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1 | Introduction
The industrial development in Denmark was in the late 1800s and early 1900s enhanced by the cooperative movement which caused farmers, manufacturers, and
suppliers of various services to join together in respective groups and partnerships
in order to minimise overall costs. This also applied for the energy sector where
district heating (DH) began to replace individual heating in dense urban areas.
[Skov and Petersen, 2007]. In line with the cooperative thinking, DH was and still
is, essentially centralising and streamlining the production of heat while partitioning expenses among consumers.

1.1

The foundation of Danish DH

The gradual transition from individual heating to DH made large investments possible which allowed investing in large production capacities of which the investment cost was cheaper per increased capacity. The large capacity production units
were not only cheaper per capacity, but were also more efficient [Skov and Petersen,
2007]. In this way, economic savings were achieved in both investment and production. Apart from the economic savings, another benefit was the minimisation of
manual work from fuelling the individual boilers. Hence, the initial benefits of DH
were primarily economic savings and comfort. The disadvantage of DH is the grid
losses induced from distributing heat in particularly over longer distances. With
time, pre-insulated pipes and lower supply temperatures have decreased this loss.
However, the average overall DH grid loss is still noticeable at around 23% [Dansk
Fjernvarme, 2018a]. This exemplifies the fact that DH is most advantageous in
dense areas where grid losses can be minimised. A further potential of decreasing
this average grid loss is present and can be achieved from decreasing supply temperatures, optimise dimensions of pipes and increase the insulation thickness. DH
started to dominate the Danish heat supply in dense cities around 1950 and 1960,
where 250 new plants were established [Skov and Petersen, 2007]. The share of DH
has increased since its beginning and is today the most common type of heating
based on installations, with 63.9% of all heat installations in Denmark being DH
[Energistyrelsen, 2018].
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1.2

The versatility of DH in the Danish energy sector

The constant increase in the number of DH consumers is a result of the political and
technological development that DH has gone through. During recent decades, DH
has become an important part of the Danish energy sector. From primarily serving
as a cheap and convenient alternative to individual heating, DH has developed
to also assist the electricity sector and claim a key role in the green transition of
phasing out fossil fuels in favour of renewable and sustainable alternatives [Danish
Government, 2018a]. An outline of the versatile operation of DH in the Danish
energy system is given in Figure 1.1.

Figure 1.1: An outline of the versatile operation of DH in the Danish energy system. DH both assists
the electricity sector and utilises renewable energy.

The assistance of the electricity sector to maintain a high security of supply is
a result of the production of combined heat and power (CHP) and consumption of
electricity at times of excess electricity production. By producing electricity when
there is no wind or solar power production, the DH can maintain the electricity
supply and by consuming electricity at times of excess production, energy can be
stored in terms of heat. Storing energy in the form of heat can be done at a low
cost compared to storing energy in e.g. batteries [Lund et al., 2016]. The DH sector
has contributed as a versatile producer and consumer which seems to also have a
great potential in the future, given that the capacity of intermittent energy supply
such as wind power is projected to increase as a result of the aim of being fossil
free in Denmark by 2050 [Danish Ministry of Energy, Utilities and Climate, 2018].
2
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1.2.1

DH in regards to the green transition

The DH sector directly contributes to the phase-out of fossil fuels and reduction
in CO2 -emissions. This can be confirmed by comparing the fuel supply for DH
with fuel supply for individual heating. Most capacity of oil boilers in the DH
sector are today either replaced or do only serve as emergency backup units [Energistyrelsen, 2018]. Thus, oil boilers were only primary production units for 0.5%
of all DH plants in 2017, whereas 26.3% of the individually heated households (excluding households supplied by DH) were still supplied by heat produced from
oil boilers. Also, primary production units supplied from NG made up only 15.7%
in the DH and 42% of individual heating installations. [Energistyrelsen, 2018] One
of the reasons for this is that fuels for DH are more easily converted to renewable
and sustainable fuels due to the unified production and continuously revised regulations. Furthermore, the obligation to meet the EU requirements of CO2 -quotas
which DH companies of more than 20 MW input capacity must meet, indirectly
enhances the transition for utilising renewable and sustainable fuels and minimise
consumption of fossil fuels [Danish Government, 2012a].
Besides utilising renewable and sustainable fuels such as biomass, solar thermal
energy, biofuels and electricity, DH also has the benefit over individual heating to
utilise excess heat from production facilities. With the integration of large heat
pumps (HP), low-temperature sources from both excess heat recovery and natural
heat sources can be utilised.
Currently, the DH sector is essential to the Danish energy system in terms of
both security of supply and sustainability. Also in the future DH is projected to
have a key role due to its possibilities from versatile operation [Danish Ministry
of Energy, Utilities and Climate, 2018]. In the aim of Denmark to be fossil free by
2050, the DH sector has already proven to be a progressive shareholder of which
a further potential is projected in e.g. excess heat recovery and in the utilisation
of excess electricity production from intermittent energy sources. In 2017, DH
produced from oil, coal and NG made up 28.3% of the total heat production [Energistyrelsen, 2018]. According to the energy agreement of 2018, by 2030, 90% of all
heat produced for DH is to be produced from other energy sources than oil, coal
and gas [Danish Ministry of Energy, Utilities and Climate, 2018]. Hence, production of heat based on oil, coal and gas needs to be reduced by 18.3% in 13 years.
It is furthermore the objective that the remaining 10% of fossil fuel based heat
production is phased out by 2050 to accomplish the aims of reducing greenhouse
gas emissions according to the Paris agreement and EU energy strategy [United
Nations, 2015] [European Union, 2012].

3
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1.3

Future challenges to the DH

Due to the technological and legislative development since the beginning of DH,
certain types of individual heating has gained competitiveness to DH during recent years both in terms of costs and sustainability. In particular biomass boilers of higher efficiency and HPs of higher coefficient of performance (COP), have
proven ability to financially compete with DH while potentially being sustainable.
The degree of sustainability both for DH and individual, depends on the specific
fuel supply which can be questioned for both biomass in terms of reforestation
[Sørensen et al., 2018] and electricity in terms of renewable production such as the
wind penetration rate [Fraile and Mbistrova, 2018].

1.3.1

Individual heating

In 2018 the tax on producing heat from electricity was reduced for HPs to be
implemented both in individual heating and DH. As a result of this reduction, an
estimate was made that the price of heating a standard single-family house from
a HP, would be approximately 15,000 DKK/year [Lilleholt, 2018]. For comparison,
in January 2019 the average price of a standard single-family house supplied from
DH was 14,164 DKK/year. The distribution of prices from all Danish DH plants
can be seen in Figure 1.2. It can also be seen that the highest price of DH in January
2019 was 25,659 DKK/year. [Forsyningstilsynet, 2019a]
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Figure 1.2: Distribution of all Danish DH consumer prices of a standard single-family house and
average estimated price of an individual HP [Lilleholt, 2018]. The marked area represents the DH
plants of higher price level than the estimated price of an individual HP.

Statistically, this means that 35% of DH plants have a price that is higher than
4
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the estimated price of 15,000 DKK/year for heating by an individual HP. Compared
to the average price of DH in 2018, this is an increase of 8%, which among other
things is a result of the phase-out of the capacity payment.

1.3.2

Consumer obligations

The spread of- and support to DH in Denmark led to a definite legislation in
1983, applicable to the collective natural gas (NG) and DH supply. This legislation
is known as the Heat Supply Act (HSA) [Danish Government, 2019]. The HSA
intends to ensure the most socioeconomic and environmentally sustainable heat
supply and considers the collective basis that DH is built upon. A definite example
of the considerations toward the collective heat supply is the consumer obligations
which tie consumers to the collective heat supply to ensure the profitability of
investments. [Danish Government, 2019]
However, the consumer obligations is also what currently prevents consumers
with expensive DH installations from replacing it with cheaper individual alternatives without still being bound to pay a share to the DH. The consumer obligations
applicable in the Danish DH was implemented by law to ensure the profitability of large investments made, but has later appeared to also be advantageous in
heat planning and expansions of DH grids where it has ensured socioeconomic
investments further advancing the green transition. [KTC and KER, 2017] The consumer obligations can be divided into two governing obligations; the obligation of
connecting and the obligation of remaining connected. These obligations are applicable
according to the HSA [Danish Government, 2019] and law of consumer obligations
for collective heat supply [Danish Government, 2016]. By January 2019, the consumer obligations were eased as the obligation of connecting was cancelled from
the HSA [Danish Government, 2019]. The obligation of connecting was stated as:
"A commitment for a property to connect to the collective heat supply
i the area, which e.g. implies that the owner of the property needs to
contribute financially to the collective heat supply as stated in § 7 of the
HSA."
[Danish Government, 2016]
This means that the municipality is no longer allowed to compel newly built houses
and houses of potential DH connection, to connect and financially contribute to
the collective heat supply. Hence new connections are now based solely on the
free will of the consumers. This liberalisation and thinking is part of the regulative
and legislative consideration that is made in terms of DH and indicates the governments’ proposed future economic regulations for the DH sector [Danish Ministry
of Energy, Utilities and Climate, 2017a]. Generally, the DH sector is proposed to
transition from being regulated on special terms and operate on separate market
conditions to be based on equal conditions to other sectors and consumer groups.
5
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It is assumed that this transition will also be applied for the obligation of remaining
connected.[Danish Ministry of Energy, Utilities and Climate, 2017a] The obligation
of remaining connected is currently stated as:
"A commitment for a property that is already connected to the collective
heat supply in the area to remain connected, which e.g. implies the
owner of the property to contribute financially to the collective heat
supply as stated in § 7 of the HSA."
[Danish Government, 2016]
Consequently, consumers who are already connected to a collective heat supply are
not allowed to change for individual heating without still financially contributing
to the collective heat supply. That is unless the building meets certain requirements
of exception. Exceptions from the consumer obligations have so far only applied
for certain circumstances and buildings, including buildings already heated from
renewable energy sources and buildings, declared as low energy buildings at the
time of building approval [Danish Government, 2016]. With only a fraction of the
DH consumers already excluded from the consumer obligations, several operators
of DH plants has expressed their concern towards the governmental propose for a
complete repeal of the consumer obligations [Dansk Fjernvarme et al., 2018]. Thus
it has been suggested that the government conduct a thorough analysis, covering
the consequences that a complete repeal may entail. In this regard, the municipal
technical head association (KTC) and professional group for climate, energy and
resources (KER), has stated their highest concerns towards a complete repeal of
the consumer obligations [KTC and KER, 2017]. Concerns are specifically made
in regards to smaller DH grids, new-built areas and the heating sector in relation
to the green transition. A repeal of the obligation of remaining will ultimately
result in a reduction in the number of consumers. As the DH is built upon the
principle of financially breaking even, a decrease in the number of consumers will
increase the price of heat for the remaining consumers. Additionally, DH plants
with a consumer price above average, have a significantly higher risk of losing
consumers, as individual heating technologies are more likely to be competitive.
[KTC and KER, 2017]
Potential consequences of a complete repeal
The potential consequence of a repeal of the remaining consumer obligation is
consumers changing from DH to individual heating. Derived consequences of this
are business economic and socioeconomic losses which at worst case is a result
of a bankruptcy. The business economic losses for the DH plants is a result of
losing income in means of consumers while still having to amortise loans and
maintain the operation of the existing production units. A lower production due
to fewer consumers may cause less efficient operation of the plant and higher cost
6
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of maintenance per consumer. These losses of income and additional expenses
would have to be accommodated by increasing the price of heating which then
again could result in even more consumers leaving the collective heat supply. The
socioeconomic losses are potential losses of scrap values from pipes and increased
socioeconomic costs of heat. Also, in case that some consumers remain, the plant
would still be obliged to supply heat due to its universal service obligation stated
in the HSA [Danish Government, 2019].
Hence, plants producing and distributing heat at a noncompeting price compared to individual heating may face consumer losses and in the extreme face
bankruptcy, if a sufficient number of consumers resign from the collective heat
supply.

7

2 | Problem statement
DH has played a central role in both cross-sector electricity production and in the
transition for implementing more renewable energy. Also in the future, DH is projected to have a central role in further utilising renewable and sustainable energy
sources such as solar thermals and electricity with the additional benefit of large
scale heat storage. Both legally and financially, DH is established with specific
considerations to its consumers. Up till today, the consumer obligations has protected DH from the direct competition and potential consumer losses. However, by
2019 the consumer obligations were partly withdrawn and are potentially facing a
complete repeal according to a governmental consultation which suggests a liberated heat supply further based on market conditions [Danish Ministry of Energy,
Utilities and Climate, 2017a]. The consequences of this may be comprehensive and
several plant operators have expressed their concern towards it, leading to considerable consumer losses and potential bankruptcies. [Dansk Fjernvarme et al., 2018]
Hence, it is requested to evaluate if the obligation of remaining can be phased out,
what consequences it may induce and what parameters are decisive in this regard.
This study is delimited to investigate this on a general sector level where specifically chosen DH plants are investigated to demonstrate how many and which DH
plants are exposed to consumer losses. Finally, it is investigated how the derived
consequences can be evaded or minimised.
Research question

To what extent are Danish DH plants affected by a complete repeal of the
consumer obligations?
Sub questions
• Which Danish DH plants would be most affected by a complete repeal of the
consumer obligations?
• What consequences can a complete repeal of the consumer obligations induce?
• What parameters are decisive in assessing whether consumers want to change
for individual heating?
• How can consequences from a complete repeal of the consumer obligations
be minimised?
9

3 | Methodology and Theoretical
Framework
This chapter aims at describing the methods and theoretical framework applied
for this study. Approaches to the problem are described through applied methods
and underlying knowledge in the investigation is described through theories. Due
to the coherence of the two, this chapter does not further distinguish between the
two.

3.1

Basis of the thesis

Chapter 1 described the foundation of DH and its importance to the Danish energy system along with the future challenges it may face in terms of consumer
obligations. From a more subjective point of view, the study is based on a concern
expressed by operators of Danish DH plants at the national fair of DH 2018. It
was here stated by the minister of energy, utilities and climate, Lars Chr. Lilleholt, that the obligation of connection was to be phased out by 2019 and that the
obligation of remaining would be maintained for now. This raised questions of
what investigations had been made in this regard and the minister ensured that
a more thorough analysis would be carried out before a complete repeal of the
consumer obligations. Currently, several investigations have been made regarding competition between individual heating and DH. [Hansen and Gudmundsson,
2018] [Dansk Fjernvarme, 2018c] [Ea Energianalyse et al., 2017] However, common
to all of these studies is that they do not account for the dynamics at consumer
level within each DH grid and nor do they quantify the possible consequences of
a complete removal.
Hence, the hypothesis for this study is that a complete repeal of the consumer
obligations will cause consumers to leave the DH and put DH plants in an economically infeasible situation. To test this hypothesis and include considerations
towards specific consumers, the study will investigate basic assumptions of DH
and individual heating and compare the resulting prices on a consumer level.
The theoretical framework of the study is built around technical, economic and
regulatory measures. The technical measures are used in regards to heat production and the estimations hereof. Economic measures are used through evaluation
and comparison of prices. Regulatory measures are used for evaluating energy
policies. Furthermore, sociological and environmental measures are used through

11
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subanalysis and in general considerations throughout the study. Hence, the study
is a mix of various measures, which together constitute the socio-technical problem.

3.2

Case study

All measures are essentially embedded through the cases of this study. The case
study is conducted by investigating multiple DH plants of which each case represents a DH plant. Hence, a multiple case study is conducted [de Vaus, 2001]. The
other type of case study and possibly the most used is a single case study. A single
case study would for this investigation be insufficient as the data i.e. prices of heat
and composition of prices differ greatly from plant to plant. The advantage of conducting a multiple case study rather than a single case study is the compelling and
powerful insight it provides. From investigating multiple cases, a tougher test of
a theory can be made as it is tested under which conditions a theory may or may
not hold. However, the robustness of the multiple case study relies on a sufficient
number of cases and a cautious selection of cases. [de Vaus, 2001] The slection of
cases will be elaborated on in section 4.3.2.
By investigating actual cases, the reality is represented directly through results.
Due to the complexity and the time-consuming data gathering of data of all Danish DH plants, the multiple case study is based on specifically selected cases. The
selection of cases is based solely on the price of heat for every single DH plant.
Hence, the choosing of cases is based on behalf of the price rather than be chosen
randomly from a statistic representation. Thus, it is not the aim to make a statistic
generalisation, but rather a theoretical generalisation where each case is contributing to support or dismiss the hypothesis that there is a correlation between the
price of DH and resulting consumer loss from a complete repeal of the consumer
obligations. Initially, a DH plant for every thousands DKK/year in annual price is
investigated to specify which range of DH plants are more affected. From this, the
number of cases was increased for the range of plants of interest.
From the multiple cases, a general tendency and correlation between prices of
DH plants and consumer losses is sought. The aim of this is to predict consumer
losses of cases which are not investigated through the case study. Results are averaged across ranges in prices which inevitable causes deviations from the individual
cases. However, for investigating the overall consequences this is assumed sufficient. From a such theoretical generalisation, the number of cases and spread of
cases is crucial to the accuracy of the results.
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3.3

Report structure

In Figure 3.1 the formal report structure is given. To the right of the figure, the
governing question to the respective chapter is stated and to the left, the theories,
methods, and acts to answer these questions are listed.

What is the background
for the analysis?

Introduction

Based on the preliminary
study, what methodological
approach can assist the
analysis and which
theoretical tools can be
applied?

Methodology and
Theoretical
Framework

The process of- and
outcome of applying
these tools?

Analysis

The basis of DH
The influence of DH to the
Danish energy sector
Future consumer
obligations
Multiple case study
Technical, economic and
political measures
Mathematical modelling
Calculations of prices for
DH and individual heating
Iterative comparison of
consumer prices
Consequence and solution
analysis

Considerable
uncertainties worth
discussing?

Discussion

Inputs to the price of DH
Inputs to the price of
individual heating
Delimitations

What is the overall
conclusion taking all
steps above in
consideration?

Conclusion

Consumer losses in DH
Recommendations for
future heat supply

Figure 3.1: Report structure with chapters and description of chapter content.

The structure of the report is structured to initially state the problem and its underlying causes and then describe the approach and tools for solving the problem.
The first, second and fourth sub question of of the study are addressed through the
analysis. The aim of these sub questions is to outline the DH plants most affected
from a phase-out of the obligation of remaining and quantify consequences as well
as describe how these can be evaded to minimise consequences. The third sub
question is addressed through the sensitivity analysis in the discussion and aims
to answer which parameters are causing the evaluated consequences. Lastly, the
conclusion will sum up on results and recommendations from the study.
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3.4

Data and data gathering

The various measures of the study mean that the data gathered for the study are
both quantitative and qualitative data. The quantitative data is primarily used for
the model of calculations and comprises consumer data and building specifications
such as heated areas and derived heat demands. Furthermore, the specifications
for the production of heat and distribution of heat are quantitative data. These
comprise efficiencies and the cost of fixed and variable character.
Qualitative data mainly concern statements and considerations regarding the
legislation. Another type of qualitative data used, is the considerations towards
consumers’ affiliation to DH described by Danish Competition and Consumer Authority [2017]. Hence, the consumers’ awareness towards prices of heating and
willingness to change for individual heating. Problems of such qualitative measure
are often referred to as wicked problems as they cannot be definitively described.
Consumer behaviour might as well be affected by environmental awareness, trust
and economic factors. To wicked problems there are no true or false and the result may very likely vary from each inquiry. Thus, the same definition applies for
policy problems. [Rittel and Webber, 1973]
All data gathered for the study are evaluated in terms of validity and reliability.
An approach for this is distinguishing between primary and secondary sources. Of
these, primary sources are preferred in terms of validity and reliability as possibilities of misinterpretations, misunderstandings, etc. are reduced. Legislation data
are gathered through www.retsinformation.dk which is a governmental database
regulated by the Danish Department of Civil Affairs under the Danish Ministry
of Justice. Hence, data refer to official documents of legal agreements. For fuel
prices, taxes and subsidies, data have been gathered through Danish authorities
such as Energinet, the Danish Energy Agency and the Danish Tax Affairs. For
certain data, the authorities are secondary sources. However, as a governmental
instance, these sources are assumed to have no intention of spreading misinformation. A secondary source used, is the data gathered for Danish buildings. These
data origins from the Danish building and household register (BBR), but have been
pre-processed to analyse the potential of DH in Denmark [Grundahl, 2017]. The
reason that this secondary source is considered valid, is that it is processed with an
objective approach that incentives no interest in manipulating data for any given
outcome. Also, the BBR data can be considered as a tertiary source as the exact
data is essentially only known to the consumer of a specific building.
Another method for ensuring validity of results is through validation of data.
However, for certain research validation is not possible due to lack of comparable
data and computations. For this study, validation is complicated from the large
amounts of data and the fact that no study is found to use data in the specific
configuration of this study.
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3.5

Analytical approach and tools

The analytical approach for this study is governed by the large amounts of data
and the multiple measures involved. The BBR data initially contain 2,554,280 data
points each representing a building with information of the geographic location,
type of heat supply, year of construction of the building, etc. To handle the large
amounts of data and to geographically define the data points of interest, the geographical information software, ArcGIS has been used. Microsoft Excel is simply
limited to a certain amount of data and visually defining buildings within each
DH grid is more practical and time efficient. Buildings are initially sorted by type
of heating supply. Then from an outline of cities, buildings within each DH grid
are defined. Hence, a data set of buildings within each DH grid is made.
The pre-processed data of buildings also contains estimated heat demands
based on every single building [Grundahl, 2017]. However, average heat demands
based on the year of construction have been made for this study. The reason for
this is to ensure that heat demands represent the concurrent stage of insulation
standards etc. The assessment of heat demands is further elaborated in section
4.2.3.
Large amounts of data are also gathered in terms of DH plants and corresponding prices of heat. In the statistics made by Forsyningstilsynet [2019a], 393
DH plants are listed with corresponding variable prices and total prices of heat for
a standard single-family house of 130 m2 . Based on the listed DH plants 39 DH
grids were selected in a circumspectly way aiming at covering the full price spectre
as well as thoroughly analyse the DH plants with the highest prices of heat. Specific fixed and variable prices of the 39 DH plants were gathered from the tariffs of
each DH plant.
By combining the sets of data, the price of heating for every single building can
be estimated. The combining of data and the main analysis is made in Microsoft
Excel. Through the embedded functions of Excel, a matrix is made indicating the
area of each building as well as the heat demands based on the year of construction.
By multiplying the matrix with the variable price of the specific DH plant and
individual heating, the variable cost for every building can be calculated and added
to the fixed costs. The capacity payment of DH is furthermore multiplied with the
heated areas. A more in-depth clarification and overview of calculations are given
in section 4.3.1.
When calculating the consumer losses induced by prior consumer losses, an
iterative calculation is conducted. Essentially it means that calculations are recalculated in iterations until the result converge or a convergence criterion is fulfilled.
For each iteration, the inputs are updated which in this case means that the fixed
price of heat is updated according to the number of consumers who choose to
leave the DH according to the previous iteration. A convergence criterion is for
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these calculations a minimum of change allowed for the price of heating.
Besides ArcGIS and Microsoft Excel, EnergyPRO has been used for estimating
variable costs of DH. The reason for using EnergyPRO and not simply adding up
costs and taxes for each technology is its efficient setup of model inputs for evaluating changes hereof. Furthermore, the visualisation of spot price dependency has
been used for estimating ranges of variable costs in a present context.
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In order to conduct the analysis, investigating consequences of a complete repeal
of the consumer obligations, a series of preliminary sub analysis needs to be conducted. Initially, it is evaluated how the price of heat is distributed for all Danish
DH plants. The aim of this is to obtain an overview of how groups of DH plants
differentiate in terms of price and to possibly narrow down the field of plants for
the analysis based on prior knowledge. Following, parameters decisive to the economic vulnerability of plants are derived and specified. These parameters link the
price of heat to the investigated necessity of the consumer obligations. The specified parameters are used as inputs for the governing analysis, investigating the
competitiveness of DH to individual heating. From this analysis, it is feasible to
quantify how likely plants are to suffer economically from a repeal of the consumer
obligations by estimates of how many consumers will leave the DH grid.

4.1

Danish DH plants

Several divisions are made within the Danish DH sector. Division of plants can be
made, based on parameters such as capacity, number of consumers, type of supply
etc. A common division often referred to, is the division in centralised plants, decentralised plants and only heat-producing plants. This division is primarily based on the
type of supply as it distinguishes between electricity producing plants and nonelectricity producing plants. However, it also considers capacity and number of
consumers to some extent, as the centralised plants are defined among the largest
plants of more than 25 MW electric capacity [Danish Ministry of Energy, Utilities
and Climate, 2017b] [Danish Government, 2014].

4.1.1

Centralised-, decentralised- and only heat producing DH plants

As centralised and decentralised plants are both groups of DH plants with CHP
production, the income of selling electricity on the spot market is contributing to a
lower price of heat. However, it is only favourable to produce electricity in circumstances where the spot price is higher than the production costs including taxes.
Hence, CHP plants are in most cases also capable of only producing heat from a
secondary production unit. Depending on the spot price and fuel costs etc., an only
heat-producing plant may be cheaper in operation for certain hours. However, this
heavily depends on fuel costs, spot prices and operation and maintenance (O&M)
costs. During the recent years the spot price has been decreasing and as a result,
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the number of full load hours of CHP production has decreased from more than
3,000 hours/year in 2010 to approximately 1,000 hours/year in 2017 [Boes, 2018]
Price statistics have been gathered annually by Forsyningstilsynet [2019a] since
2007. By applying the aforementioned division of DH plants, these statistics show
that the price of heat does depend on the type of plant. However, the most significant distinction is made from the capacity and number of consumers. As shown
in Figure 4.1, during the most recent 5 years, prices of heat has been rather stable,
but centralised plants have statistically been 10%-31% cheaper than the average
price of heating. Also, the difference between decentralised plants and only heatproducing plants have only differed 1%-11% and has equalled by 2019. One of the
reasons for this is the phase-out of the capacity payment which caused an increase
in the price of heat for decentralised plants.

Average standard single-family household
heating price [DKK/year]

Annual average consumer prices of the three groups of DH
16,000
14,000
12,000
10,000
8,000
6,000
4,000
2,000
0

2015

2016

2017

2018

2019

Year

Only heat producing plants

Decentralised plants

Centralised plants

Average price of heating

Figure 4.1: The average price of heating based on the division of centralised-, decentralised- and
only heat producing plants.

The price of heat which is referred to and compared is based on a widely used
estimate of a standard single-family house. This estimate is based on an annual
heat consumption of 18.1 MWh in a 130 m2 house, including both space heating
and domestic hot water use. Annual heating prices will henceforth refer to the
annual price of heating a such standard house if not stated otherwise.
From the 393 DH companies assessed by [Forsyningstilsynet, 2019a] in 2019, 9
plants have been assigned as centralised plants, 197 as decentralised plants and 187
as only heat-producing plants. Due to the price of heating from centralised plants
being 2,153 DKK/year and 2,025 DKK/year lower on average than for the decentralised and only heat-producing plants respectively, the centralised plants are not
considered to be influenced by the potential repeal of the consumer obligations.
Furthermore, the centralised plants supply heat to more than 30,000 consumers on
average [Dansk Fjernvarme, 2018b] and are decisive to the electricity sector. Hence
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the relatively low price of heating combined with the relatively high number of
consumers and cross-sector importance excludes the centralised plants from the
further analysis.

4.1.2

Spread of DH prices

Compared to other services and products, the DH sector is characterised by having
a large spread in prices. As described in the previous section, the average difference between only heat-producing plants and decentralised plants is not currently
considerably large, however, the price range across the individual DH plants is.
The difference in annual cost from the cheapest to the most expensive is 20,801
DKK for a standard single-family house.
The distribution of DH plants based on the annual cost of heat can be seen in
Table 4.1. The number of DH plants are given in price intervals along with the
percentage that they represent from all DH plants. Notable is that 57% of Danish
DH plants lie within the range of 10,000 to 15,000 DKK/year for heating a standard
single-family house. Also, the vast majority of DH plants have a price of heat below
20,000 DKK/year.
CB,DH [DKK/year]
25,00020,000-24,999
15,000-19,999
10,000-14,999
-10,000

Number of DH plants
1
13
126
224
29

(0.3%)
(3.3%)
(32.1%)
(57.0%)
(7.4%)

Table 4.1: Numbers of DH plants within each range of DH prices.

From the spread of prices in Table 4.1, plants are covered in intervals of 5,000
DKK. By doing this, intervals cover the most expensive, the average priced and the
cheapest DH plants. As a distinct correlation between the DH price and potential
consumer losses are found, results are henceforth represented from a subdivision
similar to Table 4.1.

4.2

Preliminary studies

As clarified in Chapter 1, the possible repeal of the consumer obligations is generally affecting the plants with a high price of heating and a low number of consumers. This is due to the competitiveness that individual heating solutions have
gained and the increased risk of bankruptcy in case that few consumers opt out
of DH. However, additional parameters affect the price of heat and the choice between DH and individual heating. Of these parameters, the following has been
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investigated:
• The price of DH
• The price of individual heating
• Building stock based heat demand
• Consumer affiliation to DH
• Terms and conditions for consumer withdrawals

4.2.1

The price of DH

According to the HSA, DH companies are restricted to only charge money for
production related expenses [Danish Government, 2019]. Hence the principle of
breaking even is compulsory to the DH sector. However, the distribution of costs
vary from plant to plant due to the expenses that they cover and so does fees for
the DH. Generally, the total plant costs and the total consumer fees can be divided
into fixed and variable costs and fees.
The fixed fees comprise all costs which do not specifically vary with production.
Being; staff salaries, administration and sale, costs of public obligations etc. For
the consumers, these costs are usually assigned as fixed fees as well, based on the
number of meters in the household and area of heated household. These costs are
also known as the consumer subscription fee and consumer capacity fee. Unlike
the variable fees, fixed fees are directly dependent on the number of consumers,

Plant costs Fixed costs
Staff salary
Administration &
sale
Consultancy
Public obligation
Grid maintenance

Consumer
Fixed fees
fees
Subscription
Capacity

Variable costs
Production
O&M
Taxes

Variable fees
Consumption

Other costs
Grid expansion

Other fees
Connection

Figure 4.2: An overview of plant costs and corresponding consumer fees.
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Heating price [DKK/MWh]
0

Nimtofte - NOFF - Takstområde 1
Rise Fjernvarme Amba
Snertinge, Særslev, Føllenslev - SSF Energiselskab
Odsherred Varme A/S
Hundslund-Oldrup Kraftvarmeværk
Manna-Thise Kraftvarmeværk
Thorshøj Kraftvarmeværk Amba
Løkkensvejens Kraftvarmeværk Amba
Gedsted Varmeværk
Ingstrup Fjernvarme
Østerild Fjernvarmeselskab A.m.b.a.
Holsted Varmeværk
Onsbjerg Varmeværk
Tønder Fjernvarmeselskab A.m.b.a.
REFA Gedser Fjernvarme A/S
Gjerlev Varmeværk
Viborg Fjernvarme
Rejsby Kraftvarme
Ans Kraftvarmeværk
Tim Kraftvarmeværk Amba
Tistrup Varmeværk
E.ON Varme - Lendemarke Varmeforsyning
Mellerup Kraftvarme Amba
Løgstør Fjernvarmeværk
Vrå Varmeværk
Gylling-Ørting-Falling Kraftvarmeværk
Ø. Brønderslev Kraftvarmeværk
Ansager Varmeværk
Mørkøv Varmeværk Amba
Broager Fjernvarmeselskab
Brøns Kraftvarme A.m.b.a.
Vorupør Kraftvarmeværk AMBA
Hillerød Varme A/S - Gørløse
Præstbro Kraftvarmeværk A.m.b.a.
Gjøl Private Kraftvarmeværk A.m.b.a.
Overlund Fjernvarmeværk A.m.b.a.
REFA, Stubbekøbing Fjernvarme A/S
Stege Fjernvarme Amba
Hashøj Kraftvarmeforsyning A.m.b.a.
Skovsgaard Varmeværk A.m.b.a.
Holme Lundshøj Fjernvame A.m.b.a.
Engesvang-Moselund Kraftvarmeværk
Durup Fjernvarme
Hvalpsund Kraftvarmeværk A.m.b.a.
Boulstrup-Hou Kraftvarmeværk A.m.b.a.
Skørping Varmeværk A.m.b.a.
Guldborgsund Varme
Malling Varmeværk A.m.b.a.
Bramming Fjernvarme A.m.b.a.
TRE-FOR Varme, Kolding A/S
Glyngøre Fjernvarmeværk
Tommerup St. Varmeforsyning A.m.b.a.
Næstved Varmeværk
Frederiksberg Fjernvarme A/S
Hirtshals Fjernvarme A.m.ba.
Tversted Kraftvarmeværk A.m.b.a.
Maglevad
Tranbjerg Varmeværk Amba
Vojens Fjernvarme
Halsnæs Varme A/S
Allingåbro Varmeværk
Hammershøj Fjernvarmeværk
Nørre Snede Varmeværk, Værk I
Sakskøbing Fjernvarmeselskab Amba
Veddum Skelund Visborg Kraftvarmeværk A.m.b.a.
Ribe Fjernvarme Amba
Højslev - Nr. Søby Fjernvarmeværk a.m.b.a.
Skuldelev Energiselskab Amba
Værløse Varmeværk
Nyborg og Ullerslev Fjernvarmeforsyning
Vildbjerg Varmeværk A.m.b.a.
Hvidbjerg Fjernvarme A.m.b.a.
Fjerritslev Fjernvarme
Trustrup-Lyngby Varmeværk Amba
Gørding Varmeværk
Ølgod Fjernvarmeselskab Amba.
Halvrimmen-Arentsminde Kraftv.værk Amba
Mou Kraftvarme Amba
Als Fjernvarme a.m.b.a.
Østbirk Varmeværk a.m.b.a
Sindal Varmeforsyning Amba
Lem Varmeværk
Løkken Varmeværk
Grenaa Varmeværk
Rødbyhavn Fjernvarme Amba
Maribo Varmeværk Amba**
Hinnerup Fjernvarme
Haderslev Fjernvarme
Vejlby Fjernvarmecentral
Assens Fjernvarme Amba - Fyn
Hjørring Varmeforsyning
Struer Forsyning Fjernvarme A/S
Fredericia Fjernvarme
Videbæk Varme
Gartneres Varmeforsyning i Belling - Fangel ApS
Grindsted, Gev Varme A/S
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as the plant costs of which the fixed fees make up are rather constant and equally
divided between consumers. The reason for the fixed costs and fixed fees to not be
definitely constant in the case of a consumer decrease is the fact that a sufficient
decrease might have an impact on staffing due to less need of manpower, grid
maintenance due to more unused grid etc. For this study, however, the fixed fees
are assumed to increase according to a decrease in consumers. Thus, a 5% decrease
in consumers yields a 5% increase in fixed consumer fees.
Variable costs and fees, on the other hand, vary with production and depends
on the demand of heat. The variable fee is directly linked to the costs of production and is paid per consumed MWh or m3 . Hence it greatly depends on the type
of heat production specific to the plant. When comparing plants, this cost of production is often used as a parameter to weigh technology and efficiency between
plants. The fee is also referred to as the consumption fee. A decrease in consumers
is assumed to only have a minor impact on the variable plant costs and variable
consumer fee. This is due to the fact that production of heat would simply be
less, only affected by the efficiency and transmission losses. The efficiency of the
heat production unit is dependent on the load at which it produces, thus a lower
demand would eventually cause the efficiency to decrease. The transmission heat
loss, on the other hand, would increase per consumer, if consumers on the same
transmission or distribution line disconnected from it. For this study, the variable
consumer fees are kept constant, unconditioned by the decrease in the number of
Fixed and variable costs of DH plants for a standard single-family house

30,000

25,000

20,000

15,000

10,000

5,000

Fixed costs

DH plant
Variable costs

Figure 4.3: Fixed and variable production costs of all investigated DH plants ranged from most to
least expensive plant based on the total annual price of heating. [Forsyningstilsynet, 2019a] Tendency
line of the variable costs is given by the dotted line.
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consumers.
Besides fixed and variable fees, grid expansions and new connections to the
DH grid are financed from installation or connection fees. However, as only the
decrease in the number of consumers is investigated, these costs are not included
in the further analysis. An overview of plant costs and consumer fees can be found
in Figure 4.2.
Statistics by Forsyningstilsynet [2019a], show that the average variable production cost in 2019 was 526 DKK/MWh with an upper and a lower price of 988
DKK/MWh and 141 DKK/MWh respectively. There is a general tendency between the variable production cost and the total price of heat as can be seen from
the dotted tendency line in figure 4.3. However, the fluctuations in variable production costs indicate that the relation between the total price of heat and consumer
dependency is not consistent. Due to the dependency between the fixed fees and
the number of consumers, a plant of higher total heat price may be less influenced
by a decrease in consumers than one of lower total heat price and vice versa.
To sum up, in the case of a decrease in consumers, variable consumer fees are
assumed to remain constant while fixed fees are assumed to increase according to
the decrease in consumers. Also, a high total price of heating is not necessarily
implying that a plant is more vulnerable to loss of consumers, as the ratio between
variable and fixed fees vary from plant to plant with some dependency to the total
price of heat.

4.2.2

The price of individual heating

A dismiss of DH in favour of an individual alternative is presumed to take place
only if the price of heat is lower and practical circumstances are comparable to
DH. Thus, the cheapest and most comparable alternative to DH is sought through
this subanalysis. Of comparable aspects besides the price of heat, the degree of
sustainability and comfort will be taken into account and compared as these are
considered to have an impact on the choice. For the degree of sustainability, it is
evaluated whether the legislation approves the specific change for a potentially less
sustainable source of heat. For the comparison of comfort, manual work and space
requirements are evaluated. The individual heating technologies investigated are;
oil boilers, NG boilers, biomass boilers and HPs. Evaluation and comparison of
each technology of individual heating will be made considering the price of heat,
sustainability and degree of comfort.
Oil boiler
In case of a complete repeal of the consumer obligations, the choice of alternative individual heating is to some extent limited by the energy agreement of 2012.
Accordingly, individual oil boilers are no longer allowed to be installed and old
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oil boilers are no longer allowed to be replaced by new oil boilers. [Danish Government, 2012b] The installation of an oil boiler fuelled by fuel oil would furthermore be a retrograde step in terms of sustainability and in terms of comfort by
means of manual fuelling. The average fuel price of 2018 was 11.22 DKK/litre (1.2
DKK/kWh) of which taxes accounted for 41% [Agency, 2019]. The high fuel price
and legislative framework conclude the fact that oil boilers are not assumed to be
an option for replacing DH.
NG boiler
A widely used fuel in the Danish heating sector and technology for individual heat
supply is NG and NG boilers. In 2017, 15.3% of all Danish households were heated
by individual natural boilers, making it the second most common type of heating
installation [Energistyrelsen, 2018]. For a house to be heated by a NG boiler, it is
first and foremost required that NG is supplied in the area. In 2009 the Ministry
of Climate and Energy urged municipalities to consider converting individual NG
supply for DH Hedegaard [2009]. Thus, areas where NG has previously been

Figure 4.4: Map of Denmark showing consumers supplied by NG. [Grundahl, 2017].
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distributed for heat supply and where the NG grid is maintained gives opportunity
for yet again installing a NG boiler instead of DH. In Figure 4.4 the consumers from
the heat atlas assigned with NG as heat supply is marked. From this figure, it can
be seen that NG is distributed widely across the country.
NG boilers of today’s standard have proven to have efficiencies of up to 98.7%
[Schweitzer et al., 2015]. The high efficiency and relatively low gross fuel price
at around 7-8 DKK/m3 [Danish Utility Regulator, 2019] in 2018, partly explains
the continual recognition of NG boilers. The other main strength of NG boilers is
the comfort which is more or less comparable to DH, as no manual work for fuel
supply is required. However, NG boilers do take up physical space for the boiler
and due to the risk of a gas leak and potential poisoning, the boiler needs service
and maintenance frequently. It is expected that some consumers will maintain their
supply of DH for this reason alone.
Besides the limited supply to Danish households, NG and NG boilers also fall
short, considering their current degree of sustainability. As NG is considered a
fossil fuel, plans of minimising the use of NG has already been made. These plans
consider expanding biogas production to replace NG to the extent possible and
replacing NG supplied production units with renewable and sustainable alternatives [Danish Ministry of Energy, Utilities and Climate, 2018]. In 2018, the share
of upgraded biogas in the NG supply was 9% [Energinet, 2018]. Hence, it is not
assumed achievable for biogas to completely replace NG within the time frame of
a repeal of the obligation of remaining.
Biomass boiler
Biomass boilers are primarily installed in the outskirts of dense cities where DH
and NG is not distributed. The reason for this is primarily because of the required
space for the boiler and for storing fuel. The solid biomass fuels most commonly
used, are wood logs, wood chips and wood pellets. The type of fuel also complicates the fuel supply as it requires frequently manual work to supply the boiler
with biomass. Supposedly, because of these requirements, in 2017 biomass boilers only made up 11.3% of all heating installations together with HPs and electric
heaters [Energistyrelsen, 2018].
Apart from the inconvenient demand for space and required manual work,
biomass boilers are relatively cheap in production. One of the reasons for this is the
exemption from taxes. Because of this, the price per MWh of heat is the lowest of
all investigated types of individual heating at only 610 DKK/MWh [Energianalyse,
2017]. However, the relatively low efficiency of 90.1% on average [Teknologisk
institut, 2019], increases the actual cost of heat.
The sustainability of solid biomass is a well-debated topic. Generally, the
sustainability of biomass depends on the ratio between foresting and reforesting
[Sørensen et al., 2018]. Hence, the sustainability of biomass is limited by the growth
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of new biomass. Additionally, in Denmark biomass is a limited resource and 43%
of the biomass consumed in Denmark is imported [Sørensen et al., 2018]. By importing biomass the emissions caused by transportation also needs to be overcome
in order to minimise the carbon footprint. From a national economic perspective,
the import of biomass reduces the national balance of payment. Suggestions to put
equal taxes on biomass as to other fuels have been made by Sørensen et al. [2018],
in an attempt to avoid overconsumption of biomass.
Due to the complications regarding practicality and comfort, biomass boilers
are not considered a typical alternative to DH.
HP
From the political agreement of 2018, it is clear that a strategy is made to promote
electricity in the entire energy sector. The agreement also contributed to an electrification of the heating sector by removing the PSO (public service obligation) tax
and lowering the electricity to heat tax. A distinct and defined aim was to increase
the national capacity of HPs. [Danish Ministry of Energy, Utilities and Climate,
2018]
With the lowered taxes, HPs are now more competitive to other individual
technologies and DH. However, an important criterion for the HP to be competitive is the efficiency. Opposite to boilers, the efficiency of a HP is not given by a
percentage of the fuel input, but by a coefficient of performance (COP). The COP
indicates the ratio of heat output per unit of electricity input. Hence a COP of 2
means that e.g. 1 MW of electricity input capacity equals 2 MW of heat output
capacity. Basically, this is achieved by evaporating a refrigerant obtaining energy
from a low-temperature source. Thus, the COP is very dependent on the lowtemperature source in order to gain a high COP. Also, the output temperature is
determining the COP as a high output temperature requires a higher energy input,
hence lowering the COP. From a practical perspective, this means that the higher
indoor temperature, the lower the COP.
For individual heating two types of HPs are governing. These differ by having
either ambient air (air-to-water or air-to-air) or geothermal heat (water-to-water or
water-to-air) as the low-temperature source. To compare DH to the most efficient
type of HP and most comparable type to DH, the water-to-water HP has been chosen for further investigation. The higher efficiency is because the low-temperature
source is geothermal which means that the temperature changes less during the
year. An air-to-water HP is known for being for noisy, making it less comparable
to DH in means of comfort.
The seasonal temperature change of the low-temperature source changes the
energy absorbed from the ambient source of heat and thereby the COP. To account
for this seasonal dependency of the COP, a seasonal coefficient of performance
(SCOP) is specified by the European Union (EU). The SCOP is calculated from
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an average annual ambient temperature profile and indicates the seasonal average
COP of a HP [Danish Energy Agency, 2011]. The Danish Energy Agency (DEA),
has performed test of HPs and provided a list of HPs and corresponding SCOPs
[Danish Energy Agency, 2019]. Of the listed HPs, the SCOP ranges from 3.3 to 4.3,
with an average SCOP of 3.74. With a gross electricity price of 2.2 DKK/kWh, the
price per MWh of heat amounts to 588 DKK/MWhheat .
As for the biomass boiler, the sustainability of HPs depends on the origin of
the fuel. Electricity production in Denmark and neighbouring countries of which
electricity is imported vary from being fossil fuel-based to being almost entirely
renewable [EMD International A/S, 2019]. However, fossil fuel based electricity
production is gradually being replaced with wind turbines, solar thermals and
other renewable energy sources as also outlined in the most recent energy agreement of 2018 [Danish Ministry of Energy, Utilities and Climate, 2018]. In comparison to DH, electricity production is currently being produced at centralised and
decentralised plants which presumably makes the two equally sustainable.
Summary
A summary comprising fundamental variables and costs of the investigated alternatives to DH, are listed in Table 4.2. From an energy efficiency perspective, the
HP is, in particular, the most efficient alternative to DH with a COP of 3.74. The
alternative of the lowest efficiency is the biomass boiler. However, due to the low
fuel price, it is the cheapest alternative investigated regarding the specific price of
heat. The specific price of heat, specified as the variable cost, includes the cost of
fuel and taxes. Fixed costs of individual heating comprise subscription fees and
investment costs and are included in the given price of a standard single-family
house of 130 m2 and annual heat demand of 18.1 MWh.

DH
NG boiler
Biomass
boiler
Oil boiler
HP

Efficiency
[-]

Variable cost
[DKK/MWhheat ]

98.7%

526
(696) 705

Std. house
heating price
[DKK/year]
14,164
12,756

48,000

Price incl.
investment
[DKK/year]
14,164
15,156

90.1%

(610) 677

12,248

80,000

16,248

95.0%
3.74*

(1,200) 1,264
(2,198) 588

22,870
11,132

56,000
149,000

25,670
18,582

Investment
cost [DKK]

Table 4.2: Key values comparing NG boilers, biomass boilers, oil boilers and HPs to the averaged
DH. [Hansen and Gudmundson, 2018] [Danish Energy Agency, 2019] [Schweitzer et al., 2015] *) COP

To account for the investment, that is required in terms of the change for individual heating, investment costs for all investigated individual technologies have
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been gathered. For comparability, investment costs are spread over the expected
lifetime of each technology. All individual alternatives are found to have an expected lifetime of 20 years in accordance with Danish Energy Agency [2018c].
Investment costs are estimates based on estimates from Danish Energy Agency
[2018c] and Hansen and Gudmundson [2018], and do not include any subsidies in
this regard. By spreading the investment with no rate of interest, it is assumed that
investments can be made with no need for a loan.
By comparison, the biomass boiler shows to be the cheapest individual alternative from mere fuel costs. However, by including efficiency, the HP is found to
be the cheapest next after DH. Based on the heat demand for a standard singlefamily house every individual technology investigated, proves to be cheaper than
DH when excluding investment costs. By including investment costs spread across
the expected lifetime, similar to the fixed costs of DH, none of the investigated
individual alternatives are found to be competitive from the specific inputs. As
the oil boiler and biomass boiler do not meet criteria to substitute DH, these are
not further considered. The annual costs of a NG boiler only differ 992 DKK/year
from the costs of DH and the HP differs 4,418 DKK/year. Figure 4.5 shows how
the annual cost of each individual heating alternative varies from increasing heat
demand.
Annual cost of individual heating alternatives from varying heat demand
Annual cost of heat [DKK/year]
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Figure 4.5: Annual individual heating prices of varying heat demand.

Although the NG boiler is the cheapest of the two, its complication in terms
of the distribution of gas requires a far more thorough study. This limits the general opportunities of individual heating alternatives for this study, down to the
HP. As an electrification of the heating sector is also an objective according to the
energy agreement of 2018 [Danish Ministry of Energy, Utilities and Climate, 2018],
the choice of comparing DH to HPs is considered both reasonable and far-sighted.
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Consideration towards the potential consequences of including NG boilers are exemplified in Chapter 5.

4.2.3

Building stock based heat demand

In addition to the fixed and variable fees of DH, the heat demand of the building
stock also affects whether or not DH is competitive to individual heating as the
heat demand is determinative for the total cost of the variable fee of DH. A house
of low heat demand will have a corresponding low variable cost and in the case
that the fixed fee is high, DH might not be able to compete with individual heating.
From prices gathered by Forsyningstilsynet [2019a], the span from the lowest to the
highest price of DH is illustrated in Figure 4.6. Compared to a HP, fixed fees of
DH are found to commonly be lower which is indicated by the point of origin on
the y-axis. This basically makes DH cheaper than a HP. However, by changing the
variable cost, the slope is changed and thus an increasing heat demand may result
in a higher annual cost.
Price span of DH and price of HP with varying heat demand
Annual cost of heat [DKK/year]
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Figure 4.6: Annual cost span of DH and annual cost of a HP from varying heat demand.

Due to the high investment cost of a HP, this breaks with the general perception, that DH as heat supply is too expensive for low energy buildings due to high
fixed fees. As a fact, before the obligation of connection were phased out, a consequence of this was that exceptions from this obligation could be made. Hence,
a newly built house which met the standards of low energy houses at the time of
building approval was allowed to opt out of DH in favour of an individual heating
alternative [Danish Government, 2016].
A low heat demand can generally be achieved by houses acquiring less area to
be heated or houses improve insulation and thus being more energy efficient. The
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further study will investigate the heat demand of each individual household in
each DH grid, considering energy efficiency and heated area. The Danish building
regulation is for every revision updated with a new framework of boundaries for
energy use for heating purposes including domestic hot water use. Since 1961, this
regulation has been updated 11 times up till today where the building regulations
of 2018 (BR18) applies [Danish Transport, Construction and Housing Authority,
2018]. As an example in 2008, according to the BR08, buildings were constructed to
have an estimated annual heat demand of 11.3 MWh. According to the most recent
BR18, buildings are now constructed to have an annual heat demand of only 4.9
MWh. Thus, the heat demand has been regulated to be more than halved during
the past century. Besides regulations of new buildings, buildings built according
to earlier building regulations have gained higher insulation standards and energy
renovations have gained more attention, making it difficult to determine the actual
heat demand based on the year of construction.
Furthermore, while buildings and insulation standards have improved, there is
no restrictions for the actual heat demand of buildings. Hence, through measuring
heat demands of houses, the actual heat demand has shown to be larger than
estimated for buildings of higher insulation standards and lower for buildings of
lower insulation standards [Gram-Hanssen and Rhiger Hansen, 2016]. The higher
heat demand of newly built houses is explained by higher indoor temperatures
than estimated and aberrant behaviour. The lower heat demand of older buildings,
however, is due to later energy renovations.

Building regulation
BR61
BR66
BR72
BR77
BR82
BR85
BR95
BR98
BR08
BR10
BR15
BR18

Year of construction
- 1965
1966 - 1971
1972 - 1976
1977 - 1981
1982 - 1984
1985 - 1994
1995 - 1997
1998 - 2007
2008 - 2009
2010 - 2014
2015 - 2017
2018 - 2019

Heat demand
[kWh/m2 ]
183
153
136
131
125
120
115
105
92
69
39
38

Annual heat demand
[MWh]
23.8
19.9
17.6
17.0
16.3
15.6
15.0
13.6
12.0
9.0
5.1
4.9

Table 4.3: Computed heat demands based on building regulations [Ministry of Transport and Housing, 2018], estimates [Grundahl, 2017] [Andersen et al., 2016] and measures [Hvenegaard et al., 2008].
Annual heat demands corresponds to a house of 130 m2 .
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By comparing estimates of heat demands [Andersen et al., 2016], building regulations [Ministry of Transport and Housing, 2018], measures of heat demands
[Hvenegaard et al., 2008] and estimates for the Danish heat atlas [Grundahl, 2017],
the listed heat demands in Table 4.3 has been computed. These are the average
heat demands of a standard single-family house.
According to statistics by Statistics Denmark and Lubson [2019], most residential area of household was built from the late 1960s and early 1970s up to the early
1990s. As indicated by the standard of heating prices [Forsyningstilsynet, 2019a],
the standard annual heat demand of Danish households is assumed to be 18.1
MWh which is coherent to range between 19.9-15.6 MWh given in Table 4.3.
The heated area of each household in each DH grid is obtained from the Danish building and household register (BBR). Based on the year of construction and
corresponding heat demand of Table 4.3, the heat demand of every single house
can be calculated. By doing this it is assumed that all BBR data are updated and
correct. However, the responsibility of updating BBR data of a house solely belongs to its resident owner. Thus, the registered areas may vary from actual areas,

Figure 4.7: Map of Denmark showing the areas where DH is distributed (red) [Grundahl, 2017].
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but for this study, it is assumed that registered areas correspond to actual heated
areas.
As the BBR data do not clarify to which DH grid a specific building is connected, a geographical representation is needed. Pre-processed data used for the
creation of the Danish heat atlas [Grundahl, 2017] has been obtained for this reason. Through the Geographical Information System (GIS) tool, ArcGIS, consumers
within each DH grid are located. A map outlining all Danish DH grids is given in
Figure 4.7.

4.2.4

Consumer affiliation to DH

An important determinant to the act of consumers changing from DH to individual heating is the consumers’ awareness towards the heating market. Hence, the
consumers’ affiliation to DH. In 2017, Ea Energianalyse et al. [2017] investigated
the competitive conditions within the DH sector, concluding that two main groups
of consumers were found in the DH sector. One being inattentive and unaware of
the price of heating and the other being extraordinary aware. However, the former approach to heating prices was found to be the far most widespread among
consumers.
This is supported by the consumer affiliation index, annually investigated by
the Danish competition and consumer authority [Danish Competition and Consumer Authority, 2017]. If assuming that the heating sector is comparable to the
other utility sectors and services such as the water-, electricity- and gas supply,
DH is considered to be one of the least transparent markets. A less transparent
market is an expression of a market of which comparison to alternatives seems
complex which reduces incentives for change. The consumers’ trust and fulfilment
of expectations are furthermore among the highest regarding utility markets, insinuating that consumers are happily ignorant to the market. All these studies need
to be put in relation to the market conditions which currently maintain consumers
through the obligation of remaining. Possibly due to this, the general impression
among consumers towards the utility markets is that the price of heating is given
very little awareness if any at all. Besides the awareness of the heating market,
some consumers actively chose DH over individual alternatives. Reasons for this
could be visuals, as DH only requires a heat exchanger or small heat storage of
household installation. Also, the comfort of DH could be a factor, as no particular
maintenance at the consumer site is required.
To include the consumers’ awareness of the heating market, consumers are
assumed to change in favour of a HP, based on the difference in price between
the two. This means that a marginal price difference will determine if a consumer
will change from DH to a HP or not. The marginal price difference varies with
demand, assuming that consumers of lower and higher annual costs of heat are
not willing to pay the same. It is thus assumed that consumers are either willing to
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pay extra or unaware of the price until it reaches 20% additionally before changing
for a HP. For the average heating price, this equals a marginal price difference of
2,833 DKK/year.
As this is a very complex measure that would rely on a comprehensive consumer survey to be fully covered, variations in the marginal price difference are
investigated as part of the sensitivity analysis in section 5.3.

4.2.5

Terms and conditions for consumer withdrawals

Each individual DH plant has its own terms and conditions for the supply of heat.
These terms state the obligations that the DH plants have in regards to its consumer
and vice versa. A template for guidance to these terms and conditions has been
provided by the Danish DH Association and the Danish Utility Regulator, but not
all DH plants have applied these. From the current legislation, it would seem
unnecessary for a DH plant to have terms stated for consumers resigning from the
DH grid as the obligation of remaining prevents this from happening. As a result,
some DH plants do not have terms specified for such cases. If the aforementioned
terms from the Danish DH Association are applied for a given DH plant, the plant
has the authority to charge debt according to investments made until 2 years from
the date of resigning along with expenses related to the administrative and physical
disconnection. [Danish Utility Regulator, 2009] As the aim of the study is not to
investigate consequences on a case-specific level these have been neglected for the
further analysis. Also, for these specific costs to be included for each consumer
estimated to leave the DH grid, an in-depth review of expenses for each individual
DH plants is required. Furthermore, it is not known how many DH plant have
adopted these exact general terms provided by the Danish DH Association. Also,
this exact situation has not occurred yet, so it is unknown if the terms accepted in
a given case. This decision is imposed on the Danish Utility Regulator. [Danish
Utility Regulator, 2009]
When adding these extra expenses of resigning from the DH grid to the costs
of individual heating, it is assumed economically infeasible to resign from the DH.
Hence, the consumers are tied to the DH and it is rather likely that consumers will
continue to pay the fixed costs of DH in addition to the costs of individual heating.
The primary aim of this study is to investigate the consequences of consumers
leaving the DH grid with no consideration towards extra expenses from the general
terms of supply. However, the consequences of consumers being tied to the DH and
forced to maintain payments of the fixed costs of DH are evaluated in section 4.3.3.
In this event, it is assumed that the consumers belong to the group of consumers
that are very aware of the price of heat and thus the marginal price difference is
neglected in this case.

32

Analysis

4.3

Danish DH plants in competition with individual HPs

From the preliminary analysis, all inputs for calculating the potential decrease in
consumers for each DH grid are defined. The calculation can be divided into four
steps.

4.3.1

Calculation of consumer losses

The first step is estimating the current price of DH for every single building (CB,DH )
in each single DH grid. This can be estimated from knowing the fixed and variable
fees denoted Csubscription , Ccapacity and Cconsumption , the general heat demand based
on the year of construction (Q B (YB )) and the heated area of the building (A B ).
The fixed and variable fees are specific to each grid and are obtained from each
individual DH company. The fixed capacity fee is like the heat demand, depend
on the heated area of the building. From the BBR data processed through the heat
atlas and GIS, areas of buildings listed as heated can be obtained. Hence the price
of heat by DH can be estimated from equation 4.1.
CB,DH = Csubscription + Ccapacity · A B + Cconsumption · Q B (YB ) · A B

(4.1)

The second step is calculating the price of heating from an individual HP. To
determine how the price of DH compares to the price of heat from an individual
HP, this price of heat also needs to be calculated for every single building in each
single DH grid. The price of heat is determined from the same heat demand as for
DH, the investment cost (Ci ) spread across its expected lifetime (Yi ), the price of
electricity (Ce ) and the COP. The price of electricity is dependent on the tax levels
and the hourly spot price. The electricity price used in the calculations is based on
the average spot price of 2018 and taxes levels of 2019. The reason for this is that the
price of electricity can be seasonal dependent due to renewable production from
wind turbines and photovoltaics etc. The price of electricity thus amounts to 2,198
DKK/kWh [Forsyningstilsynet, 2018] [Forsyningstilsynet, 2019b]. The equation for
calculating the price of heat from a HP is given in equation 4.2.

CB,HP =

Q B (YB ) · A B
C
· Ce + i
COP
Yi

(4.2)

Assuming that the general terms of supply apply and it is not economically
feasible to withdraw from the DH grid, the fixed costs of DH needs to be added to
the price of heat from a HP as stated in equation 4.3.

CB,HP =

C
Q B (YB ) · A B
· Ce + i + Csubscription + Ccapacity · A B
COP
Yi

(4.3)
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Knowing the two competitive prices of heat leads to the third step in the calculation which is determining if a consumer is likely to change for a HP. As earlier
stated, the difference in price determines whether a consumer wants to remain
connected to the DH or change heat supply in favour of a HP. The change of heat
supply is not considered to take place unless the difference in price exceeds the
marginal price difference (∆CB ) of 20%.
∆CB =

CB,DH − CB,HP
CB,HP

(4.4)

The fourth step is calculating how many consumers potentially change the supply of heat in each DH grid. From this step, an iterative calculation is required.
This is because the number of consumers who choose to change for a HP, induces
higher fixed fees to the remaining consumers of DH. The increased price of DH
Calculation

Input
BBR building data
Calculate consumer price

BR based heat demand
Variable and fixed price of DH

Compare price of DH to
individual heating

COP
Price of electricity

Adjust for decrease in
number of consumers
and fixed price of DH

No

Calculate decrease in
consumers

Marginal price difference

Convergence

Convergence criteria

Yes
Result
Consumer decrease

Figure 4.8: Flow chart describing the iterative calculation of consumer loss.
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then again needs to be compared to the alternative of a HP in a new iteration.
Iterations proceed for as long as the change in the price of DH induces a loss of
consumers. To avoid minimal and impractical continuous loss of consumers a convergence criterion is set for the iterative change of the DH price. This criterion is
set as 50 DKK/year, meaning that if the annual change in the price of DH changes
less than 50 DKK/year between iterations, the iterative calculation is considered to
converge. A flow chart of the iterative process and associated inputs can be seen
in Figure 4.8.

4.3.2

Spread of cases

Generally, the DH grids of most concern are the ones with the highest prices of
heating. However, to investigate at what price DH plants are being affected, several
DH plants in a given price range need to be investigated. The annual costs for
a HP, estimated in section 4.2.2, indicates that affection might occur around an
annual cost of 18,000-19,000 DKK/year for DH. However, this cannot solely be
based on the average cost of a standard single-family house as not all buildings are
so. Hence, a wider range of DH plants needs to be investigated. Also, as indicated
by Figure 4.3, the fixed and variable fees differ from each plant which affects the
price for a given building. Thus, several DH grids covering a wider range of the
price spectre needs to be investigated.
For the study, 39 plants have thus been selected, ensuring variance in price levels and numbers of consumers. A complete list of the 39 plants investigated can be
found in Appendix A. In continuation of the price statistics made by Forsyningstilsynet [2019a], the investigated plants spread as illustrated in Figure 4.9.
Distribution of consumer prices and investigated DH plants and grids
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0

Figure 4.9: Distribution of consumer prices for each Danish DH plant, where the investigated DH
plants marked are marked.
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Of the investigated DH plants, 22 are categorised as decentralised DH plants
and 17 as only heat-producing DH plants. Hence, the distribution of DH plants
based on the type is more or less even and the slight majority of decentralised DH
plants are not assumed to have a considerable impact on the outcome of the study.

4.3.3

Resulting consumer losses

Calculations based on the listed inputs show that there is a general tendency between the average price of heat and the estimated decrease in consumers. In Appendix B, a review can be found, exemplifying how consumer losses are calculated.
Table 4.4 shows intervals of DH prices and corresponding estimated average consumer losses. The averaged consumer loss means that within this range some
plants will have higher and some will have lower consumer losses. The span of
which consumer losses were estimated for the given price intervals is illustrated in
Figure 4.10.
From the table, it can be seen that significant consumer losses take place from
consumer prices exceeding 20,000 DKK/year. In total, there are 14 plants of which
the heating price exceeds 20,000 DKK/year and out of those, 9 have been investigated. Four of the investigated plants are estimated to lose all of its consumers, as
the price of heat cannot compete with the individual alternative of a HP. By applying results of these four plants to the full list of DH plants, it is estimated that
all plants with a price of heating above 22,500 DKK/year and thus being six plants
are estimated to lose all consumers. The remaining eight DH plants of prices between 20,000 and 22,500 DKK/year are estimated to on average encounter partial
consumer losses which do not lead to a complete consumer loss.
DH grids with a price below 15,000 DKK/year shows to be notably cheaper
than an individual HP across all types of buildings as no decrease in consumers
are estimated. Also for the DH grids with a price between 15,000 and 20,000, an
Consumer price
[DKK/year]
25,000 22,500 - 24,999
20,000 - 22,499
17,500 - 19,999
15,000 - 17,499
12,500 - 14,999
10,000 - 12,499
- 10,000

Avg. consumer loss
100%
61%
41%
2%
1%
0%
0%
0%

Investigated plants/
total number of plants
1/1
2/5
6/8
10/33
9/94
7/137
3/86
1/29

Table 4.4: Average consumers loss for price intervals along with degree of coverage in each interval.
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Estimated average consumer losses and span in measures
-100%

Consumer loss

-80%
-60%

Max
-40%

Average
Min

-20%
0%

25,000 -

22,500 25,000

20,000 22,500

17,500 20,000

15,000 17,500

12,5000 15,000

10,000 12,500

- 10,000

Annual DH price [DKK/year]
Figure 4.10: Estimated consumer losses with maximum and minimum measures in the given price
intervals.

average decrease of only 1-2% is calculated based on the total of 19 DH plants investigated within this price range. Decreases in consumers are primarily calculated
from heating prices exceeding 20,000 DKK/year, where an average decrease of 41%
is calculated. The sudden increase from almost no consumer loss in the price range
of 15,000-20,000 DKK/year to 41% in the range of 20,000-22,500 DKK/year and 61%
in the range of 22,500-25,000, is due to the DH price exceeding the average competitive price of 18,582 DKK/year for heating a standard single-family house by a
HP.
Even though there is an overall correlation between the price of heat and the
decrease in consumers, plants with a high consumer price might also be less influenced as can be seen from Figure 4.10. This is e.g. the case for plants with high
variable costs and low fixed costs. As an example, Lørslev Fjernvarmeforsyning
Amba is the third most expensive DH grid, but the estimated decrease in consumers is only 23%, whereas all other four of the five most expensive DH plants
investigated, has an estimated decrease in consumers of 100%. These plants are
Øland Kraftvarmeværk Amba, Rise Fjernvarme Amba, Svebølle-Viskinge Fjernvarmeselskab Amba and SSF Energiselskab. Common to all of these plants, is that
fixed costs amount to more than 7,000 and 8,000 DKK/year for a 130 m2 house,
whereas the average plant has fixed costs at around 4,000-5,000 DKK/year. Reasons for Lørslev Fjernvarmeforsyning Amba being less influenced by consumer
losses are both the composition of fixed costs and building areas, as described in
Appendix B.
If considering that all DH plants make use of the general terms of supply mentioned in section 4.2.5, the fixed costs of DH are added to the total cost of individual
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heating and the marginal price difference is neglected. By doing this, it is found
that consumer losses generally decrease from the initial result of Table 4.4 to the result of Table 4.5. The minor increase in consumer losses for DH plants with prices
below 20,000 DKK/year is due to the neglecting of the marginal price difference,
which means that consumers will change as soon as the HP is cheaper than DH.
Consumer price
[DKK/year]
25,000 22,500 - 24,999
20,000 - 22,499
17,500 - 19,999
15,000 - 17,499
12,500 - 14,999
10,000 - 12,499
- 10,000

Avg. consumer loss
100%
56%
26%
5%
3%
0%
0%
0%

Table 4.5: Average consumer losses from consumers paying both individual costs and fixed costs of
DH.

If accounting for the general terms of supply and assuming that a withdraw
from DH is economically infeasible, the number of DH plants estimated to encounter a complete consumer loss is still assumed to be approximately six plants.
However, DH plants of prices between 20,000 and 22,500 DKK/year are found to
be significantly less affected and the average consumer loss is found to be reduced
by 15%.

4.3.4

Decisive parameters

From comparing results, the main reasons for large consumer losses are found to
be:
• New building stock (low heat demand) and high fixed costs (can be aggravated by large building areas)
• Low number of consumers in particularly for plants with high fixed fees
• Old building stock (large heat demand) and high variable fees
A plant that has a heating price just over 20,000 DKK/year is Odsherred Varme
A/S. With a heating price of 20,361 DKK/year and a fixed fee of only 4,750
DKK/year for a 130 m2 house, no significant consumer loss is to be expected.
However, the loss of consumers is estimated to be 18%. For the case of Odsherred
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Varme A/S, it is a combination of a low number of consumers, a high variable
fee and old building stock, that results in the high loss of consumers relative to
the annual cost of DH. The low number of consumers causes a correspondingly
high increase in fixed fees per consumer. The high variable fee and old building
stock increases the overall cost of DH and thereby decreasing the competitiveness
towards individual heating.
The reason that new building stock can cause an increase in consumer losses
is as previously mentioned, due to the low heat demand and potentially high
fixed costs of DH compared to the fixed costs of individual heating. As new
building stock is primarily located near large cities, a hypothesis would be that
consumer losses are higher near such cities. However, from the investigated DH
plants mapped in Figure 4.11, no distinct relation between geographic placement
and consumer loss seems to be evident. This is backed up by Energitilsynet [2012],
which concludes that only the small plants of only heat production in the outskirts
of Denmark are generally characterised by higher heating prices. However, this
is rather due to a low number of consumers spread across a large populated area
which increases fixed costs for investments and maintenance and variable costs

Figure 4.11: Map of investigated DH plants with gradient indicating the calculated consumer loss.
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due to grid losses [Energitilsynet, 2012].
All four investigated DH plant which are estimated to lose all consumers, are all
small DH plants of 124-524 consumers, located fairly distant from larger cities. Two
of the DH plants are only heat-producing plants which may be comprised by the
aforementioned generalisation, of DH plants in the outskirts generally being more
expensive. However, the other two are decentralised DH plants. An explanation to
this could be that CHP production from these plants is outcompeted by renewable
electricity production from wind power etc. Hence the high variable fees of these
two DH plants.
With only 14 out of 393 plants estimated to encounter a partial or complete
consumer loss, the repeal of the obligation of remaining does not appear to be
decisive to the prevail of the DH. However, the consequences for a DH grid losing
its consumers needs to be evaluated before such a conclusion can be made.

4.4

Consequences of consumer losses

Consumer losses of any degree will inevitably have economic consequences for a
given DH plant. The degree at which a plant is affected depends on the specific
consumer loss and economic situation of the plant.
Throughout this study, consumer losses are given as a percentage of the total
number of consumers. By doing this, the DH plants are evaluated on equal terms
regardless of how many consumers each grid contains. It is assumed that every
DH plant can withstand losing a certain percentage of its consumers and that at a
certain point the number of consumers will be too low for the DH grid to actually
be economically justifiable.
From a theoretical and impractical point of view, a complete consumer loss
and resulting bankruptcy will not occur until a consumer loss of 100% is reached.
However, at a certain point, production units might not be capable of producing
heat at a sufficient efficiency which this study does not account for. Furthermore,
grid losses might be unreasonable high and maintenance of a large DH grid may
not be economically feasible in regards to the number of remaining consumers.
For DH plants with a relatively high price of heat and few consumers, it is found
that consumer losses increase exponentially with consumers leaving. Hence, it is
impractical that a such DH plant is found to avoid bankruptcy with only very few
consumers left. From the analysis, it is found that for most DH plants a consumer
loss of up to approximately 60% is plausible based on the number of remaining
consumers and resulting price. Consumer losses above 75% are rarely estimated, as
such a loss would in most cases result in a complete consumer loss. This indicates
a point in consumer loss at which bankruptcy is expected to occur.
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High heating
price/costs

Limited
ressources

Removal of the
obligation of remaining

Consumer loss

Increased fixed
costs

Figure 4.12: Vicious circle of consequences from high costs of heat and resulting consumer losses.

A DH plant which has already build up high fixed costs will have less opportunity to make new investments for lowering the variable cost of heating as it will
further increase the fixed costs. Hence, they may be caught in a vicious circle, unable to lower costs and eventually unable to pay their debt. This is illustrated in
Figure 4.12. In case a DH plant goes bankrupt, the municipality is according to §6.4
of the HSA, obliged to take over the DH company independent from the current
ownership [Danish Government, 2019] [Danish Ministry of Energy and Climate].
The municipality then takes over any given debt depending on the specific lender.
Many loans made within the DH sector are municipal loans made through Kommunekredit. The municipal loans ensure that loans can be made by even small
DH plants of which private lenders would potentially reject. Furthermore, the
municipal loans ensure a low discount rate and a municipal guarantee. [Danish
Ministry of Energy and Climate]
Based on this analysis, approximately six Danish DH plants are estimated to
encounter a complete consumer loss and at least eight DH plants are estimated
to encounter partial consumer losses in the range of 2-60%. In 2016, municipal
loans amounted to almost 22 bn DKK equivalent to an average debt of 54 m DKK
per DH plant. There is presumably a correlation between the size of DH plants
and the amount that they make up of this debt. However, the considerable total
debt indicates the debt that needs to be covered in the event that DH plants go
bankrupt. In contrast, the consumer economic gain from consumers saving money
on heat can be calculated from the price difference of each consumer. This gain is
calculated to be 1.5, 1.1, 2.3 and 2.6 m DKK/year in total for the four DH plants
investigated to lose all of its consumers. Hence, the debt is presumably larger than
the consumer economic gain.
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According to §3 of the Project Declaration, the closure of a DH plant also needs
to meet certain criteria. One of the governing criteria from the Project Declaration
is the requirement of initiating the project of most socioeconomic benefit. [Danish
Government, 2018b] By excluding taxes and subsidies from costs and gains related
to the project, the socioeconomic benefit or loss can be calculated. [Danish Energy
agency, 2018] As this is not specified during this study, a thorough socioeconomic
evaluation cannot be carried out. However, the considerable debt and material
value in DH plants compared to the consumer savings on heat indicates that the
closure may likely result in a socioeconomic loss and depend on an exemption
from the Project Declaration.

4.5

Possible solutions

In order to provide solutions on how to comply with the possible complete repeal
of the consumer obligations, it is investigated how the links between consequences
in Figure 4.12 can be broken. This is illustrated in Figure 4.13.
Breaking the first link involves methods of evading consumer losses. This can
be accomplished by either legally forcing consumers to stay connected as it is done
today, or by lowering costs of heat. By maintaining the currently employed obligation of remaining socioeconomic losses may be introduced. Furthermore, the
liberal market conditions requested, will not be introduced. If maintaining the obligation of remaining other market regulations such as the currently implemented
Removal of the
obligation of remaining

Implement incentives for
decreasing the price of
heat

High heating
price/costs
Stop consumer losses

Limited
ressources

Stop increased cost per
consumers from affecting
the business economy

Consumer loss

Increased costs
per consumer

Stop consumer losses from
affecting the price for the
remaining consumers

Figure 4.13: Solutions based on the vicious circle of consequences from high costs of heat and
resulting consumer losses.

42

Analysis

benchmarking can be used to undue the motive for changing for individual heating. Lowering the costs of DH for a given consumer also reduces incentives for
changing for individual heating. As has been shown through this analysis, in
cases where the variable cost of DH is higher than the variable cost of individual heating, it can benefit the competitiveness of DH to lower the heat demand of
buildings. However, this only applies if the fixed costs of DH are lower than the
fixed costs of individual heating. In such case, an additional subsidy for energy
renovations may benefit economically both for the DH plant and the consumers.
Effects and circumstances where this applies are however estimated to be minimal
and in some cases, it may even have a negative effect towards DH and consumer
losses. To not directly affect the DH plant, subsidies should be governmental.
After identifying consumer losses, the aim should be to not make these affect
the remaining consumer of the DH grid. The simplest way to accomplish this is by
ensuring economic coverage of debt upon withdrawing from the DH grid. Legally
this can be achieved by stating it in the terms of supply. Hence, the general terms
of supply should be applied.
If the debt of consumers leaving the DH grid is not covered, a higher price of
heat is first of all induced. Secondly, the larger debt per consumer will complicate and even hinder new investments and loans for a DH plant. To overcome
this, economic support of various kinds can be granted. These economic supports
comprises production grants, investment grants to lower the variable cost while
the current debt is paid back. This is however not recommended as it is only a
temporary solution. Lastly, there is the possibility that the plant can apply for
governmental debt relief. As for all kinds of economic support, this should be
compared to the economic consequences of declaring a DH plant bankrupt.
The last and most crucial consequence to avoid is the currently high heating
prices compared to individual heating. To avoid such high heating prices in the
first place, the market should naturally force prices down. As the market of DH
is rather closed due to the obligation of remaining, other market regulations are
needed. As previously mentioned, benchmarking is one of these. However, as this
study indicates, it does not consider all DH plants to the degree necessary. Another solution that has previously been implemented to a certain degree is easing
of the legislation. This solution is specifically aimed at providing opportunities
for DH plants to produce heat from cheaper fuel or technology. By easing the
HSA it is possible to evade the fuel- and CHP commitment enabling cheaper heat
production. Especially for small decentralised DH plants with expensive NG engines and expensive secondary production, an ease of the legislation could help by
e.g. allowing installation of biomass capacity. Production costs of various types of
production units are discussed in section 5.2 where also effects from lowering the
variable cost of DH is evaluated. As only a few DH plants are found to be affected
by a repeal of the obligation of remaining, the change in production is not assumed
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to affect the security of supply. A practical example of how this does not affect the
security of supply is the considerable decrease in full load hours of CHP in the DH
sector [Boes, 2018]. This solution is assumed to be the most suitable as it provides
the potential of decreasing the price of heating which causes the problems in the
first place. Furthermore, it follows the aim of liberalising the heating sector.
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5 | Discussion
This chapter focuses on discussing general assumptions and clarifying uncertainties regarding the inputs of variables used throughout the study. Effects of practical and theoretical changes to these variables are investigated through a sensitivity
analysis, which furthermore serves to investigate solutions to the complications of
removing the consumer obligations. As several variables are used throughout the
analysis, only certain variables are chosen to be investigated through the sensitivity
analysis. The sensitivity analysis is conducted to investigate variables considering
individual heating, DH and consumers separately. Lastly, delimitations made during the study are clarified and discussed.

5.1

The price of individual heating

The variable costs of individual heating are solely dependent on fuel prices (including taxes) and efficiency. Hence, conducting a sensitivity analysis on one of these
parameters also indicates effects of doing it on another technology of individual
heating.
Specifically for the HP, the price of electricity varies and can change the outcome by either lowering or increasing the variable cost of individual heating.
Changes in the price of electricity can be caused by changes in both taxes and
the net cost of electricity. Disregarding changes taxes, the net electricity cost is
represented by the spot price. According to Forsyningstilsynet [2019b], in 2019 the
spot price of electricity represented 21% of the total cost of electricity while the
rest included taxes, VAT etc. In the case that the obligation of remaining is postponed several years into the future, the spot price of electricity may have increased
steadily according to several projections. However, these projections have earlier
showed to be incorrect. In Figure 5.1 the actual spot prices over the years are given
along with various projections. From varying the spot price in accordance to earlier spot prices and future projected price levels, the resulting price of heating is
found to be between 17,000-20,000 DKK/year.
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Actual and projected spot prices
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ENS 10 Forudsætninger for samfundsøkonomiske analyser på energiområdet

ENS 11 Danmarks energifremskrivning

ENS 12 Danmarks energifremskrivning

ENS 15 Danmarks Energi- og klimafremskrivning

ENS 16 Forudsætninger for samfundsøkonomiske analyser på energiområdet

ENS 17 Samfundsøkonomiske beregningsforudsætninger for energipriser og emissioner

ENS 17 Basisfremskrivning

ENS 18 Samfundsøkonomiske beregningsforudsætninger for energipriser og emissioner

ENS 18 Basisfremskrivning

Actual spot price

Figure 5.1: Actual spot price development (dashed red) and projected spot prices. [Danish Energy
Agency, 2016] [Danish Energy Agency, 2010] [Danish Energy Agency, 2012] [Danish Energy Agency,
2015] [Danish Energy Agency, 2018a] [Danish Energy Agency, 2017a] [Danish Energy Agency, 2017b]
[Danish Energy Agency, 2018b]

As spot prices only account for 21% of the gross fuel cost, minor changes do not
affect the result much. A more effective way of investigating changes in variable
costs is through efficiency as it directly changes the variable cost by a given factor.
For the HP, changes in efficiency mean varying the COP. Table 5.1 shows how
changes in COP and thus changes in variable costs of individual heat is affecting
the result. Annual costs of heat are given for a standard single-family house of
130 m2 . Changes in COP is investigated in the span of 2-5.5. According to the list
of tested HPs made by Danish Energy Agency [2019], the SCOP is in the range
of 3.6 and 5.2. However, if operated otherwise than the conditions stated for the
standard of calculating the SCOP [Danish Energy Agency, 2011], the actual SCOP
would differ from this range.
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2

CB,HP
[DKK/year]
27,342

2.5

23,364

3

20,711

3.74 (reference)

18,087

4.5

16,291

5

15,407

5.5

14,683

COP

CB,DH
[DKK/year]
25,00020,000-24,999
15,000-19,999
10,000-14,999
-9,999
25,00020,000-24,999
15,000-19,999
10,000-14,999
-9,999
25,00020,000-24,999
15,000-19,999
10,000-14,999
-9,999
25,00020,000-24,999
15,000-19,999
10,000-14,999
-9,999
25,00020,000-24,999
15,000-19,999
10,000-14,999
-9,999
25,00020,000-24,999
15,000-19,999
10,000-14,999
-9,999
25,00020,000-24,999
15,000-19,999
10,000-14,999
-9,999

Average
consumer loss
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
100%
1%
0%
0%
0%
100%
45%
1%
0%
0%
100%
64%
23%
0%
0%
100%
67%
32%
1%
0%
100%
72%
50%
2%
0%

Table 5.1: Average estimated consumer losses from various prices of individual heating.

Based on the projected spot prices in Figure 5.1, a higher variable cost of individual heating is to be expected. From the table, it can be seen that a corresponding
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lower COP, is generally resulting in DH being the cheapest type of heating installation. Even for DH plants with prices exceeding 20,000 DKK/year, consumer losses
are minimal of only 1% on average. The only exception is Øland Kraftvarmeværk
Amba, being the only DH plant with a price above 25,000 DKK/year. For this
specific DH plant, an individual heating price of less than 23,000 DKK/year will
result in a condition at which the DH plant can no longer compete with individual
heating and will thus cause a complete consumer loss.
From investigating lower variable costs in terms of a higher COP, specific concern is aimed at DH plants in the range between 15,000 and 20,000 as they make up
32.1% of all DH plants. The average consumer loss is for this range increased from
1% with a COP of 3.74 to 50% with a COP of 5.5. Also, the 126 DH plants within
this range are estimated to lose 23% on average if the COP is increased to 4.5 or the
variable cost is increased by 1,796 DKK/year. As this is an average across a range
in price, the most expensive DH plants is assumed to be most affected whereas the
cheapest within the range is assumed to be less affected.
Conclusively, an increase in variable costs of the HP is not estimated to affect the
Danish DH plants, but an increase in variable costs can be decisive to the DH plants
with a heating price above 15,000 DKK/year which makes up more than one-third
of all Danish DH plants. However, based on the current and projected spot price
development, such substantial increases seems unreasonable. Furthermore, the
conditions or technological development of HPs for a higher SCOP than 4-4.5 is
assumed impracticable for average household HPs at the moment.
A central question to individual heating is how the opportunity of installing
a different heating installation than a HP would change the result. As previously
mentioned, NG boilers showed to be a cheaper alternative than a HP. Certain consumers may also be applicable to biomass boilers which for annual heat demands
above 5 MWh/year showed to be even cheaper. Table 5.2 shows how average
consumer losses spread across alternatives to DH if all consumers change for the

25,000 22,500 - 24,999
20,000 - 22,499
17,500 - 19,999
15,000 - 17,499
12,500 - 14,999
10,000 - 12,499
- 10,000

HP
-100%
-61%
-41%
-2%
-1%
0%
0%
0%

NG boiler
-100%
-70%
-64%
-31%
0%
0%
0%
0%

Biomass boiler
-100%
-62%
-1%
-0%
-0%
-0%
-0%
0%

Oil boiler
0%
0%
0%
0%
0%
0%
0%
0%

Table 5.2: Consumer losses from different individual alternatives assuming all consumer change for
the respective individual alternative.
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respective individual alternative. From this investigation, both changes in fixed
costs and variable costs are included. The variable costs of the HP and NG boiler
are similar, only differing 80 DKK/MWh. Thus, the difference between the two is
primarily caused by different fixed costs i.e. investment costs.
The lower investment costs of a NG boiler results in a generally higher consumer loss. However, DH plants with heating prices of below 17,500 DKK/year
shows not to be affected. It is expected that for the certain areas where NG is still
distributed or can yet again be distributed, the consumer loss should be expected to
increase 20-30% additionally for DH plants of prices above 17,500 DKK/year. From
an environmental point of view, this would most probably have a negative effect
unless the NG supply is converted to biogas. In circumstances where a biomass
boiler is applicable and desired, DH cannot compete. However, this is assumed
only to be the case of very few consumers.
For DH plants with a price of heat between 10,000 and 12,500 DKK/year, the
consumer loss in competition with HPs is 1% whereas it is 0% in competition
with NG boilers. This is feasible as HPs can still be cheaper in the case of high
heat demand. Also for the biomass boiler, consumer losses of DH plants ranging
in annual prices of 17,500-22,499 DKK/year seem inconsistent to the other result.
However, this exemplifies the economic difference between DH plants caused by
the different ratios of fixed and variable costs.
To avoid the repeal of the obligation of remaining from affecting the DH sector
it is from this sensitivity analysis shown that the price of heat should be below
15,000 DKK/year. Even in areas where NG can be distributed, the DH prices
below 15,000 DKK/year shows to outcompete NG boilers.

5.2

The price of DH heating

A solution to reduce prices of DH is to lower production costs. Focus through the
analysis has mainly been on the fixed costs of DH as these are the ones mainly
affected by consumers losses. However, decreasing variable costs can also help
increase the competitiveness of DH towards individual heating alternatives.
The variable costs of DH plants comprise all costs, directly related to the production of heat. Thus, reducing fuel costs, taxes or O&M will result in a lower
variable cost. To noticeably reduce fuel costs and O&M it is in most cases required that the actual production unit is changed or optimised. Most DH plants
are currently bound by the fuel commitment and CHP commitment, limiting them
to produce heat from NG engines. Thus a regulatory change would in most cases
be needed. Also for the taxes to change, a political and regulatory transition needs
to take place.
In 2014 the HSA was revised to help the most expensive DH plants. Thus the 30
most expensive plants of that year and the 30 most expensive plants over the past
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3 years were allowed to evade the fuel commitment and install a biomass boiler
of up to 1 MW capacity [Danish Government, 2019]. Furthermore, from 2019 it
was implemented by law, that DH plants with an annual heat production of less
than 139 GWh/year, are allowed to install biomass capacity in combination with a
HP. Only if installing a HP additionally to the biomass boiler increases the price by
more than 1,500 DKK/year for a standard single-family house, it is allowed to only
install biomass capacity. [Danish Government, 2019] Hence, lowering the variable
cost of a DH plant is currently limited by capacity restrictions or additional large
HP investments which will further increase the fixed costs and thus not necessarily
decrease the total cost.
The average variable cost of all Danish DH plants is 525 DKK/MWh with the
lowest and highest being 141 and 988 DKK/MWh, respectively [Forsyningstilsynet,
2019a]. Because the price of DH depends on both the fixed and variable costs, it
is difficult to determine a certain criterion for the variable cost, in order for the
DH plants to be spared from consumers leaving the DH. However, from previous
investigations, it has been found that in worst case, the repeal of the obligation
of remaining affects the DH plants with a price of more than 15,000 DKK/year.
By comparing the variable cost of DH plants in the range of this total price, a
recommendation would be that the variable cost is kept under 650 DKK/MWh
depending on the fixed costs of the specific plant. By varying the variable cost of
the most expensive DH plants, it is found that a reduction of 15-30% will eliminate
consumer losses hereof. Thus, the aforementioned solution of allowing other production units for the most expensive DH plants should aim at a reduction of up to
30% of the variable cost.
For comparison, variable costs have been estimated for various production
units by including current fuel costs, costs of O&M, taxes, subsidies and efficiency.
From this, a NG boiler is estimated to have a variable cost of approximately 400
DKK/MWh depending on its efficiency, the given price of NG and the specific type
of plant. Regarding a NG fuelled CHP engine, it is further dependent on the spot
price, but for the average spot price, the variable production cost is estimated to
vary from 300-600 DKK/MWh. Depending on whether a biomass boiler is fuelled
by wood pellets or wood chips, it is estimated that the variable cost is 200-300
DKK/MWh. As for the NG fuelled CHP engine, the variable production cost of a
HP is dependent on the spot price, but furthermore heavily dependent on the COP.
From the average SCOP also used for individual HPs, the variable production cost
is estimated to be approximately 350 DKK/MWh.
Additionally to this variable production cost, the respective grid loss needs to
be accounted for. According to the average grid loss referred to in Chapter 1, the
average grid loss is 23%. To account for this, a 23% increase needs to be added
to the variable production cost. From the listed variable production costs, only
the NG engine in low spot price situations are found to have a variable production

50

Discussion
Variable cost
[DKK/MWh]

Variable cost incl. avg.
grid loss [DKK/MWh]

600
300

738
369

400

492

200
300

246
369

350

431

NG engine
- High spot price
- Low spot price
NG boiler
Biomass boiler
- Wood chips
- Wood pellets
HP
- COP 3.74

Table 5.3: Estimated variable costs of DH from various production units.

cost exceeding the recommended variable cost of 650 DKK/year. A list of estimated
variable costs with and without consideration of grid losses is given in Table 5.3.
Currently, there are only few HPs installed in the Danish DH sector which is partly
due to the limited possibilities from the HSA [Energistyrelsen, 2018]. Hence, for
the DH plants of highest variable costs, it is most likely either substantial grid
losses, inefficient boilers, inexpedient operation of plants or the CHP commitment
that prevents the plant from being competitive to individual heating.

5.3

Consumer conditions

On a consumer level, a governing variable that is subject for discussion is the heat
demand of buildings, gathered and estimated from various sources. First of all,
the measure of heated area of buildings and type of heat supply gathered through
the BBR data can be questioned in terms of validity as they rest upon revision
from the individual owner. Furthermore, the year of construction that is used
for estimating the heat demand, can be incorrect in case that energy renovations
have been made. Also for new buildings, the heat demand typically shows to be
higher than estimated due to individual comfort and behaviour. In an attempt to
account for this, measured heat demands have also been used in the estimation of
the heat demand. However, the exact heat demand of each building is required
for the analysis to be accurate. Since this would require a far more detailed and
comprehensive data gathering than is currently available, a such study is left for
future studies.
Based on this known source of error, a sensitivity analysis is made to investigate
what impact variations in heat demand would have in terms of consumers leaving
the DH. As heated areas of buildings are most likely increased in case that the BBR
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data is incorrect, this would cause a larger heat demand. Larger heat demands
can also be caused by e.g. additions to buildings, individual comfort levels and
conversions of non-residential area for residential area. On the other hand, an
energy renovation would cause the heat demand to decrease. This is simply due
to less heat loss from the building. It is assumed that the most likely instances are
older buildings being renovated causing a lower heat demand and new buildings
having an increased heat demand due to comfort related behaviour. According to
Tommerup and Svendsen [2006], the largest potential of energy renovations exists
for buildings built before 1979 as demands regarding energy performance were
yet not implemented before then. Correspondingly, for new buildings, the largest
deviation from the estimated heat demand is found to be for buildings of EU
energy label A [Gram-Hanssen and Rhiger Hansen, 2016]. Buildings meeting the
energy label A are assumed to be built from 2010 and forth. Hence, buildings from
2010 and forth are estimated to have a larger heat demand than estimated.
To implement energy renovations for buildings built before 1979, the 17.0 MWh
(131 kWh/m2 ) heat demand of buildings built between 1977 and 1981 is applied
for all older buildings. An even more ambitious scenario is made where the heat
demand between 1982 and 1984 of 16.3 MWh (125 kWh/m2 ) is applied for all
older buildings. Also, the heat demand for new buildings is altered by increasing
demand by 10% and 20%. The resulting heat demands are given in Table 5.4.
Results from implementing the above-mentioned heat demands show that deviations in consumer losses are minimal of only 1-2%. Due to the high investment
costs of individual heating, the lower heat demand of buildings from before 1979

Year

Reference
 kWh 
m2

-1965
1966-1971
1972-1976
1977-1981
1982-1984
1985-1994
1995-1997
1998-2007
2008-2009
2010-2014
2015-2017
2018-2019

183
153
136
131
125
120
115
105
92
69
39
38

<1977: 17.0 MWh,


>2010: +10% kWh
2
m
131
131
131
131
125
120
115
105
92
76
43
42

<1982: 16.3 MWh,


>2010: +20% kWh
2
m
125
125
125
125
125
120
115
105
92
83
47
46

Table 5.4: Resulting heat demands based on increased heat demand of buildings from before 1979
and lower heat demands of buildings from 2010 and forth.
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decreases consumer losses. The higher heat demand of newly built houses, on the
other hand, increases economic incentives for individual heating. However, newly
built houses only make up 1.5% of the building stock which makes effects minimal.
Another primary reason for the heat demand to have low influence is the marginal
price difference which describes at which point consumers are willing to change
for a HP. The marginal price difference is initially defined as 20% additionally to
the price of DH. Based on the preliminary studies of section 4.2.3, the heat demand needs to change substantially for the difference between DH and individual
heating to be more than 20%.
Investigated separately, decreasing the heat demand of older buildings lowered
consumer losses mostly in DH grids of prices between 20,000-22,500 DKK/year by
2%. Likewise, increasing the heat demand of new buildings increases the average
consumer loss of DH plants in the same price range by 1%.
The marginal price difference differs from the variables concerning technical
specifications and technical uncertainties, due to its human behavioural aspect.
This parameter is key to consumer losses, as it describes the willingness of consumers to change for individual heating. Attention towards DH prices has increased during the past year due to the phase-out of the capacity payment. Notably the medias has often referred to the most expensive DH plants which however
make up a rather small fraction of the Danish DH plants as can be seen from this
study. However, this increased awareness toward prices of DH can have an influence on the marginal price difference set for this study. The effects of an increased
awareness towards prices of DH will be that consumers will change sooner which
corresponds to a lower marginal price difference. The results from varying the
marginal price difference can be found in Table 5.5
Consumer price
[DKK/year]
25,000 22,500 - 24,999
20,000 - 22,499
17,500 - 19,999
15,000 - 17,499
12,500 - 14,999
10,000 - 12,499
- 10,000

∆CB = 20%

∆CB = 15%

∆CB = 10%

∆CB = 5%

Investigated/total

100%
61%
41%
2%
1%
0%
0%
0%

100%
69%
59%
4%
2%
0%
0%
0%

100%
69%
63%
42%
4%
0%
0%
0%

100%
70%
66%
46%
7%
0%
0%
0%

1/1
2/5
6/8
10/33
9/94
7/137
3/86
1/29

Table 5.5: Sensitivity analysis investigating variations in the marginal price difference.

As it can be seen from the table, the majority of Danish DH plants are resistant
to changes in consumer obligations and thus competition towards individual heating. The most concerning result from changing the marginal price difference occurs
for DH plants with prices of 17,500-19,999 DKK/year for a standard single-family
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house. By decreasing the marginal price difference, a sudden increase in average
consumer losses takes place as it approaches the price of a HP. In general, changes
in the marginal price difference are only affecting the aforementioned most expensive DH plants which make up under 7% of all DH plants. Even at a marginal
price difference of 5-10%, only 24 DH plants in total are assumed to be subject to
consumer losses which threaten the economic stability.

5.4

Delimitation

During the study, certain delimitations have been made in order to simplify the
governing question of what impact a complete repeal of the consumer obligations
would have. As the question is very complex due to its influence of several technical and human aspects, delimitations have been necessary for this study. Some of
the most influencing delimitations will be elaborated on here.
The comparison of DH and individual heating is primarily based on the price of
heating. Sustainability was a parameter in selection from individual alternatives,
but is not further investigated. The price of heat does take sustainability into
account as taxes are imposed on CO2 -emitting fuels etc. However, the delimitation
to only investigate consumer economics cannot fully clarify the sustainable effects
from changing from DH to individual heating. In order to do so, emissions of the
respective plants would have to be hold up against individual heating.
Also in accordance to delimitations of not investigating DH plants on a more
definite level, the actual effects of specific consumers leaving the DH grid are not
investigated. As an example, the grid loss per consumer can vary depending on the
specific consumer leaving the grid. Assuming that grid losses are highest closest
to the DH plant due to large pipes of higher heat losses, consumers located closest
to the grid will result in a higher grid loss per consumer. This is exemplified in
Consumer 2
Consumer 1

Figure 5.2: Example of how the grid loss per consumer increases in the event that consumer 1 leaves
the DH grid.
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Figure 5.2, where a loss of consumer 1 would result in a higher grid loss than a
loss of consumer 2.
As a result of this, the variable cost would not decrease linearly with consumers
leaving the grid.
A delimitation throughout this study also concerning consumers is the BBR
data. The BBR data available for this study was gathered in 2016. Thus the study
is delimited from investigating buildings from 2017 and forth. Based on the study
carried out for this report, the vast majority of buildings was built from the 1990s
and back. From this, it is assumed that buildings from the last two years will have
minimal influence on the result.
Lastly, the selection of investigated DH plants may influence the result. The
selection of DH plants is based on the price of heat for a standard single-family
house. Plants are chosen to cover all price ranges with a main field of research
for the plants of highest prices. Coverage in each range of prices has been calculated, but still, results may vary if other plants were chosen. For a more thorough
analysis, calculations need to be made for each single DH plant.
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6 | Conclusion
Based on the preliminary studies, it is found that a ground source HP is the most
comparable type of individual heating to DH and also politically supported for the
future of heat supply. Conclusively, the competitiveness of DH and consequences
of a complete repeal of the consumer obligations is investigated by comparing
DH plants to a ground source HP. The investigation rest on the fact that both DH
and individual heating consists of a fixed and variable cost and that the cheapest
supply of heat varies from building specifications. For the consumers’ affiliation
to DH, it is evaluated that attention towards prices of heating is limited and it is
assumed that a change for individual heating will only occur at an extra cost of
20% compared to individual heating.
From the assumptions and inputs of the preliminary study, it is concluded that
predominately DH plants with a heating price of more than 20,000 DKK/year for
a standard single-family house of 130 m2 are in risk of losing a critical number
of their consumers. A critical point in consumer losses is found to be around
60% as consumer losses are found to escalate from here. The largest and cheapest
DH plants, categorised as the centralised plants, are not assumed to be affected
by a repeal of the obligation of remaining due to their relatively low price, large
number of consumers and dependency in terms of electricity production. Out
of the remaining 384 DH plants, the DH plants of considerable risk, only make
up 14 plants. Of these, 6 plants are estimated to lose all of its consumers and 8
plants are estimated to lose a considerable part of their consumers of minimum
8%. For DH plants with a price of heat below 20,000 DKK/year, it is estimated that
consumer losses only reach 0-2%. The affected DH plants are both decentralised
CHP plants and only heat-producing DH plants. In continuation of the fact that
full load hours of decentralised CHP plants have decreased by approximately two
thirds during the last decade, consequences are not expected to affect the security
of supply in regards to the electricity sector [Boes, 2018]. Also, no correlation
between geographical location of the DH plants and the potential consumer losses
is found.
The total consumer economic gain from consumers changing for a HP of a
lower cost of heat is in the most expensive DH grids calculated to be 1.1-2.6 M
DKK. However, these consumer economic gains are generally assumed to be low
compared to the business economic losses from debt and scrap value of components in the DH plants and DH grids. A closure of a plant is thus expected to result
in a socioeconomic loss of which the magnitude depends on the economy of the
specific DH plant. Solutions to overcome a closure are found to depend on either
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economic support or ease of legislation. An ease of the CHP- and fuel commitment
is found to be the most appropriate and long-term solution for DH plants to regain
competitiveness towards individual heating. This is mainly because economic support is only considered a temporary solution and because an ease of the CHP- and
fuel commitment would be in line with the liberalisation of the DH sector. From
comparing variable costs of different production units for DH, it is assumed that
the variable price of the most expensive DH plants can be brought down to a competitive level depending on the specific grid losses. From decreasing the variable
costs of the most expensive DH plants by 15-30%, it is found that no consumer
losses occur.
From the sensitivity analysis, it is concluded that a decrease in variable costs of
individual heating increases the consumer loss particularly for DH plants within
the price range of 15,000 to 20,000 DKK/year. A corresponding increase in variable costs of individual heating is on the contrary showing a distinct superiority
of DH in terms of competitiveness. Sensitivity analysis furthermore shows that a
re-implementation of individual NG boilers can cause an increased consumer loss
of up to 29% for DH plants with prices of 17,500-20,000 DKK/year and 23% for
DH plants with prices of 20,000-22,500 DKK/year. In regards to the individual
consumers, it is investigated what impact changes in heat demand and changes
in affiliations towards the DH make. It is calculated that an improvement in isolation standards and increased heat demand in new buildings only causes minor changes of 1-2% in the average consumer losses. The consumer loss is, on
the other hand, found to be noticeably depended on the affiliation of consumers
towards DH. A consequence of the recent publicity of DH prices from the recent phase-out of the capacity payment, might be an increased awareness towards
prices and possible change for individual heating at a lesser extra cost. It is investigated that a change for individual heating at an extra cost of 15% and 10%
would cause an increase in consumer losses of 8% for DH plants of heating prices
from 22,500-25,000 DKK/year and 18-22% for DH plants of heating prices from
20,000-22,500DKK/year respectively. From having consumers change for individual heating at an extra cost of 10%, the consumer losses of DH plants with a price
between 17,500-20,000 DKK/year would moreover increase by 40% from the reference. If the terms of heat supply for a DH plant includes it, economic losses can
potentially be minimised in case a consumer leaves the DH grid.
From an environmental perspective consumers are prevented from changing
for fossil fuel based heating technologies. However, a re-implementation of NG
boilers may be a possible in certain areas. This would possibly not increase sustainability in the heat supply depending on the fuel supply of the former connected
DH plant and depending on the progress of increasing the use of biogas. A change
for a HP would likewise depend on the progress of increasing renewable electricity
production from e.g. wind power to be sustainable. This also applies for the DH
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Conclusion

which is politically urged to utilise electricity as fuel for producing heat with HPs.
As a final conclusion, the complete repeal of the consumer obligations does
not appear to have considerable consequences to the DH as only few plants are
affected. To specify the exact business- and socioeconomic consequences, it is required that the economy of each DH plant is further investigated. This further
study should be aimed at investigating the 14 DH plants with a price of heating
exceeding 20,000 DKK/year as these show to be most affected. To avoid potential economic consequences, it is suggested that the CHP- and fuel commitment is
eased or removed for at least these DH plants.

59

Bibliography
Agency, May 2019. Danish Energy Agency. Energistyrelsens prisdatabase, 2019.
URL https://ens.dk/sites/ens.dk/files/Statistik/prisdatabase.xlsx.
Andersen et al., 2016. Nick Bjørn Andersen, Bjarne Andreasen, Leon Buhl,
Christian Drivsholm, Klaus Ellehauge, John Frederiksen, Flemming Hammer,
Per Heiselberg, Flemming Jensen, Olena Kalyanova Larsen, Jesper Møller
Larsen, Mogens Krighaar, Lars Kristensen, Aage Birkkjær Lauritsen, Jan
Nielsen, Otto Paulsen, Henrik Poulsen, Lars Reinholdt, Jørgen Rose, Flemming
Ulbjerg, Niels Winther and Jan de Wit. Varme Ståbi. PRAXIS - Nyt Teknisk
Forlag, 2016. ISBN 978-87-571-2854-3.
Boes, November 2018. Alexander Boye Boes. Fuldlasttimer 2018, 2018. URL
https://www.danskfjernvarme.dk/-/media/danskfjernvarme/gronenergi/
analyser/011118-fuldlasttimer_18.pdf.
Danish Competition and Consumer Authority, March 2017. Danish Competition
and Consumer Authority. Forbrugerforholdsindeks for 42 danske markeder, 2017.
Danish Energy agency, July 2018. Danish Energy agency. Vejledning i
samfundøkonomiske analyser på energiområdet, 2018. URL
https://ens.dk/sites/ens.dk/files/Analyser/vejledning_i_
samfundsoekonomiske_analyser_paa_energiomraadet_-_juni_2018_v1.1.pdf.
Danish Energy Agency, April 2010. Danish Energy Agency. Forudsætninger for
samfundsøkonomiske analyser på energiområdet 2010, 2010. URL
https://ens.dk/sites/ens.dk/files/info/nyheder/nyhedsarkiv/
ny-fremskrivning-udviklingen-energiforbrug-drivhusgasser/
forudsaetninger_for_samfundsoekonomiske_analyser_paa_energiomraade.
pdf.
Danish Energy Agency, October 2012. Danish Energy Agency. Danmarks
energifremskrivning 2012, 2012. URL
https://ens.dk/sites/ens.dk/files/Basisfremskrivning/danmarks_
energifremskrivning_2012_endelig_v1.2.pdf.
Danish Energy Agency, 2015. Danish Energy Agency. Danmarks energi- og
klimafremskrivning, 2015. URL
https://ens.dk/sites/ens.dk/files/energistyrelsen/Nyheder/2015/
danmarks_energi-_og_klimafremskrivning_2015.pdf.
61

Bibliography

Danish Energy Agency, April 2016. Danish Energy Agency. Forudsætninger for
samfundsøkonomiske analyser på energiområdet 2016, 2016. URL
https://ens.dk/sites/ens.dk/files/Analyser/samfundsoekonomiske_
beregningsforudsaetninger_2016_v3.pdf.
Danish Energy Agency, March 2017a. Danish Energy Agency.
Samfundsøkonomikse beregningsforudsætninger for energipriser og emissioner 2017,
2017. URL
https://ens.dk/sites/ens.dk/files/Statistik/samfundsoekonomiske_
beregningsforudsaetninger_2017_-_version_til_hoering.docx.
Danish Energy Agency, March 2017b. Danish Energy Agency. Basisfremskrivning
2017, 2017. URL https://ens.dk/sites/ens.dk/files/Forsyning/bf2017_
hovedpublikation_13_mar_final.pdf.
Danish Energy Agency, April 2018a. Danish Energy Agency. Basisfremskrivning
2018, 2018. URL https:
//ens.dk/sites/ens.dk/files/Analyser/basisfremskrivning_2018.pdf.
Danish Energy Agency, 2018b. Danish Energy Agency. Samfundsøkonomiske
beregningsforudsætninger for energipriser og emissioner 2018, 2018. URL
https://ens.dk/sites/ens.dk/files/Analyser/samfundsoekonomiske_
beregningsforudsaetninger_for_energipriser_og_emissioner_endelig2_
justeret_gastabel_og_tekst.pdf.
Danish Energy Agency, December 2011. Danish Energy Agency. Beregning af
SCOP for varmepumper efter En14825, 2011. URL
https://ens.dk/sites/ens.dk/files/Energikrav/teknisk_rapport_-_
beregning_af_scop_for_varmepumper_efter_en14825.pdf.
Danish Energy Agency, March 2018c. Danish Energy Agency. Technology Data for
Individual Heating, 2018. URL
https://ens.dk/sites/ens.dk/files/Analyser/technology_data_
catalogue_for_individual_heating_installations_-_upd._march_2018.pdf.
Danish Energy Agency, 2019. Danish Energy Agency. Varmepumpelisten, 2019.
URL https://sparenergi.dk/forbruger/vaerktoejer/varmepumpelisten.
Accessed: 22/04/2019.
Danish Government, November 2012a. Danish Government. Lov om CO2-kvoter,
2012. URL https://www.retsinformation.dk/forms/r0710.aspx?id=144102.
Danish Government, June 2016. Danish Government. Bekendtgørelse om tilslutning
m.v. til kollektive varmeforsyningsanlæg, 2016. URL
https://www.retsinformation.dk/Forms/R0710.aspx?id=183381.
62

Bibliography

Danish Government, January 2019. Danish Government. Bekendtgørelse af lov om
varmeforsyning, 2019. URL
https://www.retsinformation.dk/Forms/R0710.aspx?id=206417.
Danish Government, September 2014. Danish Government. Bekendtgørelse af lov
om energiafgift af mineralolieprodukter m.v., 2014. URL
https://www.retsinformation.dk/forms/r0710.aspx?id=163901#Bil1.
Danish Government, April 2018a. Danish Government. Danmark som
foregangsland på energi og klima. Energi-, forsynings- og klimaministeriet, 2018.
ISBN 978-87-93635-35-7.
Danish Government, March 2012b. Danish Government. Aftale om den danske
energipolitik 2012-2020, 2012. URL https://ens.dk/sites/ens.dk/files/
EnergiKlimapolitik/aftale_22-03-2012_final_ren.doc.pdf.
Danish Government, December 2018b. Danish Government. Bekendtgørelse om
godkendelse af projekter for kollektive varmeforsyningsanlæg, 2018. URL
https://www.retsinformation.dk/Forms/R0710.aspx?id=205953.
Danish Ministry of Energy and Climate. Utilities Danish Ministry of Energy and
Climate. Analyse af forsyningssikkerheden i fjernvarmesektoren. URL
https://ens.dk/sites/ens.dk/files/Forsyning/baggrundsanalyse_af_
forsyningssikkerheden_-_fjernvarme.pdf. No year of publishing.
Danish Ministry of Energy, Utilities and Climate, June 2017a. Danish Ministry
of Energy, Utilities and Climate. Økonomisk regulering af fjernvarmesektoren.
Stemmeaftale, 2017. URL https://efkm.dk/media/8409/
aftale-vedr-oekonomisk-regulering-af-fjernvarmesektoren-02-06-17.
pdf.
Danish Ministry of Energy, Utilities and Climate, 2017b. Danish Ministry of
Energy, Utilities and Climate. Bedre rammer for investeringer i fjernvarmesektoren,
2017. URL https://ens.dk/sites/ens.dk/files/Forsyning/investeringer_
i_fjernvarmesektoren.pdf.
Danish Ministry of Energy, Utilities and Climate, June 2018. Danish Ministry of
Energy, Utilities and Climate. Energiaftale af 29. juni 2018.
https://efkm.dk/media/12222/energiaftale2018.pdf, 2018.
Danish Transport, Construction and Housing Authority, June 2018. Danish
Transport, Construction and Housing Authority. BR18, 2018. URL
http://bygningsreglementet.dk/.

63

Bibliography

Danish Utility Regulator, January 2019. Danish Utility Regulator. Månedspris for
husholdninger fra 2009-2018. Spreadsheet, 2019. URL
http://forsyningstilsynet.dk/fileadmin/Filer/0_-_Nyt_site/GAS/
Prisstatistik/2018/2018-12_-Naturgasstatistik_-4._kvt/rev.._
Prisoversigt_til_hjemmeside_4._kvt._2018.xlsx.
Danish Utility Regulator, July 2009. Danish Utility Regulator. Betingelser for
udtrædelse på varmeområdet, 2009. URL
http://forsyningstilsynet.dk/varme/afgoerelser/tilsynsafgoerelser/
2009/betingelser-for-udtraedelse-paa-varmeomraadet-notat/.
Dansk Fjernvarme, October 2018a. Dansk Fjernvarme. Dansk fjernvarmes
årsstatistik 2018. Spreadsheet, 2018.
Dansk Fjernvarme, 2018b. Dansk Fjernvarme. Dansk Fjernvarmes årsstatistik 2018,
2018.
Dansk Fjernvarme, December 2018c. Dansk Fjernvarme. Fjernvarmeprisen 2018,
2018.
Dansk Fjernvarme et al., October 2018. Dansk Fjernvarme, Fjernvarme Fyn,
Fredericia Fjernvarme, Faxe Fjernvarme, Hammershøj Fjernvarme, Hvide
Sande Fjernvarme, Hyllinge-Menstrup Kraftvarmeværker, Lemvig Varmeværk
and Tversted Kraftvarmeværk. Lov om ændring af varmeforsyning og lov om
planlægning. Bilag, 2018. URL https://www.danskfjernvarme.dk/-/media/
danskfjernvarme/nyheder/files/bilag_kommentarer_fra_medlemmer_mv.pdf.
de Vaus, 2001. David A. de Vaus. Research Design in Social Research. SAGE
Publications Ltd, 2001. ISBN 978-0-7619-5346-3. URL
https://www.amazon.com/Research-Design-Social-David-Vaus/dp/
0761953469?SubscriptionId=AKIAIOBINVZYXZQZ2U3A&tag=chimbori05-20&
linkCode=xm2&camp=2025&creative=165953&creativeASIN=0761953469.
Ea Energianalyse et al., December 2017. Ea Energianalyse, Deloitte and konveks.
Konkurrenceanalyse af fjernvarmesektoren, 2017.
EMD International A/S, April 2019. EMD International A/S. energyTRADE,
2019. URL https://www.emd.dk/el/.
Energianalyse, December 2017. Ea Energianalyse. Det danske træpillemarked 2016,
2017. URL https://ens.dk/sites/ens.dk/files/Statistik/det_danske_
traepillemarked_2016.pdf.
Energinet, 2018. Energinet. Sikker forsyning bliver delt forsyning, 2018. URL
https://energinet.dk/-/media/5C145F57AB034304AF86CA45B4296318.pdf.
64

Bibliography

Energistyrelsen, November 2018. Energistyrelsen. Energistatistik 2017, 2018. ISSN
0906-4699. URL
https://ens.dk/sites/ens.dk/files/Statistik/pub2017dk.pdf.
Energitilsynet, 2012. Energitilsynet. Store forskelle i varmeprisen - hvorfor?, 2012.
URL http:
//energitilsynet.dk/fileadmin/Filer/0_-_Nyt_site/VARME/Materiale_
til_varmenyheder/2013-05_-_Varmeprisanalyse/Varmeprisanalyse.pdf.
European Union, 2012. European Union. Energy roadmap 2050. Publications
Office of the European Union, 2012. ISBN 978-92-79-21798-2. URL
https://ec.europa.eu/energy/sites/ener/files/documents/2012_energy_
roadmap_2050_en_0.pdf.
Forsyningstilsynet, March 2019a. Forsyningstilsynet. Prisstatistik pr. januar 2019,
2019. URL http://forsyningstilsynet.dk/fileadmin/Filer/0_-_Nyt_site/
VARME/Fjernvarmestatistik/2019-02/Prisstatistik_januar_2019.pdf.
Forsyningstilsynet, 2018. Forsyningstilsynet. Elprisstatistik 1.-4. kvartal 2018, 2018.
Forsyningstilsynet, April 2019b. Forsyningstilsynet. Elprisstatistik 1. kvartal 2019,
2019.
Fraile and Mbistrova, February 2018. Daniel Fraile and Ariola Mbistrova. Wind
in power 2017, WindEurope, February 2018. URL
https://windeurope.org/wp-content/uploads/files/about-wind/
statistics/WindEurope-Annual-Statistics-2017.pdf.
Gram-Hanssen and Rhiger Hansen, 2016. Kirsten Gram-Hanssen and Anders
Rhiger Hansen. Forskellen mellem målt og beregnet energiforbrug til opvarmning af
parcelhuse. SBi Forlag, 3. edition edition, 2016.
Lars Grundahl. District Heating Potential and a Danish Heat Atlas Based on
Metered Heat Demand Data. phdthesis, Aalborg University, November 2017.
Hansen and Gudmundson, January 2018. Christian Holmstedt Hansen and
Oddgeir Gudmundson. Fjernvarmens konkurrenceforhold overfor individuel
opvarmning, 2018.
Hansen and Gudmundsson, January 2018. Christian Holmstedt Hansen and
Oddgeir Gudmundsson. Fjernvarmens konkurrenceforhold overfor individuel
opvarmning, 2018.
Hedegaard, January 2009. Connie Hedegaard. Konvertering fra individual naturgas
til fjernvarme. Letter, 2009. URL

65

Bibliography

https://ens.dk/sites/ens.dk/files/Varme/varme-regulering/
konvertering_fra_individuel_naturgas_til_fjernvarme.pdf.
Hvenegaard et al., 2008. Claus M. Hvenegaard, Otto Paulsen, Hans Andersen and
Jørn Borup Jensen. Den lille blå om Varme. Dansk Energi, 1. edition edition, 2008.
ISBN 978-87-91326-00-4.
KTC and KER, 2017. KTC and KER. KTC KER input til kommende analyser af
tilslutnings- og forblivelsespligt, 2017. Kommunalteknisk chefforening Faggruppe for klima, energi og ressourcer.
Lilleholt, April 2018. Lars Chr. Lilleholt. Spørgsmål 118. Q&A, 2018. URL
https://www.ft.dk/samling/20171/almdel/efk/spm/118/svar/1484059/
1886097/index.htm.
Lund et al., 2016. Henrik Lund, Poul Alberg Østergaard, David Connolly, Iva
Ridjan, Brian Vad Mathiesen, Frede Hvelplund, Jakob Zinck Thellufsen and
Peter Sorknæs. Energy Storage and Smart Energy Systems. International Journal
of Sustainable Energy Planning and Management, 11, 2016. doi:
https://doi.org/10.5278/ijsepm.2016.11.2.
Lørslev Fjernvarme a.m.b.a., 2018. Lørslev Fjernvarme a.m.b.a. Takstblad 2018/19,
2018. URL http://loerslev.dk/wp-content/uploads/2018/07/
fjernvarme-takstblad-2018-19-L%C3%B8rslev.docx.
Ministry of Transport and Housing, January 2018. Building Ministry of
Transport and Housing. Building regulations, 2018. URL
http://bygningsreglementet.dk/.
Rittel and Webber, June 1973. Horst W. J. Rittel and Melvin M. Webber. Dilemmas
in a general Theory of Planning. Policy Sciences, 4(2), 155–169, 1973. ISSN
1573-0891. doi: https://doi.org/10.1007/BF01405730.
Schweitzer et al., 2015. Jean Schweitzer, Karsten V. Frederiksen and Jan K. Jensen.
Gasfyrede villakedlers virkningsgrad i praksis, 2015. URL
https://www.dgc.dk/sites/default/files/filer/publikationer/A1503_
gaskedler_virkningsgrad.pdf.
Skov and Petersen, 2007. Andreas Skov and Jens Åge S. Petersen. Dansk
Fjernvarme i 50 år 1957-2007. Dansk Fjernvarme, 2007. ISBN 87-91096-22-7.
Statistics Denmark and Lubson, 2019. Statistics Denmark and Paul Lubson.
Bygningsbestandens areal efter arealtype, anvendelse, område, opførelsesår og tid, 2019.
Sørensen et al., may 2018. Peter Birch Sørensen, Jørgen Elmeskov, Pia
Frederiksen, Jette Bredahl Jacobsen, Niels Buus Kristensen, Poul Erik Morthorst
66

Bibliography

and Katherine Richardson. Biomassens betydning for grøn omstilling Klimaperspektiver og anbefalinger til regulering af fast biomasse til energiformål,
Klimarådet, may 2018. URL
https://www.klimaraadet.dk/da/system/files_force/downloads/
klimaraadet_biomassens_rapportno4_digi_01.pdf?download=1.
Teknologisk institut, 2019. Teknologisk institut. Godkendte biobrændselsanlæg Godkendte kedler, 2019. URL
https://www.teknologisk.dk/godkendte-biobraendselsanlaeg/39501,2.
Tommerup and Svendsen, jun 2006. Henrik Tommerup and Svend Svendsen.
Energy savings in Danish residential building stock. Energy and Buildings, 38(6),
618–626, 2006. doi: 10.1016/j.enbuild.2005.08.017.
United Nations, December 2015. United Nations. Paris Agreement, 2015. URL
https://unfccc.int/process/the-paris-agreement/
what-is-the-paris-agreement.

67

A | List of investigated DH grids
A complete list of the 39 investigated DH grids.
DH grid

Price of heat (18,1 MWh, 130 m2 )
[DKK/year] [Forsyningstilsynet, 2019a]

Number of consumers

23,499

149

23,484
23,434
23,386
22,343

124
109
600
522

22,213

333

20,784
20,652
20,643
20,361
19,349
19,127
19,070
18,882
18,694
18,504
18,078
18,016
17,994
17,950
17,838
17,756
17,372
17,060
17,010
16,166
15,687
15,596
15,178
15,068
15,035
14,888
14,073
14,068

1,053
113
741
288
132
103
1,194
127
380
907
321
878
251
200
896
136
2,410
192
858
1,645
2,022
491
170
1,010
3,002
1,410
1,740
480

14,065

180

12,943
12,287
12,150
11,755

630
1,380
1,725
430

Øland Kraftvarmeværk
A.m.b.a
Rise Fjernvarme Amba
Lørslev Fjernvarmeforsyning Amba
Vejby-Tisvilde Fjernvarme A.m.b.a.
Svebølle-Viskinge Fjernvarmeselskab Amba
Snertinge, Særslev, Føllenslev - SSF
Energiselskab
Gram Fjernvarme
Havneby Varmeværk A.m.b.a.
Taars Varmeværk Amba
Odsherred Varme A/S
Ejsing Fjernvarmeforsyning A.m.b.a.
Thorshøj Kraftvarmeværk Amba
Hundested Varmeværk A.m.b.a.
Vesløs Fjernvarme Amba
Gedsted Varmeværk
Nordby Varmeværk Amba
St. Merløse Varme A/S
Toftlund Fjernvarme Amba
Østerild Fjernvarmeselskab A.m.b.a.
Mejlby Fjernvarmeværk AMBA
Holsted Varmeværk
Stokkemarke Fjernvarme
Tønder Fjernvarmeselskab A.m.b.a.
Læsø Varme A/S
Egtved Varmeværk
Løgstør Fjernvarmeværk
Haslev Fjernvarme Imba
Hovedgård Fjernvarmeværk amba
Ulbjerg Kraftvarme Amba
Hvalsø Kraftvarmeværk a.m.b.a.
Assens Fjernvarme Amba - Jylland
Høng Varmeværk
Hornslet Fjernvarmeselskab Amba
Kongerslev Fjernvarme
Genner-Hellevad-Hovslund Forenede
Kraftvarmeværker
Nørre Nebel Fjernvarme
Vildbjerg Varmeværk A.m.b.a.
Fjerritslev Fjernvarme
Als Fjernvarme a.m.b.a.

Table A.1: All investigated DH plants.
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B | Example of consumer loss calculation
To exemplify the substantial number of calculations made for each DH grid, an
excerpt of the calculation made for the DH plant of Lørslev Fjernvarmeforsyning
Amba is here presented. The reason for choosing Lørslev Fjernvarmeforsyning, is
because of its noticeable, but not complete estimated consumer loss.
In Figure B.1, an excerpt of the initial BBR data of consumers in Lørslev is given.
The data has already been filtered to only show buildings supplied from DH. The
two other main data are the year of construction (opf_aar) and total heated area
(tot_area).

Figure B.1: Excerpt from BBR data of buildings in Lørslev.

Based on the total heated area and year of building, a matrix indicating the
total heated area of each building within the associated group of building is made.
This is shown in Figure B.2, where also the resulting annual heat demands are
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estimated using the area-based heat demands of Table 4.3. Again, this is calculated
for all buildings.

Figure B.2: Table showing the matrix of heated area and resulting heat demand.

Lørslev is a relatively small city and DH grid with only 109 consumers. The
prices of heat are listed below [Lørslev Fjernvarme a.m.b.a., 2018]:
Cconsumption : 837.5 DKK/MWh
Csubscription : 1,125 DKK/meter
Ccapacity : 55 DKK/m2
Compared to other DH plants, the capacity price is rather high and the subscription price rather low. This can benefit consumers of low heated area. The average
heated area of buildings in Lørslev is 24% less than the average of all the investigated DH grids. Hence, this might be the reason for the lower consumer loss
compared to DH plants of similar prices for a standard single-family house.
For calculating the price of individual heating produced by a HP, the following
costs and specifications are used:
COP: 3.74
Ce : 2,198 DKK/MWh
Ci /Yi : 7,450 DKK/year
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Example of consumer loss calculation

From knowing the heat demand, heated area and costs of DH and individual
heating, the price of both can be calculated for each building. The price difference
can then be estimated to evaluate if a consumer is leaving the DH grid in favour of
individual heating based on the marginal price difference.
The consumers estimated to leave in the first iteration will not be accounted for
in the second iteration. Hence, the fixed costs of DH are increased corresponding
to the consumers leaving the grid. The fixed costs of DH and remaining consumers
for each iteration are given in Table B.1.
Iteration
1
2
3
4
5

Csubscription
[DKK/meter]
1,125
1,301
1,414
1,414
1,414

Ccapacity
[DKK/m2 ]
55
64
69
69
69

Consumers left
109
92
84
84
84

Table B.1: Results of increased fixed prices and remaining consumer in the DH grid.

Iterations are converging already at the third iteration due to the increase in
fixed costs of DH, not being sufficient enough to make HPs economically feasible
for the remaining 84 consumers. The resulting increase in fixed prices corresponds
to an increase of 2,109 DKK/year for a standard single-family house. Based on
the remaining consumers, a decrease of 23% in consumers is estimated for Lørslev
Fjernvarmeforsyning Amba. This exact procedure is carried out for all 39 investigated DH plants and 29,321 consumers.
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