified model, which means it will not give the complete picture of how
the 4GDH, in reality, will manage in the case.
The prevention of the small district heating areas to get towards fossil fuel independent
is that there is no clarity of how the district heating sector should be in the future.
Furthermore, the taxes at the production units and the disagreement between the socioeconomic analysis and the business-economic analysis can make the district heating
companies delay or cancel their investment. For the district heating sector is there some
initiative, which can help the district to become fossil fuel independent. A complete 4GDH
model of the system is required to can answer if it will help, but the report result indicates
that it can the small district areas Due to the limitation of this report will it require
a follow-up investigation where more scenarios and a more in-depth 4GDH system will
be investigated before the district heating companies in the case should make the final
decision. By this follow-up will know precisely what the biggest barriers are for the small
district heating sector.
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A.1

A

Interview guide

Figure A.1. The interview guide for the two interview. This was the overall subject for to follow
making the questions.

A.2

Jens Larsen - Hørby heating plant

Spørgsmål til Jens Larsen
1. Hvordan er fjernvarmesystemet opbygget i Hørby, Thorshøj og Østervrå?
2. Hvilke udfordringer oplever fjernvarmeværket som de største? Hvorfor?
3. Hvordan er mulighederne for at vælge et bestemt energianlæg?
4. Hvordan påvirker den nuværende regulering for fremtidens udvikling jeres fjernvarmesystem?
5. Hvordan vil en sænkelse af temperaturen, som er den nyeste teknologi indenfor området,
betyde for fjernvarmen? Og vil det forbedre muligheden for fjernvarmen i fremtiden?
6. Hvordan mener du de økonomiske analyser virker i forhold til at skifte til vedvarende
energikilder? Hvad er risikoen ved at vælge biomasse?
7. Hvilke vedvarende energikilder vil dominere de små fjernvarmeværker i fremtiden? Er
det er muligt under de nuværende forudsætninger?
8. Hvilke politiske lovgivninger så du gerne blive fjernet?
9. Hvordan hænger Frederikshavns Kommunes mål inden for energiområdet sammen med
de nuværende muligheder i fjernvarmen? Er de realistiske at opnå?
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10. Hvordan er fjernvarmen rustet til fremtidens udvikling?

A.3

Jacob Staufeldt - Frederikshavn Municipality

Spørgsmål til Frederikshavn Kommune
1. Hvorfor har Frederikshavns Kommune valgt 2030 som mål for fossil uafhængighed - 20
år før resten af Danmark? Er det realistisk at nå?
2. Hvad er Frederikshavns Kommunes mål for fjernvarmen frem mod 2030?
3. Hvordan er mulighederne for kommunens valg af energianlæg i forhold til forskellighed?
Er disse valg ens for alle fjernvarmeværker i kommunen?
4. Hvordan hænger den nuværende reguleringen af fjernvarmen sammen med det at opnå
Frederikshavns Kommunes mål i 2030?
5. Hvilke udfordringer er der i planlægningen af fjernvarmen i fremtiden? Og hvilken er
p.t. den største?
6. Hvad gør de politiske tiltag for fjernvarmen i Frederikshavn Kommune?
7. Ifølge Frederikshavns Kommunes mål, er det vigtigt at bruge flere lokale ressourcer?
Hvad tænkes der i den forbindelse med fjernvarmesektoren?
8. Hvordan er fjernvarmen rustet til fremtidens udvikling mod fossil uafhængighed?
9. Hvilke økonomiske ændringer fra politiske side vil hjælpe fjernvarmesektoren mest i
Frederikshavn Kommune?
10. Hvordan virker de økonomiske værktøjer i forhold til skift mod fossil uafhængighed?
11. Hvordan vil en lavere temperatur i fjernvarmen hjælpe med at lykkes?
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